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160 meters: spectrum under fire 

Once again. Amateur Radio faces a major threat. We recently lost 80 MHz of the 2300-MHz band 
to aeronautical telemetry. We lost the bottom 10 MHz of 450 MHz within 75 miles of the Canadian border. 
We lost 25 MHz of the 1200 MHz band to a NAVSAT (navigation satellite) service. We may yet lose the 
220-MHz band.* Now the 160-meter band is threatened. There's a very real possibility that a proposal to 
allocate the top half of 160 (1.900 — 2.000 MHz, Amateur exclusive) to the offshore navigation service 
will be adopted by the FCC. 

If you haven't been on 160 during the past few years, you might to surprised by what you would hear 
now. On any given evening you'll find plenty of stations conducting both CW and SSB ragchews. Later, 
the DX'ers appear. 

Maybe you think 160 is not very important because you never operate there. But consider this: for every 
two stations on 160, there's that much more space available on one of the other bands for you to use. 
Ten years ago, 160 was considered the AMers' band and there was little activity on it. Not much commer-
cial equipment covered the band. But now, try 160 during any major contest weekend; you'll find plenty 
of stations on and plenty of DX to be worked. 

The FCC's proposal to move the offshore navigation service from 1.6-1.8 MHz to 1.9-2 MHz is predicated 
on the WARC decision to expand the AM broadcast band up to 1.705 MHz. Industry pundits have suggested 
that this expansion may end up being more of a boondoggle than a benefit to the consumer and the broad-
cast industry. There are millions of AM radios around — few cover the entire 1.6-1.750 MHz band! 

Some serious questions need to be answered. Can the broadcast industry and the general business com-
munity financially support additional AM stations? Competition is tough enough now. Will other users of 
the spectrum be adversely affected in any way? It's been said that the proposed expansion is the result 
of some political debt being repaid. Whatever the motive, the proposal seems to be a foolhardy and un-
necessary exercise. 

Now what about the offshore navigation interests? Serious questions have been raised about this service. 
Why is it necessary to have an MF radiolocation service when there are other, more precise methods of 
radiolocation such as LORAN-C and NAVSAT? How about using technology similar to that of the new 
microwave landing system currently being integrated into airports by the FAA? The bottom line is that 
offshore navigation has few, if any, credible reasons to be moved into the 1.9-2 MHz slot. If the broadcast 
band is to be expanded only as far as 1.705 MHz, can anyone explain why, with selective receivers and 
stable transmitters, the offshore navigation interests cannot be accommodated between 1.705 and 1.8 MHz? 
It's almost the same size as the allocation proposed, and offshore navigation already operates there. Fur-
thermore, if offshore navigation interests are allowed to get their way, what's to stop other services from 
claiming Amateur frequencies on the basis of equally flimsy justification? The ultimate result would surely 
be a major disruption in Amateur Radio as we know it. Don't kid yourself. This could be just the beginning! 

If you haven't already filed your comments with the FCC on the proposed 160-meter reallocation, now 
is the time to do so. Your comments must be received by the FCC before January 24, 1985. Be reasonable 
and concise. Give solid technical and operational reasons as to why this proposal should not be accepted. 
Write "Docket 84-874" at the top of each page of your comments, include five additional copies (eleven 
if you wish each commissioner to have one), and send them to THE SECRETARY, FCC, Washington, 
D. C. 20554. 

It is a unique privilege that we have to be able to be included in the decision-making process proposals 
such as this. If you don't sit down right now, write up your comments, and send them in, then when the 
FCC accepts the offshore navigation proposal because of a lack of adequate opposition from the Amateur 
community, all that can be said is "Quityergripen!" 

J. Craig Clark, N1ACH 
Assistant Publisher 

"See "Reflections," ham radio, October, 1984 (page 6) and this month's Presstop (page 81. 
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COMMERCIAL PRESSURE O N THE 220-MHZ BAND HAS BEEN RELIEVED by the FCC's assignment of 

the Land Mobile reserve frequencies between 806 and 947 M H z to that and other services 
November 21. In its far-reaching a c t i o n , the Commission rejected both M u r a ' s proposal 
for a new Personal R a d i o Service for 8 M H z and a commercial proposal to allocate 896-898 
and 941-943 MHz to an air-ground telephone service; GE's proposal for a Personal Radio 
Service in the 900 M H z region was dropped just a few weeks earlier. 

12 M H z For Land M o b i l e And 12 MHz For Cellular Were Proposed in the November 21 meet-
ing, w h i l e 6 M H z was reallocated to government and n o n - g o v e r n m e n t fixed services and 
frequencies in the 944-947 MHz band were reallocated for broadcast links and r e l a y s . As 
the "220 Grab" w a s already in trouble from a v a r i e t y of directions, this action is likely 
to effectively remove 220 from Land Mobile's sights. H o w e v e r , it's also just as likely to 
create a w h o l e new set of user pressures on 220 M H z as well as other Amateur b a n d s . 

The Failure To Establish Any F o r m Of A "Personal" Radio Service in the Land Mobile 
reserve frequencies is regarded as a severe defeat b y would-be users and suppliers alike. 
The concept had b e e n strongly supported by the GMRS* community. The next logical targets 
for a Personal Radio Service could now be 902-928 M H z , and (repeating history) 220 MHz! 
The air-to-ground telephone proponents could, on the other h a n d , decide to go after 
420-430 M H z for their n e w service since that band has already gone to Land Mobile in 
Canada and is being protected for Canadian benefit along the Canadian b o r d e r . 

Whether Or Not T h e s e Fears M a t e r i a l i z e , pressure on Amateur frequencies is expected 
to continue. The recent loss of the Amateur secondary allocation of 2310-2390 MHz to 
flight telemetry is a case in p o i n t . The current stagnation of A m a t e u r growth, coupled 
w i t h apparent FCC coolness toward the Amateur S e r v i c e , could spell trouble ahead. 

TWO LONG-TERM ARRL DIRECTORS WERE UNSEATED in the League elections. In the New England 
Division T o m F r e n a y e , K 1 K I , soundly beat John S u l l i v a n , W 1 H H R . In a closer race Linda 
F e r d i n a n d , N2YL, beat out incumbent George D i e h l , W 2 I H A , in the Hudson D i v i s i o n . Incum-
bents w o n in all other races in w h i c h they ran; however two new Vice D i r e c t o r s , Rush 
D r a k e , W 7 R M , (Northwestern D i v i s i o n ) and Wayne O v e r b e c k , N6NB, (Southwestern D i v i s i o n ) 
were both also e l e c t e d . 

EXTENSIVE A M A T E U R OPERATION DURING A 1985 SPACE SHUTTLE mission now seems c e r t a i n , 
according to w o r d from N A S A . It's to be on mission 51-F, now scheduled for next A p r i l , 
though delays in the Shuttle schedule could push that back to July or even later. Two 
Amateurs are scheduled for mission 51-F, and it appears likely there'll be operation on 
a variety of m o d e s and frequencies with some sort of repeater also p o s s i b l e . 

ARRL'S LEAVING NEWINGTON AND A M A J O R PUSH FOR A M A T E U R GROWTH w e r e just two of the m a n y 
significant items covered by the League's directors at their fall m e e t i n g . As for m o v i n g , 
the M a n a g e m e n t and F i n a n c e Committee was directed to conduct a study of possible sites, 
costs, timing, and impact on the m e m b e r s h i p and staff. Though not specified in the board 
m i n u t e s , W a s h i n g t o n , D.C. is believed to be w h a t ' s in m i n d . A growth of 50,000 new A m a t e u r s 
a year for the n e x t five years is the goal of a new plan devised by the League's General 
M a n a g e r , for implementation in 1985. (The number of individual U . S . licensed Amateurs 
has held almost steady at just over 400,000 for the past several years.) He's also been 
instructed to develop a parallel program to increase ARRL m e m b e r s h i p by 25,000 in 1985, 
and by 20% per year thereafter. Other items included an apparent endorsement of simplex 
a u t o p a t c h e s , a m e m b e r s h i p survey of further phone expansion on 7 M H z , and a Plans and 
Programs Committee study on the League becoming involved with m a i n t e n a n c e of Amateur 
licensing records and "especially in the administration of special call sign requests...." 

ARRL'S REQUEST F O R FCC PREEMPTION OF ANTENNA R E G U L A T I O N S , P R B - 1 , has been drawing a 
lot more favorable — and e f f e c t i v e — A m a t e u r comment"! November 9 the FCC extended the com-
m e n t cutoff date to December 24, and indications are that the flow of comments from 
Amateurs describing the problems they've had with local restrictions is continuing at a 
good r a t e . 

What The Outcome W i l l Be, However| Remains To Be Seen. There have a lso been some we l l 
presented arguments from the other s ide o f the f ence , and the issue i s one which does have 
two v a l i d s ides . Which s ide , i f e i t h e r , the Commissioners w i l l take cannot be p red i c t ed . 

FCC'S PROPOSAL TO REALLOCATE 1900-2000 KHZ to radio direction finding is still open 
for comment. Just after last month's Presstop w e n t to p r e s s , the Commission granted an 
ARRL request for an extension of the Comment due date to January 24, 1985, with Reply Com-
ments due March 11. An original and five copies sent to the S e c r e t a r y , F C C , are needed for 
a formal filing; refer to PR D o c k e t 84-874. (See "Reflections," page 5.) 

440-450 MHZ IS FULL IN SOUTHERN CALIFORNIA, according to the Southern California Repeater 
and~~Remote Base A s s o c i a t i o n (SCRRBA) , with all repeater channels filled. Unless SCRRBA's 
review of activity turns up some inactive systems, would-be repeater operators will have to 
go to 23 cm since 2 m e t e r s and 220 have long been filled in that area. 

^General Mobile Radio Service. Formerly "Class A" CB, GMRS has developed into a sophisticated Personal FM 
Radio Service with frequencies in the 460-MHz band. 
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computer-aided 
interdigital bandpass filter 

design 
For reproducible 

customized design 
in the 0.4-5 GHz 
frequency range 

One of the more challenging difficulties facing the 
Amateur experimenter in UHF and microwave com-
munications is to construct good bandpass filters at 
these high frequencies. Good filters are especially im-
portant in those bands where the Amateur frequency 
allocation is shared with or is near high power sen/ices, 
such as radar, which can cause ruinous interference. 
And although a number of articles have appeared in 
Amateur publications describing specific bandpass 
filter types and specific construction techniques, none 
has provided a simple means of designing filters for 
different requirements. 

This article describes a flexible computer program 
that makes it possible for Amateurs to design and build 
their own bandpass filters, custom-tailored to their 
specific needs. The program performs the design tasks 
for interdigital filters, a common bandpass type. The 
article also shows, step by step, how to proceed from 
the computer printout to the building and testing of 
a working filter. In addition, two different examples 
are used to illustrate two different construction 
methods. 

filter design 
The design of narrowband bandpass filters — that 

is, of filters that have passbands of approximately 10 

percent of the center frequency or less — is often 
based on the well-known work of Matthaei, Young, 
and Jones,' which provides a wealth of analytical and 
practical design methods for many types of RF and 
microwave filters. Among the most common types are 
filters that use comb or interdigitated coupled resona-
tors. These two types are mechanically similar, but this 
article discusses only the interdigital form. 

Interdigitated bandpass filters have been widely 
used in the microwave electronics industry for many 
years. These filters are commonly used because they 
provide reasonably good passband characteristics, 
moderate loss, and fairly high attenuation in the stop-
bands. Furthermore, they are simple to build and tune, 

A typical interdigitated bandpass filter, such as 
shown in fig. 1, consists of a number of resonator 
elements or rods, each approximately a quarter wave-
length long at the center frequency of the filter, which 
are electrically coupled together between two conduc-
ting ground planes. Each rod is shorted to ground at 
one end and open-circuited at the other end. The rods 
alternate, with one rod's shorted end opposing the 
next rod's open end. It is this alternating structure, 
which looks somewhat like interlaced fingers, that 
gives the interdigital filter its name. At the ends of the 
filter some form of impedance matching, either a trans-
mission line transformer or a tap on the end rods, is 
used to couple energy into and out of the filter. 

Interdigitated filters are most useful in the low micro-
wave frequency range of about 0.5 to 5 GHz. In this 
region, lumped element filters are difficult to build, and 
waveguide filters are mechanically large. The inter-

By Jerry Hirishaw, N6JH, and Shahrokh 
Monemzadeh, 4558 Margery Drive, Fremont, 
California 94538 
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fig. 1. Typical interdigital bandpass filter structure. This 
filter consists of a number of rods, each open circuited 
at one end and grounded at the other, which are elec-
trically coupled together between ground planes. 

LOWER 
StOPOANO 

FREQUENCY 

fig. 2. A generalized bandpass filter response. The 
ripple in the passband is exaggerated for clarity. 

digital filter handily fills this gap between low fre-
quency "coil and capacitor" filters, and microwave 
waveguide "plumbing." Thus, interdigital filters are 
of interest for frequencies up to at least several GHz, 
and down at least as low as the 420 MHz ham band. 

The traditional design of interdigitated filters de-
scribed by Matthaei, Young, and Jones calls for both 
the spacing and sizes of the rectangular resonant ele-
ments to be variables. While there is no problem with 
this theoretically, in practice it is often simpler to use 
round rods of equal diameter in place of rectangular 
ones of various sizes. In the 1960's, DishaP described 
a method of designing narrow bandwidth filters using 
equal diameter round rods. His method provides a sim-
ple and accurate design guide which results in band-
pass filters of straightforward mechanical construction 
and good electrical performance. 

In addition to using uniform round rods in place of 
rectangular elements of various sizes, Dishal ques-
tioned the common practice of using additional ele-
ments, one at each end of the filter structure, whose 
only purpose was to match the filter to the desired in-
put and output connections when a simple tap on the 
first and last element would serve as well. Taking it 

defining terms 
A bandpass filter is a device that permits the 

passage of signals within a certain range of fre-
quencies only, but blocks out signals from above 
or below that range. The range of frequencies 
where signals can pass through the filter with 
low loss is called the passband. The frequencies 
outside the passband are variously referred to as 
the rejection bands, stop bands or "skirts" of the 
filter. (Figure 2 shows a general filter response.) 

An ideal bandpass filter would have zero loss 
in the passband and infinite rejection of un-
desired signals in the stopbands. In real life, 
however, the situation is not as clear-cut: the 
passband of a real filter has a certain finite loss, 
even though it may be quite low. Likewise, a real 
filter's stopbands do not absolutely reject signals, 
but merely reduce their amplitudes. The attenua-
tion depends mainly upon the separation, in fre-
quency, of the undesired signal from the 
passband. 

The loss in the passband may be nearly con-
stant, or flat, as in a Butterworth design, or it 
may vary with regular undulations or "ripple" in 
the attenuation curve. In a Chebyshev type filter, 
this passband ripple is related to an increase in 
stopband rejection. For our purposes, it is 
enough to consider a Butterworth filter as a vari-
ation of the Chebyshev design, but with zero 
passband ripple. It is important to realize that we 
can obtain better stopband rejection if we're will-
ing to trade off passband flatness and accept 
higher ripple and VSWR. 

Since the transition from passband to stop-
band in a real (rather than ideal) filter is not 
abrupt, we must define its location. For a 
Chebyshev filter, the "edges" of the passband 
are defined as those points where the attenua-
tion exceeds the maximum ripple amplitude. 
Thus the passband of a Chebyshev filter is often 
known as the ripple bandwidth. The bandwidth 
of a Butterworth design, which has no ripple, is 
traditionally defined at the 3 dB points. This 
measure is called the 3 dB bandwidth. 

There are many good texts and articles deal-
ing with filter topics, and the interested reader 
should refer to them if a better background is 
desired. A few of these sources are listed in the 
references. However, the terms and concepts in-
troduced above are sufficient for a basic under-
standing of the design and construction of the 
bandpass filters we describe. 
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table 1. Interactive program calculates expected elec-
trical performance and computes mechanical dimen-
sions of filter. 

10 REM ft******************************************* 
20 REM DESIGNS INTERDIGITAL EPFs 
30 REM *****•*•»***»•*«******#******»•»*•******•••*« 
40 DEF FNRJ(TA.B,C,D).(B»C-TA»D)/(C»C+D»D) 
50 REM using equal diameter rods 
60 REM g values based on ripple bv . q/coup on 3-bd 
70 DIM 0(200) , C(200) , RIC( 200) , AK(200) , FR(40) , AL0SS(40) 
80 DIM A(200), B(200) 
90 PI.3.14159265* 
100 INPUT"! OF ELEMENT J P-P RIPPLE IN PASSBAND (DB)";N,RIP 
110 REM 
120 INPUT" INPUT FILTER CENTER FREq.(GHZ), BW(MHZ)&LOAD IMPEDENCE 

ZO";FZGC,BWMC,R 
130 REM 
140 PRINT"INPUT GROUND PLANE SPACING , ROD DIAMETER" 
150 INPUT"S DISTANCE TO CENTER OF FIRST AND LAST R0D";H,D,E 
160 REM 
170 REM 
180 INPUT"N0. OF FREQ. REJECTION PTS AND STEP SIZE (MHZ)";NFR,STP 
190 FOR I P — N F R / 2 TO NFR/2 
200 CONTER.CONTER+l 
210 FR(CONTER)-FZGCt(STP«.001»IP) 
220 NEXT IP 
230 IDAT-1 
240 GOTO 2 50 
250 Fl-FZGC-.0005*BWMC 
260 F2.FZGC+.0005*BWMC 
270 IF RIP>0 THEN GOTO 330 
280 BU3CC-F2-F1 
290 BWRGC-0 
300 BW3-1 
310 GOSUB 1960 
320 GOTO 390 
330 B.1/SQR(10'(.1»RIP)-1) 
340 CA-L0G(B+SQR(B»B-1))/(N) 
350 BW3«(EXP(CA)+EXP(~CA))/2 
360 GOSUB 1740 
370 BWRGC.F2-F1 
380 BW3GC-BWRGC»BU3 
390 REM 
400 W.2«(F2-Fl)/(F2tFl) 
410 QF-FZGC/BW3GC 
420 NFM-N-1 
430 qWVL"11.8028/(4*FZGC) 
440 FOR K.l TO NFM 
4 50 AK(K)-1/(BW3«SQR(G(K)«G(K+1))) 
460 RE(K).AK(K)/QP 
470 NEXT K 
480 AKO.G(1)*BW3 
490 AK(N)«AKO 
500 AK(N+l)-0 
510 QS.G(1)»BW3»QF 
520 CANH.(EXP(2*PI»E/H)-1)/(EXP(2*PI«E/H)+l) 
530 ZM-59.9585«L0G(4«H/(PI<D)) 
540 ZE-59.9585»LOG(CANH»H»4/(PI«D>) 
550 RKM-RK(l)»SqR(ZM/ZE) 
560 Z-PI«D/(2«H) 
570 C0TH-(EXP(Z)+1)/(EJP(Z)-1) 
580 Y.PI»RKM/4 
590 T.COTH'Y 
600 C(1).(H/PI)»L0G((T+1)/(T-1)) 
610 MFL.N-2 
620 REM IF N-3<0 THEN AG-1 ELSE IF N-3.0 THEN AG = 2 ELSE AC.3 
630 ON ( 2+SGN ( N ) * 1) COTO 690 , 690 , 640 
640 FOR K-2 TO MFL 
650 Y - P l m m / 4 
660 T-COTH'Y 
670 C(K).(H/PI)»L0G((T+1)/(T-1)) 
680 NEXT K 
690 C(N-1)-C(I) 
700 X-SqR(PI»R/(4>ZE*QS)) 
710 AQ-2»QWVL»ATN(X/SQR(1-X»X) )/PI 
720 QU-2200*H«SqR(FZGC) 
730 SUMG.O 
740 FOR Jl-1 TO N 
750 SUMG.SUMG+G(J1 ) 
760 NEXT J1 
770 BL0SS.4.34«FZGC»SUMC/(QU«(F2-F1)) 
780 DELAY-SUMG/(2«PI«(F2-F1)) 
790 IF RIP > 0 THEN GOTO 820 
8 0 0 P R I N T " D E S I G N DATA FOR ":N;" P O L E I N T E R D I G I T A L F I L T E R . 

BUTTERWORTH RESPONSE" 
810 GOTO 830 
820 PRINT "DESIGN DATA FOR";N;"POLE INTERDIGITAL FILTER .BAND 

PASS RIPPLE";RIP;"DB" 
830 PRINT"CENTER FREQ. ";FZCC ;"GHZ" 
840 PRINT"CUT0FF FREq. ";FI;" (GHZ) AND ";F2,-" GHZ" 
850 PRINT"RIPPLE BW. ";BWRGC;"GHZ" 
860 PRINT"3 DB BW. ";BW3GC:"GHZ" 
870 PRINT"FRACTIONAL BW.";W 
880 PRINT"FILTER q ";QF 
890 PRINT"EST QU ":QU 
900 PR INT"LOSS BASED ON THIS QU ";BLOSS:" DB" 
910 PRINT"DELAY AT BAND CENTER "; DELAY:"NANOSECONDS" 
920 FOR JK-i TO NFR 
930 IF JK.l THEN PRINT "FREQUENCY REJECTION INFORMATION " 
940 NFN-ABS(2*(FR( JK)-FZGC)/(W»FZGC )) 
950 IF RIP >0 THEN GOTO 980 
960 A LOSS ( JK )-10'L0C( 1-tNFN " ( 2»N))/L0G( 1 0 ) 
970 COTO 1040 
980 IF NFN<1 THEN NFN-1 
990 ANG-H*LOG(NFNfSQR(NFN*NFN-l)) 
1000 YAK».5*(EXP(ANC)+EXP(-ANG)) 
1010 ALOSS(JK).10*LQG(lt(10" ( . 1 »R IP) - 1) » Y AK» Y AK )/LOG(10) 

1020 IF ALOSS(JK)>65 THEN ALOSS - 65 ELSE ALOSS - ALOSS(JK) 
1030 FR»INT( FR(JK)*10000) /10000 : ALOS.INT( ALOSSf JK ) ) 
1040 PRINT TAB(INT(ALOSS))"*":TAB(66)FR;TAB(73)ALOS 
1050 NEXT JK 
1060 W0.2»PI»FZGC»1E»09 
1070 F-D/H 
1 0 8 0 C F . ( - . 0 0 0 0 4 2 2 - 1 . 0 8 5 7 3 9 7 « F * . 0 0 6 7 8 5 3 » F * F - 9 . 0 9 2 1 6 5 E -

02*F"3+.169088*F"4)*PI*H*2.54 
1090 REM 
1100 WW-W0»1E-I2 
1110 B2.PI*AQ/(2*QWVL) 
1120 CC.l/R 
1130 BB.-C0S(B2)/(ZE*SIN(B2)) 
1140 EL1-.8»QWVL 
1150 ANG.EL1»PI/(2«QWVL) 
1160 B1.ANG-B2 
1170 YL--COS(ANC)/(ZM»SIN(ANG) ) 
1180 CP.WW*(CF+.17655*D*D/(QWVL-EL1)) 
1190 Yl.CP+YL 
1200 EL2..87«Q„ .'L 
1210 ANG-EL2»PI/(2«QWVL) 
1220 B4.ANG-B2 
1230 YL--COS(ANG)/(ZM*SIN(ANG)) 
1240 CD.WW»(CF».17655*D«D/(QWVL-EL2)) 
1250 Y2.CD+YL 
1260 EL3..95*QWVL 
1270 ANG-EL3»PI/(2»QWVL) 
1280 B5.ANG-B2 
1290 YL.-COS(ANG)/(ZM*SIN(ANG)) 
1300 CQ-WW»(CF+.17655«D«D/(qVVL-EL3)) 
1310 Y3.CQ+YL 
1320 E L E M . Y 3 « Y 2 « E L l / ( ( y l - Y 2 ) » ( Y l - Y 3 ) ) + Y l * Y 3 » E L 2 / ( ( Y 2 - Y l ) » ( Y 2 -

Y3))+Yl«Y2«EL3/((Y3-Y1)«(Y3-Y2)) 
1330 TANN.SIN(B1)/C0S(B1) 
1340 YL.FNRJ(CG,BB+TANN/ZE, 1-ZE«BB»TANN , ZE«GG»TANN ) 
1350 Yl.CP+YL 
1360 TANN-SIN(B4)/C0S(B4) 
13 70 YL»FNRJ(GG,BBt-TAKN/ZE, 1-2E»BB»TANN , ZE»GG«TANN ) 
1380 Y2.CD+YL 
1390 TANN-SIN(B5)/C0S(B5) 
1400 YL.FNRJ(GG.BB+TANN/ZE,1-ZE»BB»TANN,ZE«GG*TANN) 
1410 Y3-CQ+YL 
1 4 2 0 E L E q - Y 3 « Y 2 « E L l / ( ( Y l - Y 2 ) » ( Y l - Y 3 ) ) + Y l » Y 3 » E L 2 / ( ( Y 2 - Y l ) » ( Y 2 -

Y3))+Y1»Y2«EL3/((Y3-Y1)«(T3-Y2)) 
1430 REM 
1440 PRINT"QUARTER WAVELENGTH -";QVVL ;"INCHES" 
1450 PRINT"THE LENGTH OF INTERIOR ELEMENTS .";ELEM;" INCHES" 
1460 PRINT"LENGTH OF END ELEMENTS -";ELEQ;" INCHES" 
1470 PRINT"GROUND-PLANE SPACE .":H," INCHES " 
1480 PRINT"R0D DIAMETER -";D;" INCHES" 
1490 PRINT"END PLATES";E;" INCHES FROM C/L OF END ROD " 
1500 PRINT"TAP EXTERNAL LINES UP "; AQ;" INCHES FROM SHORTED END " 
1510 P R I N T L I N E I M P E D A N C E S : END ROD";ZE;" .OTHER " : Z M ; " , EXT. 

LINES ";R:"OHM" 
1520 PRINT "DI>iENSI ON S" 
1 530 PRINT"EL. NO. END TO C C TO C G U ) Q/COUP" 
1540 DOM-E 
1550 GOO.l 
1560 PRINT "0";TAB(41)GOO;TAB(55)AKO 
1570 PRINT "1";TAB(16)E;TAB(41)G(1);TAB(55)AK(1) 
1580 FOR K.l TO NFM 
1590 L.K + 1 
1600 PRINT TAB(28)C(K) 
1610 DOM.DOM-fC(K) 
1620 PRINT L;TAB(16)D0M;TAB(41)G(L);TAB(55)AK(L) 
J 630 HEXT K 
1640 LQ.N+1 
1650 PRINT Lq;TAB(41)G(Lq) 
1660 DOM.DOM+E 
1670 PRINT TAB(16)DOM 
1680 IF IDAT -1 THEN GOTO 2070 
1690 REM 
1700 REM 
1710 REM DEFINE FUNCTION 
1720 DEF FNRJ(TA,B ,C,1>)-(B»C-TA»D)/(C«C+D«D) 
1730 t:ND 
1740 REM SUB CHEB 
17 50 REM 
1760 C-2*RIP/17.37 
1770 BETA-LOG((EXP(C)tl)/(EXP(C)-I)) 
1780 GAMMA.. 5»(EXI'( BETA /( 2»N))-EXP(-BETA/(2«N ) )) 
1790 FOR K-l TO II 
1800 A(K)-SIN(.5«(2«K-1)»PI/N) 
1810 B(K).GAMMA -2+SIK(K*PI/N)"2 
1820 NEXT K 
1830 G(1).2»A(1)/CAMBA 
1840 FOR K-2 TO K 
18 50 G(K)-4«A(K-l)«A(K)/(B(K-l)»G(K-l)) 
1860 NEXT K 
1870 NN.N/2 
1880 NNN-(N+l)/2 
1890 REM IF NNN-NNCO THEN AG1-1 ELSE IF NNN-NN-0 THEN AG1-2 ELSE AG1-3 
1900 ON (2+SGN(N»»-NK)«l) COTO 1910,1910,1930 
1910 G(N+l).((EXP(BETA/2)+l)/(EXP(BETA/2)-l))*2 
1920 RETURN 
1930 G(N+1)=1 
1940 RETURN 
1950 END 
1960 REM SUB FOR BUTT 
1970 REM 
1980 REM 
1990 REM 
2000 REM 
2010 P0V2-1.57079633# 
2020 FOR K.l TO N 
2030 G(K).2<SI«(P0V2*(2«K-1)/N) 
2040 NEXT K 
2050 G(N+l).l 
2060 RETURN 
2070 END 
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loss loss 
number ripple bandwidth at 440 at 445 

of elements dB MHz dB dB 
2 0.25 2 1.2 21.6 
2 0.25 3 0.8 14.4 
3 0.25 2 2.5 41.4 
3 0.25 3 1.7 30.5 
3 0.25 4 1.3 22.6 
4 0.50 1 7.9 88.8 
4 0.50 3 2.7 50.0 
4 0.25 3 2.4 46.8 
6 0.25 3 4.2 79.4 
6 0.25 4 3.2 63.4 

fig. 3. Program tests various configurations for the 
440-MHz bandpass filter. For comparison, all are for 0.38 
inch diameter rods between groundplanes 1 inch apart, 
and all have a center frequency of 440 MHz. 

a step further, he showed how to determine these tap 
locations. A computer program, described below, is 
developed around this design approach. 

program description 
The BASIC listing is given in table 1. This program 

follows in loose form a program originally written in 
Fortran IV by Rook and Taylor.3 We translated into 
BASIC, modified it for use on a personal computer, 
and added additional plotting output. The program 
uses an interactive approach to request design infor-
mation from the user, and then calculates the expected 
electrical performance and computes the mechanical 
dimensions of the filter. It is written in BASIC in its 
IBM PC™ version, but it is structured so that conver-
sion into other versions of BASIC for different com-
puters should not be difficult. 

The first portion of the program sets up the required 
variable dimensions and types. Next, an interactive 
question sequence collects the input data for the 
design. Once the required data are available to the 
program, it computes the expected electrical perform-
ance and gives details of the filter's mechanical con-
struction. Finally, the program prints a graph of the 
passband and rejection skirts of the filter. 

Two different examples of filters for two different 
ham bands are given. Each example gives general me-
chanical details of construction techniques which have 
been proven to give good results. The examples are 
just that, examples, and serve as guides to help the 
reader design and build filters which are optimized for 
his own particular application. The explanations of 
these techniques give enough information so that the 
examples themselves can be duplicated without too 
much difficulty. 

440 MHz bandpass filter 
The first example is a front-end filter for a 440 MHz 

FM receiver in a linear translator system. A linear trans-

lator, like a repeater, retransmits what it receives on 
a frequency 5 MHz (the 440 MHz spacing) away from 
the input channel. In order to prevent receiver over-
load or excessive intermodulation distortion in the 
presence of the strong transmitted signal, the rejection 
of the near-by repeater transmitter at 445 MHz must 
be approximately 50 dB. At the same time, the filter's 
passband loss should be moderate, less than about 
3 dB, or the receiver sensitivity will be degraded ex-
cessively. These two considerations dictate the choice 
of filter type and design. 

An interdigital bandpass filter turns out to be a good 
choice for this application. It can be simply and inex-
pensively built, and has relatively low'passband losses 
together with good out-of-band rejection. And while 
it is true that a cavity diplexer filter of the sort often 
seen in amateur repeaters can give still lower losses 
and greater rejection, its good electrical performance 
can be accomplished only at the expense of increased 
mechanical complexity, larger size, and higher cost. 
Here, the required performance does not absolutely 
dictate the use of a multiple cavity diplexer, so we 
should definitely consider using the much simpler 
interdigital filter. If still less skirt rejection and 
somewhat greater loss can be tolerated, a helical 
resonator filter might be a good choice, for it would 

•provide less rejection and probably would have higher 
passband losses, but it would also be much smaller 
mechanically than an equivalent interdigital bandpass 
filter. This size reduction is possible because the in-
ductances in a helical filter are coils and because the 
inter-element couplings are not dependent only on the 
physical spacing of elements. 

The first step in the choice of filter parameters is 
to determine the required passband loss limit, pass-
band ripple, and out-of-band rejection that can be 
tolerated. An interactive computer-aided design pro-
gram makes these tradeoffs considerably simpler to 
evaluate. The designer begins by entering a first 
estimate, or guess, of the approximate number of 
elements and passband ripple. From these inputs, the 
computer program quickly determines the approximate 
loss and plots the pass and reject bands. In the course 
of a few minutes' work, several different configura-
tions can be tried out. From these it is easy to select 
the optimum design. 

As an example of this interactive optimization, f ig. 
3 lists a number of different 440 MHz filter configura-
tions tested by the program. These designs differ 
mainly in the number of elements and in their pass-
band widths. Filters with from 2 to 6 elements and rip-
ple bandwidths of from 1 to 4 MHz are compared. In 
each case, the loss at the center frequency, 440 MHz, 
and at the transmitter frequency to be rejected, 445 
MHz, are listed for comparison. 

The results of this scan of various possible designs 
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§ OF E L E M E N T $ P-P R I P P L E IN P A S S B A N D (DB)? 4 , . 2 5 
INPUT FILTER C E N T E R F R E Q . ( G H Z ) , B W ( M H Z ) & L O A D I M P E D E N C E ZO? . 4 4 0 , 3 , 5 0 
I N P U T G R O U N D P L A N E S P A C I N G , ROD D I A M E T E R 
& D I S T A N C E T O C E N T E R OF F I R S T AND LAST ROD? 1 . . 3 8 . . 5 
N O . OF F R E Q . R E J E C T I O N PTS A N D S T E P SIZE (MHZ)? 38,.5 
DESIGN DATA FOR 4 POLE I N T E R D I G I T A L FILTER .BAND PASS R I P P L E .25 DB 
C E N T E R F R E Q . .44 GHZ 
C U T O F F F R E Q . .4385 ( G H Z ) AND .4415 GHZ 

3 . 0 0 0 0 2 1 E - 0 3 GHZ 
3 . 4 1 9 3 2 8 E - 0 3 GHZ 

F R A C T I O N A L B W . 6 . 8 1 8 2 3 E - 0 3 
FILTER Q 1 2 8 . 6 8 0 3 
EST QU 1 4 5 9 . 3 1 5 
LOSS B A S E D ON T H I S QU 2 . 4 2 2 7 1 3 DB 
DELAY AT BAND C E N T E R 2 9 4 . 6 6 5 2 N A N O S E C O N D S 
F R E Q U E N C Y R E J E C T I O N I N F O R M A T I O N 

R I P P L E B W . 
3 DB B W . 

* .4305 69 
* .431 67 
* .4315 65 

. 432 63 

. 4325 61 

.433 58 

.4335 56 

.434 53 

.4345 50 

.435 46 

.4355 42 

.436 38 

.4365 33 

.437 27 

.4375 19 

.438 9 

.4385 0 

.439 0 

.4395 0 

.44 0 

.4405 0 

.441 0 

.4415 0 

.442 9 

.4425 19 

.443 27 

. 4435 33 

. 444 38 

.4445 42 

.445 46 

.4455 50 

.446 53 

. 4465 56 

.447 58 

.4475 61 

.448 63 
* .4485 65 
* .449 67 

INCHES 
Q U A R T E R W A V E L E N G T H = 6 . 7 0 6 1 3 6 INCHES 
THE L E N G T H OF I N T E R I O R E L E M E N T S = 6 . 4 1 8 1 6 4 
L E N G T H OF END E L E M E N T S = 6 . 4 3 8 1 8 3 INCHES 
G R O U N D - P L A N E S P A C E = 1 INCHES 
ROD D I A M E T E R = .38 INCHES 
END P L A T E S .5 INCHES FROM C/L OF END ROD 
TAP E X T E R N A L L I N E S UP .2294638 INCHES FROM S H O R T E D END 
LINE I M P E D A N C E S : END ROD 6 7 . 3 1 3 4 1 .OTHER 7 2 . 4 9 8 7 3 , E X T . LINES 
D I M E N S I O N S 

C TO C E L . N O . 
0 
1 

2 

3 

4 
5 

END TO C 

. 5 

2 . 3 9 4 4 9 5 

4 . 3 6 4 4 3 7 

6 . 2 5 8 9 3 1 

1 .894495 

1.969942 

1 . 8 9 4 4 9 5 

G ( K ) 
1 
1 .378239 

1 .269327 

2 . 0 5 5 8 0 8 

.8509719 
1 

Q / C O U P 
1 . 5 7 0 8 7 3 
. 6 6 3 3 3 7 6 

. 5 4 3 1 3 2 3 

. 6 6 3 3 3 7 6 

1 . 570873 

50 OHM 

6 . 7 5 8 9 3 1 

fig. 4. Computer printout for the 440-MHz filter. 
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quickly reveals some expected trends. For instance, 
it is clear that filters that are too narrow (i.e., filters 
that have passband widths well under 1 percent of 
their center frequency) have increasingly higher pass-
band losses. Also, filters with wide passbands have 
lower loss at the center frequency but decreased out-
of-band rejection. These are fundamental tradeoffs. 
Next, it is also apparent that increasing the number 
of elements increases both the passband loss and the 
desired rejection of out-of-band signals, and that a 
filter with a relatively wide passband and many ele-
ments will have low in-band losses and good rejec-
tion. However, the number of elements cannot be in-
creased arbitrarily because experience has shown that 
filters wi th many elements are less easily built and 
tuned, and that for Amateur construction and tuning 
techniques it is best to avoid the use of more than 
about five or six elements. 

With all this in mind, we selected a four-section filter 
with passband ripple of 0.25 dB (VSWR = 1.62) and 
a bandwidth of 3 MHz. For our application, these 
choices resulted in approximately the desired loss and 
rejections, namely 2.4 dB loss at 440 MHz and a re-
jection of about 46.8 dB at 445 MHz. Note that this 
rejection is relative to the passband loss, so that the 
filter's total loss at 445 MHz is estimated to be approx-
imately 49.2 dB. 

computer output 
The computer program's output for this filter design 

is shown in fig. 4. The printout contains information 
on both the electrical performance estimates as well 
as mechanical information in detail sufficient to fully 
describe the filter. 

After the "RUN" command is entered, the program 
asks for some electrical design information such as the 
number of sections, or elements, in the filter and the 
passband ripple in decibels. Enter these two numbers, 
separated by a comma, followed by the "return" key, 
and the computer will respond with the next questions. 
These are the center frequency, expressed in giga-
hertz, the ripple bandwidth of the filter in megahertz, 
and the desired load impedance in ohms (usually 50). 
As before, these three entries should be separated by 
commas and followed by a return. 

Next, the program requests some mechanical infor-
mation. The spacing between the top and bottom 
ground planes, the diameter of the resonant rods and 
the desired spacing between the end of the filter and 
the first rod are entered in response to the questions. 
All of these dimensions should be entered in decimal 
inches because the design formulas within the pro-
gram contain constants in inches. 

The third and last section of input data concerns 
the plotter output. The operator must specify how 
many plot points and the spacing in megahertz be-

tween each point. The maximum number of plot 
points is 40. It is usually convenient to specify a step 
size of somewhat smaller than the passband width to 
give a good picture. In this example, the filter is 3 MHz 
wide and the plot with a one-half MHz resolution 
shows the rejection skirts clearly. 

After these last bits of information are entered, the 
computer program proceeds without further interven-
tion. It first prints out some of the calculated para-
meters of the filter. Then the computer graphically 
plots the pass and reject bands on the screen and on 
a printer if one is selected. 

The last block of computer printout gives the 
mechanical details of the filter. The quarter wavelength 
listed is the inside dimension of the filter cavity. The 
length of the interior elements is listed, followed by 
the length of the two end elements. All of the interior 
elements have the same length, but the two end 
elements may have a different length from the end 
rods. The tap point is the point on the end element 
at which the external connection is made, and it is 
measured from the "co ld " or grounded end of the 
rods. A tabular summary of the filter's dimensions ap-
pears at the end of the printout. It lists the end to cen-
ter dimensions, the element center to center dimen-
sions, and two coupling coefficients. The mechanical 
•dimensions are easily translated into a sketch of the 
filter. Naturally, the designer must have certain dimen-
sions and construction materals in mind before the 
computer program can be run. The ground plane spac-
ing and rod diameter must be entered as constants 
to permit the completion of the design. These variables 
depend on the materials used to build the filter, and 
on the construction technique. 

construction 
Now that the computer program has been used to 

select an optimized filter and it has printed the 
mechanical dimensions of the filter's structure, it is 
time to consider how to translate the filter design into 
a form that can be realized. The mechanical structure 
must be sufficiently sound to produce the expected 
performance. 

The table of numbers at the end of the computer 
printout, fig. 4, gives fairly complete information on 
the dimensions of the filter structure. The first column 
gives the element number, with zero indicating the first 
edge of the filter and a number one greater than the 
total number of rods denoting the other edge of the 
structure. The second column gives dimensions in 
inches from the end of the housing to the center of 
the rod indicated. For example, in our design, the se-
cond element is to be located a distance of 2.39 inches 
from the end of the housing. The total length of the 
filter will be the dimension listed opposite the final 
entry which is, in this case, 6.759 inches (17.168 cm). 
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Al though the pr intout gives information on how to 
size the filter, it is probably a good idea to make a 
drawing to f ix in your mind just how the box is to be 
assembled. Figure 5 is a mechanical sketch of the 
440 MHz filter. It is clear that the dimensions on this 
drawing have been taken directly f rom the computer 
printout, but the sketch also shows how the walls of 
the box are to be joined together. The dimensions on 
the printout are for the electrical housing, which con-
sists of the copper conductor inside the box, and not 
the outside, mechanical dimensions. Keep in mind that 
the external dimensions of the box are not the critical 
factors. 

One of the more popular amateur construction ma-
terials is copper clad printed circuit board. It is widely 
available at low cost, is strong and stable, and it can 
be easily joined together by regular soldering tech-
niques to make boxes and circuit housings of any 
given size. It can be cut wi th a sheet metal shear or 
t in snips to fairly close tolerances, and so it is a good 
choice as the basic "bui ld ing b lock" material for a 
custom bandpass filter. Furthermore, copper is one 
of the best conductors for use at high frequencies as 
its electrical resistivity is quite low. Of the more com-
mon materials, only silver has better high-frequency 
conductivi ty, and it is considerably more expensive. 

To construct the filter housing of this example, we 
used 1/16 inch double-clad fiberglass epoxy board 
throughout. The top, bot tom, sides and end pieces 
of the filter's housing were cut to shape wi th a sheet 
metal shear, drilled to accept the resonator rods, and 
soldered together wi th " tack" joints, that is with small 
f lows of solder at intervals along the edges of the 
pieces to be joined. The pieces need not be soldered 
wi th a continuous seam, but a soldered tack should 
be used about every inch. This dimension corresponds 
to only about 5 percent of a wavelength, and so it 
ensures good electrical interconnection at all points 
along the copper. 

The most critical dimensions of the housing are the 
wid th of the filter, which is usually a quarter wave-
length, and the inside height of the cavity. A small 
piece of wood or metal wi th perpendicular faces is a 
good " j i g " to help solder the housing walls accurate-
ly. If you work carefully, you should be able to build 
a housing that 's both nearly square and accurate 
enough to take advantage of the custom design made 
possible w i th the computerized design aid described 
in this article. 

Because we want to hold all of the parts of this filter 
together wi th regular tin-lead solder, all of the parts 
obviously should be solderable. A good material for 
the filter rods is common copper tubing which is availa-
ble in a number of sizes in hardware and plumbing 
supply stores. For the design of this 440 MHz filter we 
chose 3 /8 inch tubing. The " 3 / 8 inch" refers to the 

(C.07mm) 

O ^ 5 ® 
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fig. 5. Sketch showing the top view of the 440-MHz fitter. 
The end walls are deliberately cut longer so they can be 
soldered to both sides of the side walls. 

outside dimension of the tubing, so the filter rod 
diameter measures approximately 0.375 inches. 

The choice of rod diameter is not entirely arbitrary, 
although it is not very critical, either. As a rule of 
thumb, the rod diameter should be roughly 1/3 the 
housing height. In general, large diameter rods have 
lower losses than smaller rods. This is because skin 
effect losses predominate at radio frequencies. A larger 
diameter rod has greater surface ar^a and, hence, less 
resistive loss than a smaller diameter rod. However, 
using a larger rod diameter can lead to mechanical dif-
ficulties. In this filter, for example, it was diff icult to 
solder the large 3 /8 inch diameter copper rods. These 
rods have fairly large masses and good thermal con-
ductivity, so a regular soldering iron, intended for 
lighter duty circuit board work, just wouldn ' t provide 
enough heat. In the end, it took th.e greater heat of 
a propane torch to solder the rods to the copper walls. 

The rods should be cut a bit longer than the cor-
rect length given by the printout. Then they are fit 
through holes drilled in the housing wall and soldered 
on both sides of the double clad circuit board, as 
shown in f i g . 6. A good solder joint on each side in-
creases the mechanical strength and improves ground-
ing. The interior lengths of the rods and the center-
to-center spacings between the rods are among the 
most critical dimensions affecting the frequency re-
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sponse of the filter, so measure them as carefully and 
precisely as possible. In spite of all the care you use 
in construction, however, it will almost certainly be 
necessary to peak tune the filter response. 

One simple way to tune the filter rod lengths is to 
load their open-circuited ends with variable capacitors. 
If the rods are just a bit shorter than the design calls 
for, then the small capacitance of a tuning screw at 
the open end will tune that element's resonant fre-
quency. This tuning compensates for the minor inac-
curacies which inevitably occur in construction. 

These tuning screws need good grounds at the 
points where they penetrate the wall. It is important 
to realize that it is the inside grounded surface that 
rgatters most, because the inside copper cladding 
forms the conductive boundary that contains the 
filter's electric fields. For this reason the tuning screws 
are supported by brass nuts soldered to the inside 
surface of the box. These nuts are visible in the overall 
photograph of the filter and especially in the close-up 
view, fig. 7. The nut makes a simple threaded sup-
port for the screw and serves as the low impedance 
path from the screw body to the ground plane. On the 
outside of the filter housing a second nut holds the 
screw firmly in place. This nut is tightened after all of 
the filter tuning is completed, and it ensures that the 
screw is tightly bound to the soldered-down nut and 
prevents it from moving and thereby detuning the 
filter. 

The computer program also lists the tap point 
distance, which is the position at which the external 
connectors pass through the walls and are coupled to 
the filter. The distance is given relative to the shorted 

fig. 6. An overall view of the 4 section 440-MHz bandpass filter. 
The top cover has been removed to show the internal detail. 

fig. 7. Close-up view of the 440-MHz filter showing details of 
the 50-ohm coaxial connector tap and of a tuning screw. 

end of the rods. This junction should be by a short 
length of wire or cable. The closeup view shown in 
fig. 7 shows how the connector's center pin has been 
joined to the end rod with a short length of solid wire. 
The actual tap point distances may need to be adjusted 
for best performance, but if the design value is used 
it will serve for most cases without change. 

tuning 
After the filter has been fully assembled, which 

means after all of the soldered joints are fully com-
pleted and the lop is well secured electrically to the 
sides, it is time to test and tune. 

Tuning microwave filters can be done in a number 
of ways. Several methods are described in reference 
1, but the simple procedure of "sight tuning," or tun-
ing by eye, is adequate for amateur filters, especially 
for filters with fewer than five or six sections. The basic 
principle involved is to tune for maximum signal at the 
center frequency, a process sometimes called syn-
chronous tuning. The tuning is interactive, which 
means that one adjustment affects the tuning of ad-
jacent elements, so it is necessary to return to each 
element once or twice to achieve peak performance. 

A basic test set that can be used to peak the per-
formance of any of the filters described here is shown 
in fig. 8. Inject a signal at the center frequency of the 
filter, detect or monitor the output power level, and 
tune for maximum. If the center frequency is within 
the ham bands, the input signal can be a transmitter 
or exciter. A signal generator can also be used. Har-
monics of lower frequency sources or crystal 
oscillators can be useful as well. For example, the third 
harmonic of a 2-meter transmitter falls within the 420 
to 450 MHz band and could be used to tune this filter. 
The signal detector can be a receiver with a signal level 
meter, a diode detector, a sensitive power meter or 
signal analyzer. Reference 6 describes many good low-
cost UHF test methods in detail. 
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Apply the test signal to one of the filter's connec 
tors and connect the signal detector to the other and 
tune each of the screws to achieve the maximum out 
put signal. The tuning range of this type of filter design 
is rather limited, which helps prevent tuning to the 
wrong harmonic, as can happen with broadly resonant 
circuits. This is a useful feature if the simple test set, 
with its potentially low spectral purity, is to be used. 

If the filter is properly designed and carefully con-
structed, the slight tuning range afforded by the tun-
ing screws should be sufficient. Each tuning screw 
should show a definite maximum. If it does not, this 
is an indication that the element which you are tun-
ing is not properly resonant. In such a case, the rod 
length must be corrected before the filter will operate 
properly. 

Once you've adjusted each tuning screw to yield the 
maximum output signal, go back and readjust each 
screw again slightly to peak the filter. If the filter 
response is not as calculated, and if the passband 
losses seem high even though each of the resonators 
gives a good peak tuning point, it may be necessary 
to adjust the tap points at the two end resonators. If 
no means of carefully measuring the losses is available, 
it is probably better to stay with the calculated tap 
dimensions. At this point the tuning is done. 

A more sophisticated measuring system is useful for 
measuring the actual performance of the filter. 
Figure 9 is a diagram of the test set which produced 
the swept frequency response of the filter examples. 
The input signal from a sweep generator scans across 
the frequency range in regular sweeps. A spectrum 
analyzer measures the output signal from the band-
pass filter, and provides a graphic plot of the filter's 
output signal across the frequency range swept by the 
signal generator. Because the power from the genera-
tor to the filter input is constant, the spectrum 
analyzer's display is a direct representation of the 
filter's attenuation at various frequencies. 

Figure 10 is the response of the 440-MHz filter. This 
graph is the plotter output from the test set described 
above. The filter was tuned using the simple single-
frequency method of peaking all adjustments for maxi-
mum signal at 440 MHz. With the aid of such sophis-
ticated test equipment it is possible to tune for im-
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fig. 10. Swept frequency response of the four section 440-MHz 
filter. The horizontal scale is 5 MHz per division and the verti-
cal scale is 10 dB per division. The spectrum analyzer settings 
were recorded automatically at the top of the plot. 

proved passband flatness or for more precise centering 
if desired, but this clearly was not necessary in this 
case. 

In summary, the 440 MHz bandpass filter example 
fully met its design goals of low cost, simple con-
struction and easy adjustment, and it produced the 
desired electrical performance. The filter is physically 
small enough and sufficiently sturdy to be used in a 
fixed base system, although mechanical improvements 
would be needed for mobile service. This general con-
struction technique using copper clad board and 
tubular copper or brass resonators has been applied 
to successfully build filters for the amateur bands from 
440 to 2304 MHz. 

1296 MHz filter 
The second example of the use of this program is 

a bandpass filter centered at 1296 MHz with a desired 
ripple bandwidth of 20 MHz, a passband ripple of 0.25 
dB and rejection points of 35 dB and 50 dB specified. 
Using these data, a few iterations with the program 
revealed that a four-section filter would again meet the 
requirements. 
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fig. 11. Mechanical details of the 1296-MHz filter housing. This housing is machined from aluminum stock. The top cover, 
not shown, is made from 0.06 sheet aluminum. 

If the construction techniques used to build the 
440-MHz filter seemed spartan, then this 1296 MHz 
filter is by contrast decidedly upscale. In order to prove 
that close tolerance construction could give good 
agreement with the computed data, a machined 
aluminum housing was used for this filter. Machining 
a housing using a metal milling machine gives precise 
control of the housing dimensions. This housing is 
considerably more accurate than the hand-made struc-
ture described in the first example. 

The mechanical data supplied by the program were 
used to make a sketch, shown in fig. 11, of a housing 
that could be manufactured simply on a metal milling 
machine. The elements, machined from 0.125 inch 
brass rod stock (a standard size) were tightly "press 
f i t " into holes in the housing walls. The rods are held 
tightly in position with a small setscrew once the exact 
interior lengths were determined. At the input and out-

put ends of the filter SMA type connectors were in-
stalled so that their center pins contacted the rods at 
the tap point calculated by the computer program. 
Small diameter tuning screws were installed in the 
threaded holes in the walls opposite the open circuit 
end of each resonator rod. These screws, as in the 
440-MHz filter, make it possible to fine-tune the filter 
passband. A top cover of 0.06-inch aluminum sheet 
was attached by eight screws that go into the threaded 
holes along the top edge of the housing. The 
photographs of this filter, figs. 12 and 13, show the 
construction details clearly. (Note: while 0-80 screws 
are specified in the construction drawings, 2-56 screws 
could be used as well.) 

The housing was manufactured by machinists in a 
small shop, working from a simple sketch of the 
housing and cutting the aluminum stock with hand-
operated machinery. In order to reduce costs, we 
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fig. 12. An overall view of the machined 1296-MHz filter. The 
sheet metal cover has been removed to show the internal 
cavity and the 4 resonator rods. 

fig. 13. Close-up details of the 1296-MHz filter. The S M A con-
nector center pin is clearly visible where it passes through 
the housing wall and contacts the end resonator rod. The 
small tuning screw at the end of the second resonator is also 
seen. 

asked t"he shop to produce only a blank housing. They 
machined away the cavity to the precise 0.500 inch 
depth and drilled locating holes for the resonator rods, 
the tuning scews, the end connectors and the cover 
mounting screws, but they did not tap any of the 
holes. We were then able to finish the mechanical 
work by doing the time-consuming hand-tapping of 
all of the threaded holes. This reduced the cost of the 
housing by more than a third. Even so, the cost was 
in the $50.00 range, which may be justifiable only 
when precise results are essential. 

However, the care and expense expended on the 
precise housing produced a filter that was nearly on 
frequency at first try, with precisely the initial resonator 
length settings that the computer predicted. Fine ad-
justments of the trimmer screws centered the pass-
band precisely. Figure 14 shows a plot of the swept 
RF response of the filter. Superimposed on the plot 

are circles that indicate the expected response 
calculated by the computer prediction. The calculated 
and actual values are in close agreement throughout 
the passband, and the rejection skirts are close to the 
computed values as well. 

As before, the filter was peaked using the simple, 
single-frequency approach in order to illustrate the 
results obtainable with simple equipment. The test set 
used to make the swept frequency response plot was 
the same as that used in the 440 MHz filter tests. 

This 1296 MHz filter, with its careful and precisely 
machined construction, shows the power and ac-
curacy of the computer routine. The construction 
technique is a good one, and a simple metal milling 
machine, and perhaps even a drill press, can be used 
to make housings such as this one. 

The use of 0.125 inch brass stock for the resonator 
rods was a bit of a compromise. It would have been 
better to use a somewhat larger diameter rod to reduce 
skin effect losses, but the 0.125-inch stock was on 
hand. Also, although brass rod is a good choice from 
a mechanical viewpoint, it is not a very good conduc-
tor of RF energy because its resistivity is about four 
times worse than copper's. Aluminum rods would be 
better than brass, because aluminum is both stronger 
and a better conductor, but with aluminum rods the 
tap point connections couldn't be easily soldered. 
Tradeoffs, as always, seemed to abound. 

conclusion 
This program is a powerful tool that greatly 

simplifies the selection and design of bandpass filters. 
The interdigital structure is useful from UHF to 
microwave frequencies, and provides good selectivi-
ty, low loss, small size, and an ease of construction 
that makes it suitable for many applications. The ease 
with which many different designs can be evaluated 
in software means that Amateurs can custom-design 
filters for specific applications and need not merely 
copy published designs that only approximate their re-
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fig. 14. Frequency response curve of the 1296-MHz four sec-
tion bandpass filter. The circles indicate the response com-
puted by the program. 
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AIR-WOUND INDUCTORS 

B&W Miniductors® and Air-Dux® have been 
the industry standard for over 50 years, 
wherever radio-frequency coils are used. 

• For the experimenter, the radio amateur, the 
manufacturer 

• Available in diameters from W to 6" 
• Wire sizes from #24 to #8 AWG 
• Also edge-wound and tubing colls for high-power 

applications. 
Call or write for complete specifications, 

_ ALL OUR PRODUCTS MADE IN USA 

(m^Mjjm BARKER ft WILL IAMSON 
^ ^ S S ^ Quality Communication Products Since 1932 

SAt your Distributors. Write or Call. 
10 Canal Street, Bristol PA 19007 
(215) 788-5581 

quirements. The widespread use of home computers 
together with software written specifically for Radio 
Amateurs should make possible a new generation of 
home-built equipment designs. 
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4111: 2 Meter Power Amplif ier 
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20 Watt Input - 100 Watt Output 

4112: 220 MHz Power Ampli f ier 
2 Watt Input - 25 Watt Output 
25 Watt Input - 100 Watt Output 

4114: 2 Meter Power Amplif ier 
2 Watt Input - 100 Watt Output 

These basic amplifers, with the low noise advantages of MOSFETs, require a 12-16 
Vdc power source. Mounted on an 8%" rack panel with a large heat sink, they "are 
designed for continuous duty at full power output when cooled with a small, 
customer supplied, fan. Mounting provisions and control thermostat are supplied. 
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basic gamma matching 
Simplify antenna matching 

with this BASIC program 
and your microcomputer 

Antenna homebrewers have found the gamma 
match to be an ideal choice for matching a coaxial 
feedline to an all-metal radiator. It is simple to build, 
adds little weight and wind loading, is very strong 
mechanically, and allows you to match an unbalanced 
transmission line to either an unbalanced or balanced 
antenna. 

Unfortunately, it isn't always easy to obtain a good 
match, and many have aborted their attempts in frus-
tration. The problem is that initial gamma match di-
mensions are generally chosen arbitrarily. Sometimes 
you may be lucky and choose a reasonable starting 
point, but just as often your initial dimensions won' t 
even be close. In this case you may spend hours on 
the tower going in circles looking for a match. 

Formulas that allow you to generate gamma match 
designs are available.' However, the math involved is 
tedious, especially if several iterations must be per-
formed. A home computer can simplify these calcula-
tions, allowing a variety of gamma matching networks 
to be examined in just a few minutes. A program that 
will design a gamma match for practically any Yagi 
or vertical antenna is presented here. While de-
signed for the Apple II + , the program will work equal-
ly well wi th any microcomputer with only a few 
modifications. 

background 
The design of the gamma match is represented in 

fig. 1, and the schematic of the equivalent electrical 
circuit2 in fig. 2. The circuit consists of a gamma rod 
and a resonating capacitor. The gamma rod of 
diameter d and length L runs parallel to the driven 
element of diameter D, separated by the center to 
center spacing S. It provides the desired resistance 
transformation, but at the same time introduces in-
ductive reactance at the feed point. The gamma 
capacitor compensates for the inductive reactance, 
leaving only a resistive component. 

Any of several gamma capacitors may be used. An 
air variable with adequate plate spacing for the anti-
cipated power level is the usual choice. It may be 

mounted in a small weather resistant enclosure and 
connected to the gamma rod by means of a feed-
through insulator. Another method is to construct a 
coaxial capacitor within the gamma rod. This tech-
nique has been successfully applied by many commer-
cial manufacturers and basement engineers.3 

The shorting bar that determines length L general-
ly takes the form of a strap, bent to conform to the 
driven element and gamma rod and secured with 
screws. When very long gamma rods are required, as 
when shunt feeding towers on the lower frequencies, 
a wire may be used for the gamma rod. If the diameter 

fig. 1. A representation of the mechanical design of the 
gamma match. 

fig. 2. Schematic diagram of the gamma match. The an-
tenna impedance R + jX is transformed to the feedline 
resistance Zg by the gamma rod Xp and gamma 
capacitor - X „ . 

By Richard A. Nelson, WB0IKIM, Analog 
Technology, P.O. Box 8964, Fort Collins, Colorado 
80525 
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10 HOME : CLEAR 
20 PRINT "GAMMA MATCH DESIGN" 
30 PRINT "BY RICHARD A. NELSON - WB0IKN" 
40 PRINT 
50 DEF FN CSH(X) = LOG <X + SQR (X * X - 1)> 
60 PRINT "ENTER <M> FOR MONOPOLE" 
70 INPUT "ENTER <D> FOR DIPOLE > ";DM* 
80 IF DM* = "D" OR DM* = "M" THEN GOTO 100 
90 GOTO 60 
100 INPUT "ENTER FREQ IN MHZ > "?F 
110 INPUT "ENTER FEEDPOINT RESISTANCE > ";RA 
120 IF DM* = "D" THEN RA = RA / 2 
130 INPUT "ENTER FEEDPOINT REACTANCE > ";XA 
140 IF DM* = "D" THEN XA = XA / 2 
150 INPUT "ENTER FEEDLINE RESISTANCE > "; RO 
160 PRINT : PRINT 
170 PRINT "(THE FOLLOWING ARE IN INCHES)" 
180 PRINT : INPUT "ENTER DRIVEN ELEMENT DIAMETER > "iDE 
190 INPUT "ENTER GAMMA ROD DIAMETER > "5DG 
200 INPUT "ENTER GAMMA ROD SPACING > ";S 
210 HZ = (1 + <( FN CSH((4 * S * S - DE * DE + DG * DG) / (4 * S * DG)>) 

/ ( FN CSH((4 * S * S + DE * DE - DG * DG) / (4 * S * DE))))) ~ 2 
220 ZO = 60 * FN CSH((4 * S * S - DE * DE - DG * DG) / (2 * DE * DG)) 
230 T = HZ / ZO 
240 A = <(RO * XA) / (HZ * RA - RO)) 
250 B = (RO * ( (RA) ^ 2 + (XA) A 2) ) / (HZ * RA - RO) 
260 Q = A + SQR (A * A + B) 
270 XS = HZ * ((RO * XA + SQR ((RO * XA) - 2 + RO * (HZ * RA - RO) * (( 

RA) A 2 + (XA) ~ 2))) / (HZ * RA - RO)) 
280 LDGA = ATN (Q * T) 
290 LDG = (LDGA * 360) / (2 * 3.14159) 
300 E = (RO / RA) * (((RA) ^ 2 + (XA) A 2) / Q) 
310 G = (RO / RA) * XA 
320 CR = 1000000 / (2 * 3.14159 * (E + G) * F) 
330 HOME 
340 IF DM* = "D" THEN RA = RA * 2: IF DM* = "D" THEN XA = XA * 2 
350 PRINT 
360 IF DM* = "D" THEN PRINT "DIPOLE ANTENNA" 
370 IF DM* = "M" THEN PRINT "MONOPOLE ANTENNA" 
380 PRINT 
390 PRINT "FREQUENCY (MHZ) = ";F 
400 PRINT "DRIVEN ELEMENT DIAM = ";DE 
410 PRINT "GAMMA ROD DIAM = "5DG 
420 PRINT "GAMMA ROD SPACING = "!S 
430 PRINT "DRIVEN ELEMENT RESISTANCE = "jRA 
440 PRINT "DRIVEN ELEMENT REACTANCE = ";XA 
450 PRINT "FEEDLINE RESISTANCE = ";RO 
460 PRINT 
470 PRINT "GAMMA LENGTH (DEGREES) > "5LDG 
480 FT = (94B / F) * (LDG / 360): PRINT "GAMMA LENGTH (FEET) > ";FT 
490 IN = FT * 12: PRINT "GAMMA LENGTH (IN) > ";IN 
500 CM = IN * 2.54: PRINT "GAMMA LENGTH (CM) > ";CM 
510 PRINT "GAMMA CAP IN PF > "; CR 
520 PRINT : PRINT "TYPE ANY KEY TO CONTINUE >": GET T*: GOTO 10 

f ig . 3. A l is t ing of the p rog ram fo r an App le II + compu te r . S imple mod i f i ca t ions w i l l a l l ow the p rogram to be used w i t h 
pract ica l ly any h o m e compute r . 
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D I P O L E A N T E N N A 

F R E Q U E N C Y (MHZ) = 1 4 . 2 
D R I V E N E L E M E N T D I A M = 1 . 5 
GAMMA ROD D I A M = . 2 5 
SAMMA ROD S P A C I N G = 6 
D R I V E N E L E M E N T R E S I S T A N C E = 2 0 
D R I V E N E L E M E N T R E A C T A N C E = 7 . 5 
F E E D L I N E R E S I S T A N C E = 5 0 

GAMMA L E N G T H ( D E G R E E S ) > 2 5 . 3 1 9 4 0 3 3 
GAMMA L E N G T H ( F E E T ) > 4 . 6 9 5 3 8 2 3 1 
GAMMA L E N G T H ( I N ) 5 6 . 3 4 4 5 8 7 7 
GAMMA L E N G T H (CM) > 1 4 3 . 1 1 5 2 5 3 
GAMMA C A P I N P F > 2 4 1 . 8 9 4 1 8 4 

D I P O L E A N T E N N A 

GAMMA MATCH D E S I G N 
B Y R I C H A R D A . N E L S O N - W B 0 I K N 

E N T E R <M> F O R MONOPOLE 
E N T E R < D > F O R D I P O L E > D 
E N T E R F R E Q I N MHZ > 1 4 . 2 0 0 
E N T E R F E E D P O I N T R E S I S T A N C E > 2 0 . 0 
E N T E R F E E D P O I N T R E A C T A N C E > + 7 . 5 
E N T E R F E E D L I N E R E S I S T A N C E > 5 0 

( T H E F O L L O W I N G A R E I N I N C H E S ) 

E N T E R D R I V E N E L E M E N T D I A M E T E R > 1 . 5 
E N T E R GAMMA ROD D I A M E T E R > . 2 5 
E N T E R GAMMA ROD S P A C I N G > 3 . 0 

D I P O L E A N T E N N A 

F R E Q U E N C Y (MHZ) = 1 4 . 2 
D R I V E N E L E M E N T D I A M = 1 . 5 
GAMMA ROD D I A M = . 2 5 
GAMMA R O D S P A C I N G = 3 
D R I V E N E L E M E N T R E S I S T A N C E = 2 0 
D R I V E N E L E M E N T R E A C T A N C E = 7 . 5 
F E E D L I N E R E S I S T A N C E = 5 0 

GAMMA L E N G T H ( D E G R E E S ) > 2 8 . 7 9 8 4 5 8 8 
GAMMA L E N G T H ( F E E T ) > 5 . 3 4 0 5 5 9 2 7 
GAMMA L E N G T H ( I N ) > 6 4 . 0 8 6 7 1 1 2 
GAMMA L E N G T H (CM) > 1 6 2 . 7 8 0 2 4 6 
GAMMA C A P I N P F > I B S . 9 2 2 1 3 

T Y P E A N Y K E Y T O C O N T I N U E > 

fig. 4. The screen display for a sample run showing the 
sequence of data entry and output. 

is too small to provide a match, a "cage" may be con-
structed, using several wires to effectively create a 
cylinder at the required radius. Variations in gamma 
match design are limited only by the mechanical and 
electrical integrity of the structure. This versatility 
greatly adds to the gamma's usefulness. 

about the program 
A listing of the program for the Apple II + computer 

is shown in fig. 3. Although written specifically for 
the Apple, I tried to keep the number of commands 
unique to Applesoft to a minimum. It should be easy 
for owners of other brands of microcomputers to 
translate the program for use on their machine. 

Lines 10 through 40 clear the memory and the 
screen, and print the heading. Line 50 defines the 
inverse hyperbolic cosine function needed in the calcu-
lations. Lines 60 through 150 input data regarding the 
antenna and feedline, and lines 180 through 200 input 
the driven element diameter and anticipated gamma 
match constants (gamma rod diameter and spacing). 
Lines 210 through 320 perform the calculations of 
gamma rod length and capacitance. Note that since 

F R E Q U E N C Y (MHZ) = 1 4 . 2 
D R I V E N E L E M E N T D I A M = 1 . 5 
GAMMA ROD D I A M = . 5 
GAMMA ROD S P A C I N G = 3 
D R I V E N E L E M E N T R E S I S T A N C E = 20 
D R I V E N E L E M E N T R E A C T A N C E = 7 . 5 
F E E D L I N E R E S I S T A N C E = 5 0 

GAMMA L E N G T H ( D E G R E E S ) > 3 8 . 3 4 0 6 1 9 9 
GAMMA L E N G T H ( F E E T ) > 7 . 1 1 0 1 1 4 9 5 
GAMMA L E N G T H ( I N ) > 8 5 . 3 2 1 3 7 9 4 
GAMMA L E N G T H (CM) > 2 1 6 . 7 1 6 3 0 4 
GAMMA C A F I N P F > 2 6 2 . 1 0 0 8 1 6 

j fig. 5. Calculated results for two additional runs on the 
| antenna in fig. 4. 

a gamma match essentially loads into only one side 
of a dipole, the feedpoint impedance of a dipole an-
tenna must be divided in half before performing calcu-
lations. This is done by lines 120 and 140. Line 340 
restores the original impedance value before out-
putting data. Line 330 clears the screen and lines 360 
through 510 output the specified and calculated data. 
Line 520 returns the program to the beginning. 

Once you have the program running, you may wish 
to add custom features. For example, you could 
change line 520 to allow you to either return to the 
beginning, or to line 180 if you want to evaluate a dif-
ferent gamma match design without changing the an-
tenna parameters. If you'd like hard copy of the data, 
you could add the appropriate "printer on" and 
"printer off" commands between lines 330 and 340, 
and 510 and 520 respectively. For an Apple II the com-
mands would look like this: 

335 PR#1 
515 PRS0 

Another possibility is a "WILL NOT M A T C H " 
message in response to a divide-by-zero error (for 
Apples, use ONERR GOTO), indicating that a different 
design should be tried. I included all of these in my 
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original program, but they were eliminated in the 
version presented here in order to simplify program 
entry and translation. 

The hardest part of using this program will be deter-
mining the driven element impedance. Fortunately, the 
feedpoint characteristics of most common antennas 
are sufficiently documented to provide good data. The 
error introduced by "guesstimating" will in many cases 
be better than typical homebrew construction toler-
ances. If you have a noise bridge or impedance meter 
you should have no trouble determining the feedpoint 
impedance. Refer to any of the standard antenna texts 
if you are unsure about a particular antenna. 

Once you have the impedance data — assuming 
that you know the diameter of your driven element 
and gamma rod — select an arbitrary gamma rod 
spacing. Start with an estimate based on mechanical 
and "eyeballed" electrical considerations. Three inches 
is a bit small for a shunt-fed tower, and a foot is ob-
viously too big for a 2-meter Yagi. 

Load and run the program. It will begin by asking 
whether you are evaluating a dipole or a monopole. 
Then it will request the values of a number of 
constants — feedpoint impedance, design frequency, 
etc. After all data has been entered, the computer will 
calculate and display the gamma rod length and the 
value of the gamma capacitor. If these values are not 
acceptable, run the program again, trying a different 
gamma rod spacing, and/or a different gamma rod 
diameter (if practical). You can vary the feedpoint im-
pedance by slightly changing the length of the driven 
element. By examining a variety of alternative designs 
you can find the best combination, with reasonable 
mechanical and electrical parameters. If the antenna 
is not suitable for gamma matching, you can learn 
this quickly, without wasting hours in hands-on 
experimentation. 

design examples 
To demonstrate program operation, and to allow 

you to check operation once the program is keyed in, 
I will present several design examples. 

Figure 4 shows the screen display on a run for a 
computer generated six-element, 20-meter Yagi de-
sign by Lawson.4 The calculated feedpoint impedance 
of the antenna is 20 + j7.5ohms. In this example, I've 
assumed 1.5-inch (38.1-mm) diameter element cen-
ters, a gamma rod diameter of 0.25 inch (6.35 mm), 
and a gamma rod spacing of 3 inches (76.2 mm). 
Figure 5 shows the results of two additional gamma 
match designs for this antenna. In fig. 5A the 
gamma rod spacing has been increased to 6 inches 
(152.4 mm), and in fig. 5B the gamma rod diameter 
has been increased to 0.5 inch (12.7 mm). 

Figure 6 shows the results for a monopole approxi-
mately 1/4-wavelength high. In this case the gamma 
rod is a length of No. 10 wire (approximate diameter 

MONOPOLE ANTENNA 

FREQUENCY (MHZ) = 3.8 
DRIVEN ELEMENT DIAM = 12 
GAMMA ROD DIAM = .1 
GAMMA ROD SPACING = 12 
DRIVEN ELEMENT RESISTANCE = 33 
DRIVEN ELEMENT REACTANCE = 1.3 
FEEDLINE RESISTANCE = 50 

GAMMA LENGTH (DEGREES) > 44.8174331 
GAMMA LENGTH (FEET) > 31.0576949 
GAMMA LENGTH (IN) > 372.692339 
GAMMA LENGTH (CM) > 946.638541 
GAMMA CAP IN PF > 122.616005 

MONOPOLE ANTENNA 

FREQUENCY (MHZ) = 3.B 
DRIVEN ELEMENT DIAM = 12 
GAMMA ROD DIAM = .1 
GAMMA ROD SPACING = 12 
DRIVEN ELEMENT RESISTANCE = 25 
DRIVEN ELEMENT REACTANCE = -38 
FEEDLINE RESISTANCE = 50 

GAMMA LENGTH (DEGREES) > 53.731520B 
GAMMA LENGTH (FEET) > 37.2350012 
GAMMA LENGTH (IN) > 446.820015 
GAMMA LENGTH (CM) > 1134.92284 
GAMMA CAP IN PF > 76.9934529 

fig. 6. Results of two runs on a 75-meter vertical mono-
pole antenna. 

= 0.1 inch or 2.54 mm). Run A is for a 60-foot 
(18.3-meter) tower used as vertical radiator on 3.8 
MHz. Computer analysis shows its impedance to be 
approximately 33 + j1.3 ohms. Run B is for a 
55-foot (16.8-meter) tower operated on the same fre-
quency. The results show how a smaller gamma 
capacitor may be used if the radiator is made capaci-
tively reactive by reducing its overall height. 

I have used this program to design gamma matching 
networks for a 20-meter Yagi and a 2-meter cubical 
quad. In both cases the results were superb. No 
trimming of the gamma rod was necessary. Adjust-
ment of the variable capacitors was all that was needed 
to achieve a 1:1 VSWR. The normal trial and error 
process was totally eliminated. 

references 
1. Harold F. Tolles, W7ITB, " H o w to Design Gamma Matching Networks," 
ham radio, May, 1973, page 46. 
2. D.J. Healey, III, W3PG, " A n Examination of the Gamma Match, " QST, 
April, 1969, page 13. 
3. Fred Reynolds, W2VS, "Simple Gamma Match Construction," QST, 
July, 1957, page 30. 
4. James L. Lawson, W2PV, "Yagi Antenna Design," ham radio. July, 1980, 
page 19. 
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determining basic moon coordinates 

Track the moon 

with this 

computer program 

Serious E M E (Earth-Moon-Earth) communicat ion 
requires a way of accurately determining the position 
of the moon. Of the several ways this can be done, 
moon-tracking by computer is one of the more 
convenient. 

The program described here runs on TRS-80 models 
l / l l l with a minimum of 16K RAM and either level l l / l l l 
or disk BASIC; it should run on other computers as 
well with only minimal changes. With your QTH as 
the point of reference, it provides readings of azimuth, 
elevation, GHA, declination, and right-ascension of the 
moon as well as relative path loss, local time of day 
and local sidereal time (LST). The positional data are 
expressed in topocentric values — i.e., they've been 
corrected for your location on the surface of the earth. 
(Many other moon tracking programs provide geocen-
tric data referenced to the center of the earth.) 

To output the above information, you simply input 
your latitude and longitude and the day(s) and time(s) 
in GMT (Greenwich Mean Time). The computer dis-
plays the information on the CRT monitor, and/or 
sends it to the printer. Figure 1 shows a sample out-
put for W2WD (40 degrees 39 minutes North, 74 de-
grees 22.5 minutes West) on June 8, 1983. Although 
this output came from the printer, the CRT display was 
similar; the data appears on the printer at the same 
time it's displayed on the CRT. 

keyboard input data 
Figure 2 shows a screen printout of the inputs re-

quired to produce the output data discussed above. 

After loading, RUN " M O O N " < ENTER> starts the 
program from either level II or disk BASIC. Once initi-
ated, the logo appears and suggests a listing of lines 
1000-1360 if you need a short description of the pro-
gram. If you hit < ENTER > to go on, the computer 
asks, WHAT ARE THE STATION CALL LETTERS? 
(As shown, I entered W2WD.) Next, the computer 
asks WHAT IS YOUR LOCAL TIME (EST, EDT, PST, 
etc.)? (The reply was EST.) and then, HOW MANY 
HOURS/MINUTES DIFFERENCE FROM GMT? USE 
+ IF EARLIER, - IF LATER (e.g., EST would be 
-0500) . (The answer was -0500.) Next it asks, 
YOUR LATITUDE (DEGREES, MINUTES) 
+ NORTH/ - SOUTH? (In my case this was 40,39 for 

40 degrees and 39 minutes north latitude. If you are 
in the southern hemisphere, you must use a negative 
sign, e.g., -40,39. ) Longitude is entered in a similar 
fashion. (My input was 74,22.5 for 74 degrees and 22.5 
minutes west longitude.) Use a negative sign ( - ) for 
east longitude. 

The accuracy of the final calculations depends on 
the precisely accurate determination of your geodetic 
locat ion. Your t o w n manager or c i ty engineer may be 

able to help. If not, you can use maps sold by the U.S. 
Geological Survey, especially those drawn to 1:24,000 
scale. Some automotible road maps may show suffi-
cient detail to allow fairly close determination of your 
location. 

The next information to be inputted is the DESIRED 
PRINTING INCREMENT IN MINUTES (1-60). I used 
20 minutes between each line of output data, but this 
can be anything between 1 and 60 minutes. Positions 
can be determined for time intervals of less than 1 min-
ute apart, but the displays and printouts, as the pro-
gram is now written, will round the results to incre-
ments of full minutes — i.e., if you need data every 
6 seconds (0.1 minutes), you can input 0.1 as the print-

By Warren Butler, W2WD, 2305 Morse Avenue, 
Scotch Plains, New Jersey 07076 
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P O S I T I O N O F T H E M O O N O N 6 / 8 / 1 9 8 3 G M T F R O M W 2 W D 

G M T G H A D E C L S T E S T A 2 E L 
0 8 0 0 3 3 7 . 2 + 1 0 5 2 0 0 6 0 3 0 0 7 7 . 4 1 . 4 
0 8 2 0 3 4 2 . 0 + 1 0 5 2 0 2 6 0 3 2 0 8 0 . 5 5 . 1 
0 8 4 0 3 4 6 . 8 + 1 0 6 2 0 4 6 0 3 4 0 8 3 . 5 8 . 7 

0 9 0 0 3 5 1 . 7 + 1 0 ~7 
/ 2 1 0 6 0 4 0 0 8 6 . 5 4 n c 1 i l . wJ 

0 9 2 0 3 5 6 . 5 + 1 0 8 2 1 2 6 0 4 2 0 8 9 . 6 1 6 . 2 

0 9 4 0 1 . 4 + 1 0 9 2 1 4 7 0 4 4 0 9 2 . 7 1 9 . 9 

l O O O 6 . 2 + 1 0 9 2 2 0 7 0 5 0 0 9 5 . 9 2 3 . 6 

1 0 2 0 1 1 . 1 + 11 0 *"•1 "~J 1 y 0 5 2 0 2 7 . 4 

1 0 4 0 1 5 . 9 + 11 1 2 2 4 7 0 5 4 0 1 0 2 . 7 3 1 . 0 
1 1 0 0 2 0 . 8 + 11 2 3 0 7 0 6 0 0 1 0 6 . 4 3 4 . 6 
1 1 2 0 2 5 . 7 + 11 yt 2 ^ 2 7 0 6 2 0 1 1 0 . 4 3 8 . 2 
1 1 4 0 3 0 . 6 + 11 77; 2 ^ 4 7 0 6 4 0 1 1 4 . 7 4 1 . 7 
1 2 0 0 3 5 . 5 + 11 4 0 0 0 7 0 7 0 0 1 1 9 . 4 4 5 . 0 
1 2 2 0 4 0 . 3 + 11 5 0 0 2 7 0 7 2 0 1 2 4 . 6 4 8 . 2 
1 2 4 0 4 5 . 2 + 11 6 0 0 4 7 0 7 4 0 1 3 0 . 3 5 1 . 2 

1 3 0 0 5 0 . 1 + 11 6 0 1 0 7 0 8 0 0 1 3 6 . 8 5 4 . 0 

1 3 2 0 5 5 . 0 + 11 7 0 1 2 7 0 8 2 0 1 4 4 . 1 5 6 . 4 

1 3 4 0 5 9 . 9 + 11 8 0 1 4 7 0 8 4 0 1 5 2 . 1 5 8 . 5 

1 4 0 0 6 4 . 8 + 11 9 0 2 0 7 0 9 0 0 1 6 1 . 0 6 0 . 0 

1 4 2 0 6 9 . 7 + 11 9 U 0 2 2 7 0 9 2 0 1 7 0 . 5 6 1 . 0 
1 4 4 0 7 4 . 6 + 1 2 O U 0 2 4 7 0 9 4 0 1 8 0 . 4 6 1 . 4 
1 5 0 0 7 9 . 5 + 1 2 1 U 0 3 0 7 1 0 0 0 1 9 0 . 4 6 1 . 1 
1 5 2 0 8 4 . 4 + 1 2 2 U 0 3 2 7 1 0 2 0 2 0 0 . O 6 0 . 2 

1 5 4 0 8 9 . 3 + 1 2 2 U 0 3 4 8 1 0 4 0 2 0 8 . 9 5 8 . 7 

1 6 0 0 9 4 . 2 + 1 2 3 U 0 4 0 8 1 1 0 0 2 1 7 . 1 5 6 . 7 

1 6 2 0 9 9 . 1 + 1 2 3 W 0 4 2 8 1 1 2 0 2 2 4 . 4 5 4 . 4 

1 6 4 0 1 0 3 . 9 + 1 2 4 W 0 4 4 8 1 1 4 0 2 3 1 . 0 5 1 . 7 

1 7 0 0 l O S . 8 + 1 2 5 W 0 5 0 8 1 2 0 0 2 3 6 . 8 4 8 . 7 

1 7 2 0 1 1 3 . 7 + 1 2 5 W 0 5 2 8 1 2 2 0 2 4 2 . 1 4 5 . 6 

1 7 4 0 1 1 8 . 6 + 1 2 6 W 0 5 4 8 1 2 4 0 2 4 6 . 9 4 2 . 3 

1 8 0 0 1 2 3 . 5 + 1 2 7 W 0 6 0 8 1 3 0 0 2 5 1 . 3 3 8 . 9 

1 8 2 0 1 2 8 . 3 + 1 2 7 W 0 6 2 8 1 3 2 0 2 5 5 . 3 3 5 . 4 

1 8 4 0 1 3 3 . 2 + 1 2 8 J 0 6 4 8 1 3 4 0 2 5 9 . 1 3 1 . 8 

1 9 0 0 1 v!) 0 a 1 + 1 2 8 J 0 7 0 8 1 4 0 0 2 6 2 . 6 2 8 . 2 

1 9 2 0 1 4 2 . 9 + 1 2 9 J 0 7 2 8 1 4 2 0 2 6 6 . O 2 4 . 6 

1 9 4 0 1 4 7 . 7 + 1 2 9 J 0 7 4 8 1 4 4 0 2 6 9 . 3 2 1 . 0 

2 0 0 0 1 5 2 . 6 + 1 3 O J 0 8 0 8 1 5 0 0 2 7 2 . 5 1 7 . 3 

2 0 2 0 1 5 7 . 4 + 1 3 1 J 0 8 2 8 1 5 2 0 2 7 5 . 6 i T ~7 
1 w • / 

2 0 4 0 1 6 2 . 3 + 1 3 1 0 8 4 8 1 5 4 0 2 7 8 . 7 1 0 . 1 

2 1 0 0 1 6 7 . 1 + 1 3 -> 0 9 0 8 1 6 0 0 2 8 1 . B 6 . 5 

2 1 2 0 1 7 1 . 9 + 1 3 2 0 9 2 8 1 6 2 0 2 8 4 . 9 3 . O 

R . A . O F M O O N = 0 3 0 8 P A T H - L O S S I N C R E A S E + 1 . 3 D B 

fig 1. M o o n coordinate printout for W 2 W D on 8 June 1983. 

ing increment. You'll get ten different lines of data for 
every minute of readout, but the GMT, LST, and your 
local time will not change until the data for the follow-
ing minute appears, etc. If this is an important use, 

you can modify the program to print out the timels) 
to the resolution needed. 

For EME operators who use ground reflection for 
added gain or cannot elevate their antennas, the pro-
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WHAT ARE THE STATION CALL LETTERS ? W2WD 
WHAT IS YOUR LOCAL TIME (EST, EDT, PST, ETC.) ? EST 
HOW MANY HOURS/MINUTES DIFFERENCE FROM GMT? 

USE + IF EARLIER, - IF LATER 
(EG., EST WOULD BE -0500)? -0500 

WHAT IS YOUR LATITUDE (DEGREES,MINUTES) 
+ NORTH / - SOUTH ? 40,39.0 
WHAT IS YOUR LONGITUDE (DEGREES,MINUTES) 
+ WEST / - EAST ? 74,22.5 
WHAT IS THE DESIRED PRINTING INCREMENT IN MINUTES (1-60)? 20 
DO YOU ONLY WANT PRINTOUT WHEN THE MOON IS NEAR THE HORIZON 
(YES/NO)? NO 
DO YOU WANT HARDCOPY (YES/NO)? YES 

INPUT - GMT MONTH, DAY, YEAR, TIME BEGINNING, TIME ENDING 
USE 4—DIGITS FOR YEAR AND 24-HOUR CLOCK 
ENTER DATA FOR UP TO 31 DAYS. 
HIT <ENTER> AFTER LAST ENTRY 

DATE 1 (MM,DD,YYYY,TTTT,TTTT) ? 6,8,1983,0,2400 
DATE 2 (MM,DD,YYYY,TTTT,TTTT) ? 0_ 

fig. 2. Screen printout of input commands. 

gram has an option to print or display data only when 
the moon is near the horizon. In this case you answer 
YES to DO YOU ONLY WANT PRINTOUT WHEN 
THE MOON IS NEAR THE HORIZON (YES/NO)? (I 
operate with a polar-mounted antenna so I answer NO 
to this question.) If you answer YES, you will be asked 
to reply to BELOW WHAT ELEVATION IN DEGREES 
DO YOU WANT PRINTOUT? You then enter the max-
imum elevation angle you're interested in. 

If you don't have a printer or don't want hard copy, 
answer NO to DO YOU WANT HARDCOPY (YES/ 
NO)? If you have a printer and answer YES but the 
printer is not turned on, the computer will reply PRINT-
ER NOT READY. The program won't hang up, but 
will repeat the question until you either answer NO or 
turn on the printer. 

At this point, you specify the date-time periods for 
the output data. These must be entered in GMT for-
mat. It is necessary to use four digits for the year; don't 
use 85, if you mean 1985! Similarly, time is inputted 
with four digits using a 24-hour clock for both the start-
ing and ending points. You don't have to start the data 
at 0000 and end at 2400; they can be set according 
to your operating requirements. For the low-elevation-
only option, you don't need to enter time spans be-
cause the computer will print only data meeting your 
criteria of when the elevation of the moon is below 
the angle you have specified earlier. 

You can enter up to 31 dates for any given run. The 
dates do not have to be consecutive or in any given 
order, nor does the data requested have to be uniform 
from day to day. In fact, each entered date is a sep-
arate request. You may repeat the same dates with 
different start/end times if you wish. 

program operation 

Keep in mind that the calculations are relatively 
slow. Compiling data for 31 days could require hours 
of computer time. The actual time will vary greatly ac-
cording to the time increments you specify, the printer 
speed, and other factors. 

When you've completed the entry of all start/end 
times, hit < ENTER > to terminate the data input 
phase. The program prints the heading information 
and begins calculations. Each line of data requires 
roughly 15 seconds, even though the result of that cal-
culation may be below the horizon and therefore not 
printed out. If you've asked for data every 20 minutes 
following midnight on a day when the moon does not 
rise until 0800 GMT, the computer will calculate the 
position of the moon 24 times before any results ap-
pear on the CRT or printer. Therefore, the program 
may seem to be hung up for several minutes even 
though it's actually hard at work calculating data that 
ends up below the horizon and is consequently not 
displayed. 
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RF 
TRANSISTORS 

1 000 
1010 
1020 
1030 
1040 
1050 
1 0 6 0 
1 0 7 0 
1 0 8 0 
1090 
1100 
1110 
1120 
1 130 
1 140 
1 ISO 
1160 
1170 
1180 
1 190 
1200 
1210 
1220 
12 JO 
1240 
12S0 
1 2 6 0 
1 2 7 0 
12B0 
1290 
1300 
1310 
1 3 2 0 
1330 
1340 
13 SO 
1360 
1370 
1 3 8 0 
1390 
1400 
1410 
1420 
1430 
1440 
1 4 5 0 
1 4 6 0 
1470 
1480 
1490 
1500 
1510 
1 5 2 0 
1530 

1540 
1550 
1 5 6 0 
1570 
1580 
1590 
1 6 0 0 
1 6 10 
1 620 
1630 
1640 
1 650 
1660 
1670 
1680 
1690 
1 700 
1710 
1720 
1730 
1740 
1750 
1 760 
1770 
17 BO 
1790 

fig. 3. Enhanced version moon coordinate program listing for TRS-80. 

> > ! I « t * t * > > > MOON COORDINATES t t t t t t t t t t t * 

' P R I M A R I L Y FOR USE I N EARTH-MOON-EARTH 
* (EME) COMMUNICATIONS BY RADIO AMATEURS. 

'BASED ON PROGRAMS BY LANCE COLLISTER (WA1JXN/WA3GPL) 
•AND JAY LIEBMONN ( K 5 J L ) . 
' SEE EIMAC PUBLICATIONS A S - 4 9 - 6 . A S - 4 9 - 1 7 AND A S - 4 9 - 2 4 . 
' V A R I A N , EIMAC D I V I S I O N 
' 3 0 1 INDUSTRIAL WAY 
'SAN CARLOS, CA 9 4 0 7 0 . 

' M O D I F I E D FOR MODEL I T R S - 0 0 LEVEL I I AND DISK BASIC 
' W I T H ENHANCED DISPLAYS AND ADDITIONS OF SIDEREAL T I M E , 
' R I G H T ASCENSION AND DISTANCES TO THE MOON (CONVERTED 
' T O PATH-LOSS VARIATIONS I N DECIBELS! 
' B Y WARREN BUTLER (W2WD). 

' I N P U T DATA: LAT ITUDE, LONGITUDE, GMT DATE/T IME AT S I T E . 
'DATA FOR UP TO 3 1 DIFFERENT DAYS CAN BE INPUTTED AT 
'ONE T I M E . ENTER DATA I N THE FORMAT REQUESTED. AFTER 
' T H E LAST INPUT, INSERT ZEROS OR H I T <ENTER>. 

'DUTPUT DATA: GHA, DECLINATION, AZIMUTH AND ELEVATION OF 
'MOON, SIDEREAL T IME (ST) AND LOCAL T I M E , UNIVERSAL 
'WINDOWS FOR EME COMMUNICATION, RIGHT ASCENSION OF MOON, 
'PATH-LOSS VARIATIONS ( D B ) . 

'HARDCOPY OUTPUT CAN BE SELECTED I F PRINTER I S AVAILABLE . 

'UNIVERSAL EME WINDOWS ARE SHOWN BY LETTERS FOLLOWING DEC. 
' U = EUROPEAN UNIVERSAL WINDOW 
'W = W/VE UNIVERSAL WINDOW 
•J = J / V K / Z L UNIVERSAL WINDOW 

' B E P A T I E N T , THE CALCULATIONS CAN TAKE SEVERAL MINUTES. 

PRINT 
PRINT 
CLEAR 5 0 0 
DIM F < 3 1 ) , V 1 3 1 ) , Y ( 3 1 > , 0 ( 3 1 ) , S (31> 
P 5 = 2 . 0 0 0 0 0 0 0 0 0 0 * 3 . 1 4 1 5 9 2 6 5 3 5 
D5=36C>. 0 0 0 0 0 0 0 0 0 0 0 / P 5 
R 5 = P 5 / 3 6 0 . 0 0 0 0 0 0 0 0 0 0 
CLS 
'GOTD 1 7 3 0 
PRINT a O, S T R I N G * ( 6 4 , 170) 
PRINT e 148 , "MOON COORDINATE PROGRAM" 
PRINT e 2 7 8 , "WARREN BUTLER (W2WD)" 
PRINT 9 3 4 3 , " 2 3 0 5 MORSE AVENUE-
PRINT S 4 0 4 , " S C O T C H P L A I N S , NJ 0 7 0 7 6 " 
PRINT 6 4 7 3 , " ( 2 0 1 ) 2 3 3 - 4 4 6 0 " 
PRINT @ 5 7 6 , S T R I N G * ( 6 4 , 170) 
PRINT @ 8 3 3 , " I F YOU NEED A DESCRIPTION OF PROGRAM, 
1 0 0 0 - 1 3 6 0 " 
PRINT @ 9 7 8 , "ELSE H I T <ENTER> TO CONTINUE" ! 
INPUT 17. 
CLS 
REM: BEGIN INPUT DATA SEQUENCE 
PRINT"WHAT ARE THE STATION CALL LETTERS " ; 

L I S T L I N E S 

INPUT W* 
INPUT"WHAT I S YOUR LOCAL TIME (EST, EDT, PST, E T C . ) " ; T L * 
PR I NT "HOW MANY HOURS/MINUTES DIFFERENCE FROM GMT""' 
P R I N T " USE + I F EARL IER, - I F LATER" 
INPUT " ( E G . , EST WDULD BE - 0 5 0 0 ) T D 
I F T D ' ~ 1 2 0 0 OR TD>1200 THEN 1610 
PRINT"WHAT I S YOUR LATITUDE (DEGREES.MINUTES) " 
PR I NT " +• NORTH / - SOUTH 
INPUT L 5 , U5 
I F L 5 > 9 0 OR L 5 < - 9 0 OR U5>60 THEN 1650 
PRINT"WHAT I S YOUR LONGITUDE (DEGREES,MINUTES) " 
P R I N T " * WEST / - EAST " ; 
INPUT L 6 , U6 
I F L 6 > 1 8 0 OR L 6 < - 1 8 0 OR U6>60 THEN 1690 
•W»="W2WD": L 5 = 4 0 : U 5 = 3 9 . 0 : L 6 = 7 4 : U 6 = 2 2 . 5 : T L * = " E S T " : T D = - 0 5 0 0 
L 5 = ( L 5 + U S / 6 0 ) « R 5 
L 6 = ( L 6 + U 6 / 6 0 ) » R 5 
INPUT"WHAT I S THE DESIRED PRINT ING INCREMENT I N MINUTES ( 1 - 6 0 ) " s I 
I F I<=O OR I > 6 0 THEN 1760 
8 * = " " 
INPUT"DD YOU ONLY WANT PRINTOUT WHEN THE MOON I S NEAR THE HORIZON 

( Y E S / N O ) " : B * 
Icontinued on page 43) 

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

P/N 
MRF406 
MRF412 
MRF412A 
MRF421 
MRF421C 
MRF422* 
MRF426* 
MRF426A* 
MRF433 
MRF435* 
MRF449 
MRF449A 
MRF450 
MRF450A 
MRF453 
MRF453A 
MRF4S4 
MRF454A 
MRF455 
MRF455A 
MRF458 
MRF460 
MRF47S 
MRF476 
MRF477 
MRF479 
MRF485* 
MRF492 
SRF2072 
CD2545 

Selected 

2-30MHz 12V V 
Raling 

20W 
BOW 
80W 

100W 
110W 
150W 

25W 
25W 
13W 

1 50W 
30W 
30W 
50W 
SOW 
60W 
BOW 
SOW 
80W 
60W 
60W 
SOW 
BOW 
12W 
3W 

40W 
15W 
15W 
90W 
75W 
SOW 

High Gasn Matche 

' -28 V) 
Ea 

$14.50 
18.00 
18.00 
25.00 
27.00 
38.00 
17.00 
17.00 
14.50 
42.00 
12.00 
11.00 
12.00 
12.00 
15.00 
15.00 
16.00 
16.00 
12.00 
12.00 
18.00 
16.50 
3.00 
2.50 

13.00 
10.00 

6.00 
18.00 
15.00 
24.00 

ij Quads A. 

Match f'r 
$32.00 

40.00 
40.00 
54.00 
58.00 
82.00 
40.00 
40.00 
32.00 
90.00 
27.00 
25.00 
27.00 
27.00 
33.00 
33.00 
35.00 
35.00 
27.00 
27.00 
40.00 
36.00 

9.00 
8.00 

29.00 
23.00 
15.00 
39.00 
33.00 
55.00 

VHF TRANSISTORS 
Type Rating La Mau.n 

MRF221 15W $10.00 — 

MRF222 12W 12.00 — 

MRF224 40W 13.50 $32-00 
MRF231 3.5W 10.00 — 

MRF234 25W 15.00 39.00 
MRF237 1W 2.50 — 

MRF238 30W 12.00 — 

MRF239 30W 15.00 — 

MRF240 40W 16.00 — 

MRF245 80W 25.00 59.00 
MRF247 SOW 25.00 59.00 
MRF260 5W 6.00 — 
MRF264 30W 13.00 — 

MRF492 70W 18.00 39.00 
MBF607 1.8W 2.60 — 

MRF627 0.5W 9.00 — 

MRF641 15W 18.00 — 
MRF644 25W 23.00 — 

MRF646 40W 24.00 59.00 
MRF648 60W 29.50 69.00 
SD1416 80W 29.50 — 

SD1477 125W 37.00 — 
2N4427 1W 1.25 — 

2N5945 4W 10.00 — 

2N5946 10W 12.00 — 

2N6080 4W 6.00 — 

2N6081 15W 7.00 -

2N6082 25W 9.00 — 

2N6083 30W 9.50 — 

2N6084 40W 12.00 29 00 
TMOS FET 

MRF137 30W $22.50 — 
MRF138 30W 35.00 — 

MRF140 1 50W 92.00 — 
MRF150 1 SOW 80.00 — 

MRF172 80W 65.00 — 

MRF174 125W 88.00 — 

Technical Assistance & cross-ie/erence 
information on CD, PI RF. SRh. SD i'/Ns 
Call Engineering Dept (619) 744-0728 

RF Parts Cata log Avai lab le 
OEM & Quant i ty D iscounts 

M i n i m u m Order $ 2 0 
WE SHIP SAME DAY 

299 

A d d $3 5 0 Sh ipp ing 
C.O.D./VISA/MC 

ORDERS ONLY: 800-854-1927 

IHI 
imi 

uidTcom 
1320 Grand Ave. San Marcos 
Cal i fornia 92069 (619)744-0728 
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This happens in the example shown in f ig. 1. On 
June 8, 1983, the moon rose at about 0800 GMT. The 
computer did not start printing out data until six 
minutes after the input phase had been completed and 
the < ENTER> key had been pressed. From that point 
the printing continued until moonset had been reached 
at about 2120 GMT. However, the program did not 
stop calculations until the specified ending time of 2400 
GMT. The program required about 15 minutes to gen-
erate the data shown in f ig. 1. 

Similarly, if data ends above the maximum angle se-
lected in the low-elevation mode, the program will also 
appear to be "hung-up." If you already know the times 
of moonrise and moonset, the start and end times can 
be set accordingly and much time can be saved in the 
printout process. 

printouts and displays 

Now let's look at the output data (fig. 1) in more 
detail. After the GMT time column, the GHA, or 
Greenwich Hour Angle, is shown. It is the angle sub-
tended by the moon and the Greenwich meridian. This 
angle can be translated to your geographical meridian 
(Local Hour Angle) by adding your longitude if east, 
or subtracting if west. The third column provides the 
declination of the moon or its position north ( + ) or 
south ( - ) of the celestial equator. Using the GHA and 
declination information, the polar-mounted EME an-
tenna can be kept trained on the moon. 

Note that some of the values for declination are fol-
lowed by the letter U, W, or J. These are indicators 
that the moon is in one of the universal EME windows 
established to allow use of fixed antenna arrays. This 
was intended to permit large antennas to be built at 
lower cost by eliminating the need to position the array 
in azimuth or elevation. The U, or universal window, 
was set up for contacts between European and USA 
stations. The W window is better situated for 
USA/USA and the J window is for J A / V K / W 
contacts." 

The next two columns show local time readouts. 
Standard or daylight-savings time needs no further dis-
cussion. LST (Local Sidereal Time) is tied to the stars 
and used primarily by astronomers. It is included here 
to help readers locate some of the stellar noise sources 
for checking EME systems performance. Or, for that 
matter, to locate a "cold" area of the sky for the same 
purpose. Many EME operators use the sun as a noise 
source to check antenna and system performance. 
When system performance is improved beyond the 
norm, smaller noise sources in the heavens such as 
Cassiopeia A, Cygnus A, and others can prove useful. 
Knowing the R.A. (right ascension of the moon) and 
declination of these sources and your LST can help 
in training your antenna to the proper direction in 
the sky. 

For EME operators using AZ-EL antenna mounts, 
the computer calculates the azimuth and elevation 
angles to the moon from their QTH. Azimuth is the 
angle with respect to true north, (not magnetic north 
as would be indicated with a compass); elevation is 
the angle above the local horizon. 

Below the positional data in f ig. 1 are two other use-
ful parameters for EME operation. The first is the R.A., 
which indicates where the moon is in relation to other 
objects in the sky. Some of the stars are noise sources 
that can reduce the signal-to-noise ratio of the com-
munication path when they are in line with the moon 
at the time of a QSO. Earlier, I suggested that these 
same kinds of noise sources could be useful for system 
calibration. For better EME contacts, however, they 
should be avoided. Reference 1 contains radio sky 
maps over the frequency range of 64 to 910 MHz. 
These show the noise temperature of the sky as a 
function of right ascension and declination. It should 
be mentioned that the right ascension of the moon 
given at the bottom of the printout listings is the first 
calculated value. The R.A. varies about one hour over 
a 24-hour day, but this usually provides sufficient ac-
curacy to judge whether noise sources from behind 
the moon are going to be a problem.2 

Because the moon is traveling in an elliptical path 
around the earth, its distance from the earth varies. 
At apogee it is roughly 407,000 kilometers from the 
earth; at perigee, 356,000 km. The variation in range 
is sufficient to add about 2 dB of additional path loss 
at apogee as compared to when the moon is at the 
perigee position. Apogee to perigee time spans are 
roughly 13 days. For each day of a printout, the path-
loss difference in dB, as compared to the perigee posi-
tion, is printed at the bottom of the listing. Equations 
used for calculating the earth-to-moon distances were 
taken from reference 3. 

accuracies 

Considering the number and types of calculations 
this program processes, it is reasonable to ask whether 
the results obtained on a personal computer are suffi-
ciently accurate for use by the typical Amateur EME 
station. To answer this question, I compared the out-
put data to the most accurate, reliable data available 
to me. 

For GHA and declination I was unable to locate a 
suitable source of topocentric values to confirm the 
output of this program. However, the Nautical 
Almanac provides geocentric data with errors less than 
0.0005 degrees and thus served as a satisfactory stan-
dard for data referenced to the center of the earth.6 6 

In order to compare "oranges to oranges," I had to 
bypass the translational calculations I had inserted to 
convert from geocentric to topocentric coordinates. 
I then used the random number generator of the 
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fig. 3, continued 
1 BOO I F L E F T * ( B * , 1 ) = " Y " T H E N I S 3 0 
1B10 r6=I00 
1 8 2 0 GOTO 2 0 3 0 
1 B 3 0 INF'UT "BELOW WHAT E L E V A T I O N I N DEGREES DD YOU WANT P R I N T O U T " ; 1 6 
1 0 4 0 W W * = " " 
1 8 5 0 I N P U T "DO YOU WANT HARDCOPY P R I N T O U T ( Y E S , ' N D ) " ; WW» 
I 8 6 0 I F L E F T * ( W W * . I > = " Y " W W * = " Y E S " 
1 8 7 0 I F W W * = " Y E S " AND PEEK < 1 1 3 1 3 1 1 2 7 T H E N P R I N T " P R I N T E R NOT R E A D Y " : 

W W * = " " : GOTO 1 8 5 0 
I 8 8 0 P R I N T 
1 B 9 0 F ' R I N T " W H A T ARE THE GMT MONTH. D A Y . YEAR D E S I R E D " " ' 
1 9 0 0 P R I N T"Itt NOTE - USE 4 - D I G I T S FOR YEAR ( E G . . 1 9 8 3 ) • « * " 
1 9 1 0 P R L N T " E N T E R DATA FOR UP TO 3 1 D A Y S " 
1 9 2 0 F'R I NT " H I T L N I E R A F T E R L A S T E N T R Y " 
1 9 3 0 P R I N T 
I 9 4 0 N - 0 
1 9 5 0 FOR N=L TO 3 1 
I 9 6 0 F'R I N T " D A Y " ; N ; " (MM, DD, YYYY ) » ; 
L 9 7 0 I N P U T F ( N > , V ( N ) , Y ( N ) 
I 9 0 0 I F F ( N ) = 0 THEN 2 2 2 0 
1 9 9 0 I F F ( N X L OR F ( N ) > 1 2 OR V ( N ) L OR V ( N ) : I I OR Y ( N ) < 1 9 0 0 OR Y ( N ) > 2 0 0 0 

THEN I 9 6 0 
2 0 0 0 I F N = 3 L THEN 2 2 2 0 
2 0 L O N E X T N 
2 0 - - 0 GOTO 1 9 5 0 
2 0 3 0 W W * = " " 
2 0 1 0 1NPUT " DO YOU WANT HARDCOPY ( Y E S / N O ) " ; W W * 
2 O 5 0 I F L E F T * ( W W * . 1 ) = " Y " W W * = " Y E S " 
2 0 6 0 I F W W * = " Y E S " AND PEEK 1 1 4 7 1 2 ) 1 2 7 T H E N F ' R I N T " P R I N T E R NOT R E A D Y " : 

W W % = " " : GOTO 2 0 4 0 
2 0 7 0 P R I N T 
2 0 8 0 P R I N T " INF 'UT - GMT MONTH, D A Y . Y E A R . T I M E B E G I N N I N G , T I M E E N D I N G " 
2 0 9 0 P R I N T " U S E 4 - D I G I T S FOR YEAR AND 2 4 - H O U R C L O C K " 
2 1 0 0 P R 1 N T " E N T E R DATA FOR UP TO 3 1 D A Y S . " 
2 1 1 0 PR I N T " H I T < ENTER A F T E R L A S T ENTRY 
2 1 2 0 P R I N T 
2170 N=0 
2 1 4 0 FOR N = 1 TO 3 1 
2 1 5 0 P R I N T " D A T E " ; N : " I M M , D D , Y Y Y Y , T T T T , T T T T ) " : 
2 1 6 0 I N P U T F ( N I , V < N > , Y I N ) . 0 ( N ) . S ( N ) 
2 1 7 0 I F F ( N ) = 0 THEN 2 2 2 0 
2 1 8 0 I F F ( N X I OR F ( N ) > 1 2 OR V < N X 1 OR V I N X 3 1 OR Y I N ) 1 9 0 0 OR Y ( N > - 2 0 0 0 

OR O I N X O OR Q I N ) > 2 3 5 9 OR S < N X 0 0 0 | OR S ( N ) - 2 4 0 0 THEN 2 1 5 0 
2 1 9 0 I F N = 3 1 T H E N 2 2 2 0 
2 2 0 0 N E X T N 
2 2 1 0 GOTO 2 1 4 0 
2 2 2 0 I F N = 3 1 THEN N 5 » N E L S E N 5 = N - I 
2 2 3 0 FOR N = 1 TO NS 
2 2 4 0 I F L E F T * I B * . 1 > = " Y " T H E N 2 2 6 0 
2 2 5 0 GOTO 2 2 9 0 
2 2 6 0 E L = 2 4 0 0 
2 2 7 0 B = 0 
2 2 8 0 GOTO 2 3 1 0 
2 2 9 0 E 1 = S ( N > 
2 3 0 0 B = Q ( N > 
2 3 1 0 M = F ( N ) 
2 3 2 0 D = V ( N ) 
2 3 3 0 Y - Y ( N ) 
2 3 4 0 Y 1 = Y - I I N T I Y / 1 0 0 ) « 1 0 0 > 
2 3 5 0 REM: S E T U F OUTPUT FORMAT 
2 3 6 0 P R I N T 
2 3 7 0 I F W W * = " Y E S " THEN L P R I N T " " 
2 3 B 0 P R I N T 
2 3 9 0 I F N = 1 T H E N C L S 
2 4 0 0 I F W W * = " Y E S " T H E N L P R I N T " " 
2 4 1 0 P R I N T " P O S I T I O N OF THE MOON ON " : M I " / " ; D ; ' V ; Y ; " GMT FROM 

W* 
2 4 2 0 I F W W * = " Y E S " THEN L P R I N T " P O S I T I ON OF THE MOON ON 

GMT FRUM W* 
2 4 3 0 P R I N T 
2 1 1 0 I F W W * = " Y E S " THEN L P R I N T " " 
2 4 S 0 F ' R I N T " G M T " T A B ( 8 ) " 6 H A " T A B < I 7 ) " D E C " T A B ( 2 7 ) " L . S T " T A B I 3 7 ) T L * 

T A B 1 4 7 ) " A Z " T A B < 5 6 ) " E L " 
2 4 6 0 I F W W * = " Y E S " THEN L P R I N T " G M T " T A B ( 8 ) " G H A " T A B ! 1 7 ) " D E C " 

T A B < 3 7 ) T L * T A B ( 4 7 ) " A Z " T A B ( 5 6 ) " E L " 
2 4 7 0 1 1 = 2 
2 4 8 0 R E M : C A L C U L A T I O N OF J U L I A N D A T E 
2 4 9 0 I F M > = 3 THEN 2 5 7 0 
2 5 0 0 I F I N T ( ( Y - 1 B 5 3 ) / 4 > < 1 1 T H E N 2 5 3 0 
2 5 1 0 C I = - I 
2 5 2 0 GOTO 2 5 4 0 
2 5 3 0 C 1 = 0 
2 5 4 0 J 1 = 3 6 5 * I Y - 1 8 5 3 ) » D » 3 0 « I M + 9 ) • ) • I N T I ( M + 1 0 ) / 2 ) 
2 5 5 0 J 2 = I N T < ( Y - I S 5 3 ) / 4 ) + 1 
2 5 6 0 GOTO 2 6 0 0 
2 5 7 0 I F I N T ( ( Y - 1 8 5 2 ) / 4 ) < I 1 T H E N 2 6 0 0 
2 5 0 0 C I — 1 
2 5 9 0 GOTO 2 6 1 0 (continued on page 44) 

; M : " / " ; [ ) : " / " ; Y ; " 

T A B ( 2 7 ) " L S T " 

RO H N 
"FOLD-OVER" 

TOWERS 
• EASE OF INSTALLATION 
BOHN "Fold-Over" Towers are quickly and 
easily Installed. THB "Fold-Over" Is sale 
and easy lo service. 

• ADAPTABILITY 
ROHN has several sizes lo lit your applica-
tions or you can purchase (lie "Fold-Over" 
components to convert your ROHN lower 
into a "Fold-Over". 

• HOT DIP GALVANIZED 
All ROHN towers are hot dip galvanized 
alter fabrication. 

• REPUTATION 
ROHN Is one ot (lie leading tower manufac-
turers. wilh over 25 years of experience. 

Write today for complete details. 

QUALITY STEEL PRODUCTS BY 

ROHN 
Box 2000 Peoria. Illinois 61656 

U.S.A. 
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SYNTHESIZED 
SIGNAL GENERATOR 

MADE IN USA 

M O D E L 
SG-100F 
S429 .95 
delivered 

» Covers 100 MHz to 199.999 MH? in 
1 kHz steps with thumbwheel dial • 
Accuracy + / - 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out-
put adjustable from 5-500 mV at 50 Ohms 
• Operates on 12 Vdc @ % Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend treq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator 
• Call or write for details • Phone in your 
order tor fast COD shipment. 

VANGUARD LABS 
1 9 6 - 2 3 J a m a i c a A v e . , H o l l i s , N Y 1 1 4 2 3 

P h o n e : ( 7 1 8 ) 4 6 8 - 2 7 2 0 ^ 1 2 1 

ALL BAND TRAP 
VERTICAL 

Great lor DX 
Co-nplelcly assembled and ready lo use1 

Commercial quality. tall lo last L i jh l 
weight, sealed, weatherptool irap(s) 
-Lew loss end msulaior -Handles up lo 
2000 walls PEP Aulomauc band swil 
cuing -For all transmitters, receivers & 
transceivers -Tuner usually never re-
quited - Deluxe end teed connecior. wi[ft 
built in lightning arresior. accepts PL 259 
coax connector -Use as sloper or vertical 

PBimanertl or portable use - Easy In in-
s la i -Can be used witnoul radiais - At-
taches tn almost any support -Excellent 
lor all class amateurs Instructions in-
cluded 10 day money-back guaianteg' 

•s eand-40.20.15.10 meters (27 ) 1 ttap«VS-4i S30 95 plus S4 00 shipping 5-0and-8O.4O.20.15,10 motets (52 ) t Iraps *VS 52 S54 plus S4 OO shipping 
50 It RG-58U. 52 ohm coax cable wih PL-259 connecior on 
each end add S8.00 10 above price 
we accept vtSA/MC - give Card«, Exp date. Sm"-)ture "" 

SPI -RO DISTRIBUTORS, 
' ; Room 103. PO Box 1536 , 

Henflersonville. NC 28793 T 

TOUCHTONE" 
D EC O D ER KIT 

Q T M F Rece iver K i t ifj'lii-U' tHMI 
I W> • Him.i-ivi.' .iH II- '.tin' | n li.,T <1 HTMf II,l|lt'. 

| • Nu trill'! ,MM! Mll'f 
A I III>I ' I I I -I : M • Ulltllll! I'llhl'I-l'tf* O 1 Bi:iI Inriii.it 

CMOS tnw pi.w.M- |?9in.i in I? V 11 i: | I 11 ,HI,.nt ..pcmili immunity 
liiciuill-'s 3 fiSMti," ixv'.t.ii , . ;m1 M -.in k • i-'.i .' iMHl . .Mlii':itii'', U-il.i Sin'!.'! M liii'iintn iliijil J.iiii! sli.ti-,-tinn Ov ,j,ii.'. --.rn.i .-, 

1 M.iri' ynu SfllKAtS ' i-tl'-ilti-r {li-i nili" i-ti 
.iv.iilillitli 7IET ^ -|23 

111' H 'r.'.'n'iwr'i-.-.i 

o • ^ » i ' -a ) 
I.272»RD» S!N<» •.•-;•»! i> 

f i g . 3 , c o n t i n u e d 
2600 Cl=0 
2610 IF M=9 THEN 3630 
2620 IF M=11 THEN 26S0 
2630 C2=*0 
2610 GOTO 2660 
2650 C2=1 
2660 J 1 =365* (Y-1052)+D+3O» (M-3)+INT < (M-2) /2> 
2670 J2-INT(<V l8S2)/4)+Cl+C2 
2680 J=J1»J2 
2690 JD*=J+2397517.5 
2700 GOSUB 1150 'FOR MOON DISTANCE CALCULATIONS 
2710 T I ~J ~ 17172.5 
2720 REM: MAIN CALCULATIONS BEGIN 
2730 D9- IB- I NT <8/ 100) t 100)+INT(B/I OO) «60 
2710 D6=<El-INTIEl/10O> tlOO)+INTIE1 / I 00) t60 
2750 D7=D9-D6 
2760 DB=D7-t 
2770 IF D7'0 THEN 2790 
27BO GOTO 282I-1 
2790 IF D8>-0 THEN 1250 
2800 E"=EI 
20IO REM: CALCULATION OF LATITUDE AND LONGITUDE OF HOCIN 
2820 T=(B-INT(B/I 00)» I00>/1110+INI (B/100) /21 
2830 T5=T!+T 
2810 K l= ( I . 75 I213+ . 036601 !02»T5) - IMT t . 75121 3+ . 07.6601 102«T5) ) I PS 
2850 K2 - ( ( .822513+. 0362916457«T5) - INT ( . 8225 I 3+. 036291 6157«T5) ) « F'S 
2860 K3=( I.995766+.00273777B52»T51- INT(.995766+.00273/7?852«T5>) 

»P5 
2B70 )<1 = ( t . 971271 +. 0338631 922*T5) - I NT (. 971271 + . 03386319221T5) I * PS 
2880 U5»( (.0312525+.0367481957*T5)- I NT<.0312525+.0367481957»T5)) 

• PS 
2890 LS=l:i 4 . 658«R5»SIN (2»K1 > +6. 289«R5»SIN (f 2) 
2900 L8=L8~1 .274»R5*SIN(K2-2»K4) - . I86fR5*S IN (l*3) 
291 0 L8=L8+.2l4«R5«SIN(2iK-2)-. I 11 !R5iB IN < 2t)"5) 
2920 L8=L8-.059»R5»SIN(2«F2-2«K4)-.057«R5»SIN <K 
2930 K6-l<5> .6593«RS«SIN<2»K4) +6.2703«R5«SIN(K2) 
2910 L7=5.111»R5»SIN(K6)-.I46»R5»SIN(K5-2»K4) 
2950 REM: CALCULATION OF RIGHT ASCENSION (Ftl) AND DECLINATION (Dl) 
2960 Dl=COS(L7)«SIN(L8)t.397821+SIN(L7)t.917463 
2970 Dl ~-ATN <Dt / ( SOR( I -O l t l ) ) ) 
2980 GI=50+.5+( (D l ) / ( .792) )»D5 
2990 G2=0O+((Dl)/t.BOB))«DS 
3000 G3=11 l .5 - t (D l )» ( .738)»D5) 
3010 G1=170.5- I (Dl )»( .857)«D5) 
3020 A2=C0S(L7)«COS(LB)/COS(Dl) 
3030 Al = ( C0S1L7) »SIN(LB) t . 91 7163-S1 N (1.7 ) «. 397B2I ) /COS(DI ) 
3010 A=ATN(Al/A2) 
3050 GOSUB 3390 
3060 RI=A 
3070 R2=RI«57.295779»21/360 
3080 L I =.065709822 »I I 
3090 L=Tt24» I . 0027T.B+6. 6160551 (L I -1 NT (L I /21) «24 ) 
31 00 l..A=L- (L6« 21IS7. 295779/360) » 1 .002 /38 
3110 L=(L~INT(L/24)«24) 
31 ro REM: CALCULATION OF GREENWICH HOUR ANGLE (G> FROM LOCOl STDFRFOI 

TIME 
31 30 G= (L / 211 » P5-R1 
3140 IF GP5 THEN 3170 
3150 G-G-P:. 
3160 GOTO 3210 
3 I 70 IF GO THEN 3190 
3180 GOTO 321O 
3190 G=G+F'S, 
3200 RFM: TAt TIM flTION OF I OrAt Hfll IR ONGi F (HI FROM GHA IT.) 
3210 H=L6-G 
3220 GOSUB 4710 FOR PARALLAX CORRECTIONS 
3230 RE.M: CALCULATION OF ELEVATION IE) OF OBJECT 
3210 E3=C0S(L5) «COS(H) «C0S(D1 ) +SINID1 1 «SIN(I.5) 
3250 E2=S0Rt1-(EJ«E3)) 
3260 E=ATN>E3/E2) 
3270 F"F 
3280 IF 6 -0 THEN 4200 
3290 IF E>16»R5 THEN 4200 
3300 REM: CALCULATION OF AZIMUTH (A) OF OBJECT 
3310 A2=SIN(D1)/! CDS(L5)*COS(F)) 
3320 A2-A2-( SINIL5)/COS(LS)>«( SIM(F)/COS(F)) 
3330 Al-SIN(LSIISINID1)+COS(L5)*COS(DI I»COS<H> 
3340 Al=( SIN(H)XCDS(DI))/SOR(I-A1I2) 
3350 A=ATN(A1/A2I 
3360 GOSUB 3390 
3370 GOTO 3510 
3380 REM: REMOVAL OF AMBIGUITIES INCURRED WITH ATN FUNCTION 
3390 IF A •• THEN T.1IO 
3100 GOTO 3150 
3410 IF A2 0 THEN 3430 
3420 GOTO 3530 
3430 A=P5/2 
3440 GOTO 3530 
3 4 5 0 I F A O T H E N 3 5 1 0 (continued on page 45) BEND CHECK OR MONEY ORDER TOi 
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3660 

5710 
3750 

f i g . 3, c o n t i n u e d 
34 6C" IF A2<0 THEN 3490 
74 70 A=P5«A 
3480 SOTO 3530 
3490 A=P5+ ( A - P 5 / 2 ) 
3500 GOTO 3330 
3510 I F A2=>0 THEN 7S30 
3520 A=A+PS/2 
3530 RETURN 
3540 I F < T - [ t ) • ( 2»1 I / 1 4 4 0 THEN 3S60 
3S50 GOTO 3580 
3360 PRINT 
3570 IF WW*="YES" THEN L P R I N T " " 
3580 Z 1 = I N T ( A » D 5 « 1 0 1 . 5 ) / 1 0 
3590 Z 2 = I N T ( E » D 5 » 1 0 * . 5 ) / 1 0 
3600 Z 3 = I N T ( G » D 5 » 1 0 + . 5 > / 1 0 
3.610 Z 4 = I N T ( D 1 « D 5 » 1 0 + . 5 1 / 1 0 
3620 IF Z4<0 THEN 3750 
3630 IF 2 3 G! THEN 3750 
3640 IF Z3>G2 THEN 
3650 GOTO 3690 
3660 IF Z3<G3 THEN 
3670 IF Z 3 G 4 THEN 
36B0 .GOTO 3730 
3690 "Y*="U" 
3700 GOTO 3760 
3710 Y*="W" 
3720 GOTO 3760 
3730 Y*-="J" 
3 740 GOTO 3760 
3750 Y * = " " 
3760 A T * = " 0 0 0 " 
3770 P T « = " W " 
3700 C T * « " 0 " 
3790 EiS=INT (B>. 51 
3800 IF B S ' I O THEN &S*=«T*«-RIGHT* (STR* (BS) . 1 ) : SOTO 3840 
3810 IF BS'' 100 THEN BS*=BT* f R I G H T i (STR1 (BS) . 2 ) : GOTO 5B40 
3820 IF BS'.IOOO THEN BS*=CT*+R1 GHT1, (STR l (BS> , 3 ) : GOTO -.040 
3830 BS*=RIGHT-» (STR* IBS) , 4 1 
3840 I F TD O OR TD/1 0 0 ' I N T I T D / 1 00) T O T D : GOTO 3860 
3050 TC=TD+2360 
3860 ES=BS<TC 
3870 IF E5>?400 THEN ES=ES-2400 
38B0 I F ES<*=0 THEN ES=»ES*2400 
3890 I F ES< 10 THEN E S * = A T * » R r 6 H T * ( S T R * ( £ 5 ) . I ) : GOTO 3930 
3900 IF ES<100 THEN E S * = B T * < R t G H T * ( S T R * ( E 5 ) . 2 ) : GOTO "930 
3910 I F ESUOOO THEN E S * = C T * + R ! B H T * ( S T R * ( E S ) , 3 ) : GOTO 3930 
J920 E S * = R I 6 H T * ( S T R * ( E S ) , 4 1 
3930 IF LA<0 THEN LA=LA-«24 
3940 IF LA>24 THEN LA=LA~24 
3950 LB=100« INT(LA) 
3960 L C = 6 0 « ( L A - I N T ( L A ) ) 
3970 IF L C - I N T ILC) = *0. 5 L C - I N T (LC> J ELSE I, C= I NT (LC) 
3980 IF LC= >60 LC=0; L B = L B ' 1 0 0 
3990 LD=LB+LC 
4000 I F LDV24O0 THEN LD=LD-2400 
4O10 LB*=STR*(LD) 
4020 IF LD< 10 THEN L l l *=AT*< RI GI-IT* ( L B * . 1 ) : GOTO 4060 
4030 IF LD<100 THEN L B * = » T * + R I G M T * ( L B * . 2 ) : GOTO 4060 
4040 IF U K 1000 THEN LB*-CT*«-RIGHT* ( L B * . 3 ) : GOTO 4060 
4050 L B * = R I 6 H T * ( L B * . 4) 
4060 Z l * = " » t t * . l t " 
4070 Z 2 * = " * » . « " 
4080 Z 3 * = " * » t t . « " 
4090 Z 4 * = " + » » . » " 
4100 PRINT USING""/. " / . " ;BS* ; 
4110 PRINT TAB(7)USING 2,3*; 23 ; 
4120 PRINT TAB(16)USING 2 4 * : 24; 
4 130 PRINT Y * ; 
4 140 PRINT T A B ( 2 7 ) L B * ; 
4150 PRINT TABC!7)USING"V. " / . " :E5* ; 
4160 PRINT TAB(45)USING Z l » ; Z l ; 
4170 PRINT TAB(5S)USING Z 2 * ; Z2 
4180 IF UW«="YES" THEN LPRINT USING""/. "/.";E<5»;: LF'R I NT TAB(7)US1NG 

2 3 * ; Z 3 ; : LPRINT TAB(16)USING Z44: Z4;s LPRIN I Y * ; : LPRINT I A B ( 2 7 ) L B * ; 
: LPRINT TAB (37) US I NG""/. 7 . " ; E S * : : 
LPRINT TAB(55)USING Z 2 * ; Z2 

4 190 I1=T 
4200 8=B+I 
42 tO 2 = ( B - I N T ( B / 1 0 0 ) « 1 0 0 ) - 6 0 
4220 IF Z<0 THEN 2730 
4230 B=INT ( B / 1 0 0 ) » 100+ I00-* 2 
4240 GOTO 2730 
4250 RX=R2 
4260 IF R X ' 0 THEN RX=RX«24 
4270 IF RX >24 THEN RX=RX-24 
4280 RA=!OOt INT (RX) 
4290 RB=60«(RX- INT(RX)> 
4300 IF RB-INT (RB) •- 0 . 5 R B = I N T ( R B ) ' I ELSE I NT (RB > 
4310 IF RB=60 RB=0: RA=RA»100 

LPRINI TAB(45)USING 7 1 * ; 2 1 ; : 

Presenting 

DOCTOR DX™ 
Work Tha World 
With No Antenna 

Doctor DX Simulates real H.F. 
CW band condit ions. All the sta-
tions you wil l work are generated 
by the computer. As you tune up 
and down the particular band 
you have selected, you wil l hear 
realistic sounding stat ions in 
contact wi th other stat ions 
(some within your skip zone). 

Al l you need is a Commodore-
64 computer, a key (or keyer), and 
a TV set. 

, N 0 Radio Required! | 

• NoTV I l 
' No Landlord 

Problems! 
Operate 

Anytime 
« You Want! 

For the active CW operator, 
there* is nothing more fun than 
operating wi th the "Doctor DX" 
CW DX simulator. For the person 
who has never liked CW, Doctor 
DX wi l l show you what real fun Is. 

Doctor DX is more than the 
most sophist icated CW trainer 
ever developed, It is your DXpedl-
t ion ticket to anywhere in the 
wor ld at a very affordable price. 

DrDXCC 

WVW II, ii "I 
II l!.!l',,,,,l l-t l 

"Glf -ay T&f 
AEA even offers an awards 

program to owners o l Doctor DX 
that work all zones, 100 coun-
tries, 5 band Dr DXCC, or Doctor 
DX Honor Roll. 

Send for full detai ls, and see 
your dealer for a demonstration. 

Advanced Electronic Applications, Inc. 
P.O. BOX C2160 • LYNNW00D. WA 98036 
(206) 775-7373 • TELEX: IS2571 AEA INTL 
So0(1 Ua Yout QSL Today 

And Wo Will Bush Full Dolalls! 
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TRS-80 to select days and months for 1978 and 1983. 
Why did I select those particular years? 1983 was the 
current year; 1978 is 5 years before. In addition, copies 
of the Nautical Almanac for each of those years were 
easily available. I printed out the moon coordinates to 
three decimal places for the selected dates. Then I 
modified an existing statistical program so that I could 
efficiently use the TRS-80 to calculate the average, 
or arithmetical means, standard deviations, and ranges 
of errors. 

Average errors of less than 0.01 degree were ob-
tained with maximum errors under 0.2 degree in sam-
ple sizes approaching 100. This inherent accuracy of 
the basic program equations should be adequate for 
many Amateur EME stations. 

The above analysis is for geocentric GHA and dec-
lination data with the Nautical Almanac used as an ac-
curate standard for comparison. I could find no com-
parable standard for azimuth and elevation error anal-
ysis. However, at least one checkpoint each day can 
be used to gain some confidence in the AZ/EL calcula-
tions. When the moon's GHA equals your longitude, 
the azimuth should be 180 degrees. At that same time 
the elevation should be equal to 90 degrees minus your 
latitude ( +no r th / - south) plus the declination 
( + north/ - south). Checking these points for the days 
used in the preceding analysis, it was found that the 
azimuth differences at 180 degrees were less than 
0.011 degrees and elevation under 0.001 degrees, max-
imum. Average errors were 0.00037 and 0.00013, re-
spectively. (These are for geocentric values.) 

Having gained confidence in the ability of the fun-
damental equations to provide accurate results, the 
parallax corrections which had been bypassed for the 
above analyses were reinstated to provide output 
values referred to the surface rather than the center 
of the earth. These are given in lines 4750 through 4850 
and were based on information found in reference 3. 
Again, the lack of an accurate standard precludes a 
statistical error analysis but a straight comparison of 
GHA, declination, azimuth and elevation values before 
and after the parallax corrections may be useful. 

When this was done, all corrections were less than 
1.0 degree. Those for azimuth were "in the noise 
level," i.e., less than 0.005 degree. At moonset and 
moonrise, the elevation correction factors were very 
close to 1 degree and at azimuths near 180-degrees 
about 0.6 degree. (A detailed error analysis is available 
from ham radio, Greenville, NH 03048. Send an SASE 
with two first-class stamps attached. Request W2WD 
Moon Coordinate Error Analysis.) 

optimizing the program 

The program as presented is arranged for universal 
use. For frequent use at one location, it should be 
streamlined to eliminate the time-consuming task of 

keying in the repetitive portions of the input data. To 
do this, the following changes should be made: 

• At line 1450, remove the apostrophe ('). This has 
the effect of activating this GOTO 1730, which by-
passes the repetitive input data requirements. 

• At line 1730, remove the apostrophe (') and activate 
this line, replacing my standard input data with your 
standard input data: 

W$ ="your call letters" (use quotation marks! 
L5 = your latitude, degrees [negative ( - I for 

south latitude] 
U5 =your latitude, minutes 
L6 =your longitude, degrees [negative ( - ) for 

east longitude] 
U6 =your longitude, minutes 
TL$ = "your time zone" (use quotation marks) 
TD =time differential from GMT to your zone 

[negative ( - ) for zones west of GMT] 

When these changes have been made, the program, 
when called up, will immediately go to the question 
WHAT IS THE DESIRED PRINTING INCREMENT IN 
MINUTES (1-60)? Thus, you have avoided the logo, 
the need to input your call letters, local time, time dif-
ferential, latitude, longitude. This saves a lot of data 
entry time. I use two tailored programs . . . one set 
for Eastern Standard Time, for which I use the filespec 
"MOONEST" and the other "MOONEDT" for Eastern 
Daylight Savings Time. If you never use the low-ele-
vation mode, this section can be bypassed. If you do 
not have a printer, then that question can likewise be 
skipped. With some knowledge of BASIC program-
ming, making changes to suit your individual require-
ments are not difficult. 

The program was rewritten for the level II dialect 
of the Model I TRS-80 from versions presented in ref-
erence 4 by Lance Collister (WA1JXN) and Jay Lieb-
mann (K5JL). Enhancements have been added in the 
form of readouts for Local Sidereal Time, Right-
Ascension of the moon and path loss variations. Pro-
visions have also been made for the direct inputting 
of time zones and time differentials. Keyboard input 
statements have been error-trapped to reduce the 
chance for "cockpit" errors. 

For those wishing to avoid the task of manually key-
ing in the 10,000-byte program listing (see fig. 3), a 
500-baud, level II BASIC cassette tape is available from 
the author for $15.00 including postage. For Disk 
BASIC the taped program may be "cloaded" into 
memory after first shutting off the interrupts with the 
CMD"T" command. From memory it may then be 
"saved" onto a disk for future use. Two versions are 
on the tape. The first is the version as presented in 
this article. It was stretched out to make it easier to 
list and modify to your own requirements. The second 

46 EB January 1985 



1985 
CALLBOOKS 

f ig . 3. c o n t i n u e d 
4 3 2 0 R C = R A + R B 
4330 R Y » = S T R « ( R C ) 
4 3 4 0 IF RC-C10 T H E N RY*=flT*+RI6HT* (RY», 1) 
4350 IF R C < 1 0 0 T H E N R Y » = B T * + R t G H T * < R Y » , 2) 
4 3 6 0 IF R C < 1 0 0 0 T H E N R Y * = C T * + R I 5 H T » ( R Y « , 3) 
4370 R Y * = R I B H T » < R Y * , 4) 
4 3 8 0 P R I N T 
4 3 9 0 IF W W * = " Y E S " T H E N L P R I N T " " 
4400 P R I N T " R . A . O F M O O N = ";RY»; " P A T H - L O S S I N C R E A S E + " ; DB 

" DB" 
4410 IF W W * = " Y E S " T H E N L P R I N T "R.A. O F M O O N = ";RYt;" P A T H - L O S S 

I N C R E A S E + " ; D B ; " DB" 
4420 P R I N T 
4430 N E X T N 
4440 END 
4450 REM: C A L C U L A T E D I S T A N C E TO T H E M O O N 
4460 D D # = J D # - 2 4 4 4 2 3 8 . 5 
4470 A A = 0 . 9 8 5 6 4 7 3 3 
4480 E D — 3 . 7 6 2 0 6 
4490 M S = < A A * D D # > + E D 
4500 IF M S < 0 T H E N M S = M S + 3 6 0 : G O T O 4500 
4 5 1 0 IF M S > 3 6 0 T H E N M S = M S - 3 6 0 : G O T O 4510 
4520 AE=0. 1 B 5 8 « S I N ( M S » 0 . 0 1 7 4 5 3 3 ) 
4530 A F = 0 . 3 7 * S I N < M S » 0 . 0 1 7 4 5 3 3 ) 
4540 L S = < A A * D D # ) * ( 1 . 9 1 5 7 4 1 7 * S I N ( 0 . 0 1 7 4 5 3 3 * ( ( A A * D D # ) * { - 3 . 7 6 2 8 6 ) ) ) ) 

+ 2 7 8 . 8 3 3 5 4 0 
4550 IF L S < 0 T H E N L S = L S + 3 6 0 : G O T O 4550 
4560 IF L S > 3 6 0 T H E N L S = L S - 3 6 0 : G O T O 4560 
4570 L L = ( 1 3 . 1 7 6 3 9 6 6 * D D # ) + 6 4 . 9 7 5 4 6 4 
4580 IF L L <0 T H E N L L = L L + 3 6 0 : S O T O 4580 
4390 IF L L >360 T H E N LL=LL-36Ci: G O T O 4590 
4600 C C = L L - L S 
4 6 1 0 M M = L L - ( O . 1 1 1 4 0 4 1 » D D # ) - 3 4 9 . 3 8 3 0 6 3 
4620 IF MM<0 T H E N M M = M M + 3 6 0 : G O T O 4620 
4630 IF MM >360 T H E N M M = M M - 3 6 0 : G O T O 4630 
4640 E V = 1 . 2 7 3 9 * S I N ( ( < 2 * C C ) - ( M M ) ) * 0 . 0 1 7 4 5 3 3 ) 
4 6 5 0 M N = M M + E V - A E - A F 
4660 E C = 6 . 2 8 8 6 * S I N ( M N * 0 . 0 1 7 4 5 3 3 ) 
4 6 7 0 110=383242.41/(1+0. 0 5 4 9 0 0 » C D S I ( M N + E C ) « 0 . 0 1 7 4 5 3 2 9 2 ) ) 
4680 REM: C O N V E R T D I S T A N C E V A R I A T I O N TO P A T H - L O S S C H A N G E (DB) 
4690 D B = M D / 3 5 6 3 3 4 
4700 D B = 4 0 * L 0 G ( D B ) / L O G ( 1 0 ) 
4710 D B = I N T ( D B * 1 0 + 0 . 5 ) / 1 0 
4720 R E T U R N 
4730 E N D 
4740 REM: C O R R E C T I O N S F O R P A R A L L A X 
4750 H 1 = H 
4760 R * = M D / 6 3 7 8 . 1 6 
4770 U = A T N ( 0 . 9 9 6 6 4 7 » T A N < L 5 ) ) 
4780 P 1 = 0 . 9 9 6 6 4 7 » S I N < U ) 
4790 P 2 = C 0 S ( U ) 
4800 H C = A T N C < P 2 * S I N < H ) ) / < R # « C 0 S ( D 1 ) - P 2 * C 0 S < H ) ) ) 
4810 H = H + H C 
4820 G = L 6 - H 
4830 D 1 = A T N ( ( C O S ( H ) ) * ( < R # » S I N ( D 1 ) ) - P l ) / I < R » * C D S ( D 1 ) * C D S < H 1 ) ) - P 2 ) ) 
4840 R E T U R N 

is a customized version which will be 
set to your station parameters if you 
include the necessary information. I 
will need your station call letters, your 
latitude, your longitude, your local 
time zone, and the difference between 
your time and GMT. Also include 
whether you want the low-elevation 
and printing routines bypassed. 

The two programs are also available 
on a diskette ($18.00) formatted to run 
on TRSDOS compatible operating 
systems. It has been checked on 
single-density TRSDOS 2.3, 
NEWDOS 2.1, NEWDOS-8O 1.0, 
DOSPLUS 3.3 and LDOS 5.0. A 
double-density version will run on 
NEWDOS-8O 2.0 or DBLDOS 4.23 and 
perhaps others using a Percom doubler 

with a Model I machine. Be sure to 
specify single or double-density and in-
clude the same information as speci-
fied in the paragraph above. 

references 
1. H.C. Ko, "The Distribution of Cosmic Radio 
Background Radiation," Proceedings of the IRE, 
January, 1958, pages 206 215. 
2. C.R. Somerlock, W3MCP, "Sky Temperature 
Behind the Moon, " QST, October, 1964. 
3. Peter Duffett-Smith, Practical Astronomy With Your 
Calculator, Second edition, Cambridge University 
Press, 1981. 
4. EIMAC Publications AS-49 6 and AS-49-17, Varian 
El MAC, Inc.. 301 Industrial Way, San Carlos, California 
94270. 
5. The Nautical Almanac for The Year 1978, issued by 
the U.S. Naval Observatory, for sale by the United 
States Government Printing Office. 
6. The Nautical Almanac for The Year 1983, issued by 
the U.S. Naval Observatory, for sale by the United 
States Government Printing Office. 
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NEW! 
Special North 
American Edition 

As an added bonus, the 1 9 8 5 U.S. Ca l lbook 
also lists the amateurs in Canada and M e x i c o ! 
Y o u get the comp le te and accurate U.S. 
l is t ings (prepared by ou r o w n ed i t o r i a l s ta f f ) , 
a l l the usual up- to-date C a l l b o o k char ts and 
tables, P L U S Canada a n d M e x i c o . N o w tha t 's 
real va lue! 

The best just got better! 
Of course, Canadian and Mex ican amateurs 
are also l is ted in the 1985 Fore ign Ca l l book . 
D o n ' t de lay ! The great new 1985 Cal lbooks 
were pub l i shed December 1 , 1 9 8 4 . 

Order your copies now! 

Each Shipping rotal 

a u . s . Ca l l book $21 .95 $3 .05 $25 .00 
a Fore ign C a l l b o o k 2 0 . 9 5 3 .05 24 .00 
Order b o t h books a t the same t i m e for 
$45 .00 i n c l u d i n g sh ipp ing w i t h i n the U S A . 

Orde r from y o u r dealer or d i r ec t l y from the 
pub l i sher . Fore ign residents add $4 .55 f o r 
sh ipp ing . I l l i no is residents add 6 % sales tax . 

Keep your 1985 Callbooks up to date. 
T h e U.S. and Fore ign Supp lements con ta in 
al l a c t i v i t y f o r the prev ious th ree m o n t h s 
i n c l u d i n g new licenses. Ava i lab le f r o m the 
pub l i sher in sets o f th ree (March 1, June 1, 
a n d September 1) f o r o n l y $15 .00 per set 
I n c l u d i n g sh ipp ing . Spec i f y U.S. or Fore ign 
Supp lements when o rde r ing . I l l ino is res-
idents add 6 % sales t ax . O f f e r v o i d a f ter 
November 1, 1985 . 
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Use this device 
to determine Yagi 

or other antenna patterns 

a sensitive field strength meter 
While attempting to make some meaningful 
relative field strength measurements on an antenna 
system some months ago, I found my years-old field 
strength meter to be quite inadequate, Its lack of sen-
sitivity meant that measurements had to be made close 
to the antenna, where the induction field introduced 
error in the radiation field I was actually interested in. 
Its non-linearity was also a problem. 

I decided to design a new unit that would include 
a stable, sensitive linear amplifier, provisions for 
remote monitoring, and a meter calibrated in decibels. 
The final results proved so satisfactory that it seemed 
other Amateurs would be interested in this project. 

Figure 1 shows the schematic. The two-pole, five-
position switch, coils and 365 pF variable capacitor 
cover a range from 1.5 to 30 MHz. (The combination 
of parts came from an old low-power transmitter.) 

Almost all handbooks show coil-capacitor combina-
tions that can be used for field strength meters, so 
Amateurs can build the kind of unit that best suits their 
needs. In addition, they can incorporate any kind of 
pickup coupling system for the pickup antenna of their 
choice. My own measurements were sufficiently satis-
factory using a short antenna only a few feet long con-
nected directly to the ANT binding post. When a 
longer antenna for pickup was desired, it was con-
nected to CAP, binding post C, where it connected 
to C2, a small 50 pF variable capacitor. 

The amplifier uses a couple of Darlington NPN tran-
sistors whose high beta, 5000, provides high sensitivity 
with S1 used as the amplifier ON/OFF switch. Switch 
S2 in the left position allows the output of the 1N34 

diode to be fed directly into the 50 ^A meter (M) for 
direct reading. When S2 is in the right position, the 
amplifier is switched into the circuit. Switch S3 is for 
LOCAL or REMOTE monitoring. At full GAIN setting 
the input signal is adjusted to give a full-scale reading 
of fifty microamperes on the meter. Then with the 
amplifier switched out of the circuit, the meter reading 
drops down to about half a microampere. 

A 2.5 mH RF choke and capacitors C3, C4, and C5 
effectively keep RF out of the amplifier circuit. 

two balance adjustments ' 
are required 

Because of the high sensitivity of the amplifier cir-
cuit, it's best to have two balancing controls, R7 (BAL, 
front panel adjustable) and R8 (an internal screw-
driver-adjustable potentiometer). When initially setting 
R8, adjust it in conjunction with R7. Doing this allows 
the GAIN control to be varied from zero to full gain 
with the meter indication remaining at zero. 

Because the amplifier circuit is basically a balanced 
bridge type, a zero-center meter could have been 
used. But none was available, so R3, an 82-ohm off-
set resistor, was added. Its function is to prevent the 
meter from swinging too hard to the left below zero, 
which might occur if the panel balance control were 
inadvertently turned fu|ly counterclockwise with the 
amplifier gain turned fully on. The best safe operating 
procedure to employ is always to turn the gain con-

By William Vissers, K4KI, 1245 S. Orlando 
Avenue, Cocoa Beach, Florida 32931 
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trol down to zero before turning the power switch ON, 
and then initially balance the circuit while slowly ad-
vancing the gain control. This is a common precaution 
used in all sensitive bridge circuits. 

additional features 
The addition of binding posts A and B allows the 

amplifier to be used by itself as a high impedance, high 
gain amplifier, where binding posts A and E are used 
for a + input and ground. 

Switch S3, a remote metering circuit in my original 
field strength meter, was also incorporated in the new, 
more sensitive unit. However, it was found necessary 
to add the RF filter circuit to help eliminate RF pickup 
from the remote metering wires to the unit. This 
remote metering feature is not really necessary, but 
is handy if you want to elevate the field strength meter 
a few feet when making beam antenna measurements. 
Care should be taken that the remote meter wires are 
both shielded and properly grounded, because it 
doesn't take much RF getting back into the field 
strength meter to upset the initial balance. 

Although the meter readings by themselves are a 
good indication of relative field strength, it was 

thought desirable to provide a theoretical calibration 
curve relating meter deflection to dB change, and then 
to do an actual calibration using the test circuit shown 
in f ig. 2. 

calibrating is easy 
The theoretical dB calibration curve can be best 

understood if, for example, we use full scale on the 
meter 50 ^A as 0 dB with a given input signal. Now 
if the input signal were reduced sp that the meter reads 
30 pA, then the dB drop in signal level is dB = 20 
logio (30/50) = 4.44 dB. This calculation is for a 
perfect linear system; and by usjng this mathematical 
procedure it is easy to calculate and develop the 
theoretical dB curve of f ig.3 for different values of 
meter current. 

This curve is very easy to use. For example, with 
the field strength meter set up away from yopr 
station, if you rotated your beam and saw that the 
maximum meter reading went over 50fiA, just cut back 
on the GAIN control on the field strength meter, so 
that the maximum reading is either 50 fJK or somewhat 
lower. The maximum reading does not have to be ex-
actly 50 fjA, as shown by the following example. 
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DC. VOLTAGE 
SUPPLY 

VOL TAGE 
CON TROL 

BINDING POSTS 

OF FIELD 

STRENGTH METER 

Item description 

PS 0-25 volt OC power supply (see toxtl 
PI0 10a kilahm 1-watt potentiometer 
R11 370 kilohm. 1/2-walt carbon resistor 
RJ2 3 6kiloltm. UZ-inatt carbon resistor 

fig. 2. Calibration test unit. 

If the maximum reading were 45 \xA arid the 
minimum reading 10 \itk, then from fig. 3, 45 pA is 
equal to -0 .915dB, and 10 ̂ A is equal to -13.98 dB 
and the numerical difference is -13.065 dB, which 
can be rounded off to -13 .1 dB. 

The reason that it is not necessary to have the 
microammeter set exactly at 50 ^A when reading the 
maximum signal is that decibels can be added or sub-
tracted from each other anywhere along the curve to 
give the correct dB difference. 

It should be pointed out, however, that better ac-
curacy is obtained if the maximum reading is set in-
itially close to 50 juA. This is because, as in most 
metering systems, the percentage accuracy obtainable 
is less at the lower end of a scale than at the top. Also, 
the curve shown was not extended below 5 mA. 

I happened to have a small variable 0-25 VDC power 
supply with a reasonably accurate built-in voltmeter. 
Almost any kind of variable supply with a voltmeter 
can be used, as the power supply voltage is factored 
into the calibration procedure to be described. The at-
tenuator network is used to reduce the power supply 
voltage so that full scale on the microammeter could 
readily be obtained at full gain of the amplifier, with 
the power supply set at 25 volts. 

Before beginning the calibration procedure, it is first 
necessary to isolate the resonant circuits from the in-
put terminals; otherwise the coils would provide a DC 
short between the RF input binding posts D and E 
used for the calibration input voltage.This can be ac-
complished by temporarily opening the circuit between 
points X and Y of fig. 1. An alternate method is just 
to slip a piece of paper between the coil contact on 
the turret and the arm of the rotary switch. 

The test unit is then connected to the input binding 
posts D and E, as shown, and R10 rotated to the 
counterclockwise, or zero-output position. The 
amplifier is now turned on, properly balanced to zero, 
and the GAIN control set to its maximum position. The 
balance should again be checked, and it should still 
be at zero. The power supply is turned on, and the 

fig. 3. Measured data show ing close correlation to 
theoretical values indicates g o o d amplifier linearity. 

voltage adjusted to read 25 volts. R10 is rotated in a 
clockwise direction until the field strength micro-
ammeter indicates a full scale reading of 50 (jA. R10 
should not be adjusted further, since its setting now 
has established the zero dB level. 

The power supply voltage is now reduced until the 
microammeter reads 45 nA. The power supply voltage 
is now read and recorded. This procedure is again 
repeated for 40 pi A, again reading and recording the 
power supply voltage. Similar successive steps, each 
5 ptA lower are done, until the final microampere 
reading of 5 / jA is made and data recorded. The actual 
recorded data is indicated in fig. 3. 

The actual calculated dB for a measured reading of 
voltage is done as follows: for example, at 30 piA, the 
power supply voltage was found to be 15.2 volts. The 
actual calculated dB for a measured reading of, for 
example, 30 y.A, and a recorded power supply voltage 
of 15.2 volts is equal to 20 log,0 (15.2/25) = -4 .32 
dB. This is quite close to the theoretical value of - 4.44 
dB previously shown. The resulting data and curve is 
shown in figs. 3 and 4. Good correlation between 
theoretical and observed data shows that the amplifier 
had a good linear characteristic. Although the amplifier 
was calibrated using DC voltage, the results obtained 
showed the unit to be very useful as a device for 
measuring relative dB levels. And that is what most 
Amateurs are really interested in. The measure of ab-
solute field strength normally requires extremely good 
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O THEORETICAL CURVE 

A MEASURED DATA 

MICROAMPERES 
THEORETICAL 

<38 

TEST POWER 

SUPPLY yOLTASE 

CALCULATED 
MEASURED 

dB 

50 0 25 0 

45 -0.915 22.4 -0.954 

40 -1.94 19.7 -2.07 

35 -3.10 17.6 3.OS 

30 -4.44 15.2 -4.32 

25 -6.02 12.5 -6.02 

20 -7.36 10.1 -7.67 

15 -10-46 7.6 -10.34 

10 -13.98 5.3 -13.47 

5 -20 2.6 -19.66 

0 oc 

5 10 15 20 25 30 35 40 45 50 

fig. 4. Measured and theoretical data. 

commercial equipment and is not generally used in 
Amateur-type measurements. 

Although the calibration curve was shown for the 
full maximum gain of the amplifier, several similar 
curves were run at lower gains, down to 20 percent 
of maximum gain, and no noticeable variations were 
encountered. This indicates that the curve shown can 
be used between the limits pf full gain down to 20 per-
cent of full gain. My own experience is that if your 
signal is very strong, just reduce the size of your pickup 
antenna or move your field strength meter further 
away from your transmitting antenna. Actually, the 
further you are away from your transmitting antenna, 
the better patterns you will obtain. 

field testing 
After experimentation at my own station, the unit 

was taken to the home of Russell Forsyth, K4YS, who 
had recently put up a large 20-meter beam. The 
azimuthal pattern in dB was readily obtained, with a 
front-to-back ratio measured at 14 dB, corresponding 
to a power ratio of a little over 25:1, which seemed 
reasonable for the beam he used. A rather interesting 
anomaly was observed, in that at a certain direction 
when the beam was rotated, the field strength meter 
showed a marked irregular intermittent variation. 
Shaking the tower seemed to aggravate the condition, 
indicating that perhaps one of the elements was loose, 
or perhaps the mast was not perfectly vertical, and 
at certain positions, perhaps loose bolts or something 

else was causing the problem. At the moment, we still 
do not know what the problem is, but it does show 
that the field strength meter can also be used as a 
diagnostic tool in problems of this type. 

Other tests near my home, where we have a high-
voltage line nearby, showed that there was some sort 
of pickup near the power poles on rainy days, parti-
cularly when corona could be heard. The noise was 
tunable and verified as line noise interference by using 
a small transformer and earphones connected to the 
REMOTE binding posts instead of a meter. Apparently 
the lightning protection system, which incorporates 
a ground at each pole and a overhead ground line, was 
being shock-excited by the corona discharge and 
causing those loop circuits to have induced noise 
oscillations. (At least that's what it seemed to me.) 
Perhaps later I can use the meter to track down ex-
cessive line noise that occasionally is quite high on my 
Yaesu FT-101B. 

There were no problems in the design or construc-
tion of the basic unit and its modifications. Though 
the field strength meter, as shown in the photograph, 
is quite large, it could certainly be reduced in size. I'm 
hoping that its use will provide Amateurs with a more 
sensitive method of making relative antenna measure-
ments, so essential to good antenna experimentation. 
I'll be glad to answer any questions or comments you 
might have. Just send an SASE to the author at the 
address indicated. 

ham radio 
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Modern design approach 
cuts cost, reduces size, 

and eliminates drift, 
tuning, tweaking, 

and passband loss 

an integrated circuit 
low-pass filter 

Operational amplifiers, developed and popularized 
in the late 1960s, have all but eliminated audio ampli-
fiers desigped using discrete transistors, resistors, 
and capacitors. Amplifiers built with discrete com-
ponents are usually designed for special applications. 
In an analogous manner, audio frequency filters have 
evolved. First came the LC filters. In widespread use 
since before 1920, they are characterized by large 
physical size and weight, complexity of design pro-
cedure, and critical component values. Next came the 
active filters. Active filters were first implemented 
using vacuum tubes, then discrete transistors, and 
today using integrated circuits — typically quad op 
amps. These circuits did away with bulky inductors 
and complicated design procedures. Any adjustments 
needed on an active filter could be accomplished by 
"tweaking a pot" or two. As manufacturers of in-
tegrated circuits saw large numbers of op amps being 
used to manufacture the same type of active filters 
again and again, they saw the opportunity to profit 
from the manufacture of dedicated filtering devices. 

The use of one of these integrated circuit filters is the 
subject of this article. 

The device discussed in this article is the S3528 pro-
grammable low-pass filter, manufactured by American 
Microcircuits, Inc., 3800 Homestead Road, Santa 
Clara, California 95051. Contained within one eighteen-
pin dual inline package (DIP) is a complete seventh-
order elliptical low-pass filter; its passband ripple is 
less than 0.1 dB, and its stopband attenuation is 
greater than 51 dB for frequencies greater than 1.3 fc 

(cutoff frequency). 
In addition, this IC contains two uncommitted oper-

ational amplifiers that can be used to provide additional 
filtering and gain. The device is also progammable for 
cutoff frequency. This means that the cutoff frequency 
is not fixed, but can be changed by providing switch 
or logic level inputs to the device. The S3528 also has 
a built-in oscillator for use with an external crystal, 

By Robert L. Martin, WB2KTG, 45 Salem Lane, 
Little Silver, New Jersey 07739 
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Block Diagram Pin Configuration 
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fig. 1. S3528 programmable low-pass filter. (Courtesy American Microsystems, Inc., 1984.) 

such as the low-cost 3.58 MHz TV crystal. This feature 
allows very stable performance over a wide range of 
temperature and voltage. If desired, an external oscil-
lator may be used. The frequency range of operation 
of this low-pass filter is 40 Hz to 20 kHz with the TV 
crystal, or 10 Hz to 20 kHz with an external oscillator. 
A block diagram and pin layout are shown in fig. 1. 

The six data inputs, D0-D5, are tied to either + 5 
VDC or GND to program the cutoff frequency into the 
device according to the coding shown in table 1. 
These data inputs, latched by an input buffer, are used 
to preset the internal divider to give the proper fre-
quency to the switched capacitor filter. 

In our demonstration circuit, a 6-position jumper 
"patch panel" provides the frequency selection. If you 
connect the D0 through D5 inputs to the buffered data 
bus of a microcomputer, the cutoff frequency can be 
varied by simply outputting the proper code per 
table 1. 

switched capacitor filters 
This integrated circuit filter uses CMOS op amps, 

CMOS transmission gates (switches), and CMOS 
capacitors to synthesize the required filtering function. 
The technique used is that of a switched capacitor 
filter. The following discussion will explain the func-
tioning of a simple SCF circuit. 

Figure 2 illustrates a simple RC active first order 

low-pass filter and fig. 3 an SCF version of the same 
circuit. If the switch in fig. 3 is in position "A," the 
voltage on capacitor Cr becomes equal to the input 
voltage. If the switch is then changed to position "B , " 
the charge on Cr can be considered to have been 
transferred to capacitor C. The basic function illus-
trated being that of integration or low-pass filtering. 

The value of the simulated resistor (Cr and the 
SPDT switch) depends only on the capacitance of Cr 

and the switching frequency. Since the ratio of 
capacitor sizes is proportional to their surface areas 
in an integrated circuit, the ratio remains stable over 
a wide temperature and voltage range. If the switching 
frequency is crystal controlled, or otherwise stabilized, 
a very frequency-stable filter results. 
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fig. 4. Input anti-alias low-pass filter. 

> 
fig. S. Output smoothing low-pass filter. 

one problem with SCFs 
The S3528 filter uses a switching frequency apprbxi-

mately 80 times the progammed cutoff frequency. AS 
long as the input signals are far removed, no greater 
than 10 percent of the switching frequency, there are 
no problems. If, however, some portion of the irtput 
signal contains energy at the switching frequency, a 
phenomenon known ds "aliasing" will occur. An alias 
is a spurious signal that appears at the output, indis-
tinguishable from the desired low-frequency signal. 

One way to visualize what is happening is to think 
of the stroboscopic effect observed in a Western 
movie when the frame flicker rate is approximately 
equal to the rotational speed of the spoked wagon or 
stage coach wheels: the wheels may appear to be sta-
tionary, or even going backward. This is an example 
of visual aliasing. 

To prevent this from happening in our circuit, we 
apply a simple active RC low-pass filter to the input. 
We use the input op amp as shown in fig. 4. 

To properly size R1, R2, and C1 the following 
method is used: 

Determine the required amplification factor of 
the filter. For ease of application, limit gains to be-
tween 1 and 10. Assume R1 = 10 kilohms. This estab-
lishes the input impedance of this filter. R2 = n -R1 
where n is the required gain. 

Determine the desired cutoff frequency. Multiply 
this frequency by 2 and apply this to the following 
formula: 

C / 
6.28• JR2 (1) 

For example: 

Gain = 3.5 

Cutoff frequency = 100 Hz 

R2 = 35 kilohms 

table 1. Frequency vs. input coding for S3528. 

NOMINAL 
CUTOFF 

INPUT CODE 
BINARY (HEX) DIVIDER 

FREQ. (HZ) D5-D0 RATIO FREQ. (HZ) 

40 000000 (00) 2048 44 
100 000001 (01) 895 100 
200 000010 (02) 447 200 
250 001011 (0B) 358 250 
300 000011 (03) 298 300 
400 000100 (04) 224 399 
475 001010 <0A) 18B 47fc 
S00 000101 (05) 179 500 
600 000110 <06) 149 601 
700 000111 (07) 12B 699 
600 001000 (08) 112 799 
900 001001 (09) 99 904 
1000 001100 (0C) 90 994 
1000 010000 (10) 89 1005 
1030 001101 (0D) 87 1028 
1050 001110 (BE) 85 1053 
1100 010001 (11) 81 1105 
1150 001111 <0F) 78 1149 
1200 010010 (12) 74 1209 
1300 010011 (13) 69 1297 
1400 010100 (14) 64 1398 
1470 011010 (1 A) 61 1467 
1500 010101 (15) 60 1491 
1540 011011 (IB) 58 1542 
1600 010110 (16) 56 1598 
1700 010111 (17) 53 
1720 011100 <1C) 52 1721 
1800 011000 (IB) 50 1790 
1900 011001 (19) 47 1904 
1950 011101 (10) 46 1945 
2000 100000 (20) 45 1989 
2030 011110 (IE) 44 2034 
2100 100001 (21) 43 2081 
2200 100010 (22) 41 21B3 
2240 011111 (IF) 40 2237 
2300 100011 (23) 39 

3 8 3 2350 101010 (2A) 38 3 8 3 
2400 100100 (24) 37 2418 
2500 100101 (25) 36 2666 
2560 101011 <2B) 35 2557 
2600 100110 (26) 34 2632 
2700 100111 (27) 33 271 1 
2800 101000 (28) 32 2797 
2900 101001 (29) 31 28B7 
3000 110000 (30) 30 2983 
3100 110001 (31) 29 3086 
3300 

110010 (32) 28 3196 
3300 110011 (33) 27 3314 
3400 110100 (34) 26 3442 
3600 110110 (36) 25 3579 
3700 110111 (37) 2* 3728 
3900 111001 (39) 23 3B91 
4000 101100 <2C) 22 4067 
4470 101101 (2D) 20 4474 
5000 101110 (2E) 18 4971 
5600 101111 (2F) 16 5593 
6000 110101 (35) 15 5965 
6400 111000 (38) 14 6392 
7500 111010 (3A) 12 7457 
9000 111011 (3B) 10 8949 
10000 111100 

111101 
(3C) 9 9943 

15000 
111100 
111101 (3D) 6 14915 

17897 18000 111110 (3E) S 14915 
17897 

22000 111111 (3F) 4 22372 
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fig. 6. (A) shows parts layout; If l) , wiring diagram: ICI. 
1:1 negative PC layout. 

Item description 
C1.CZ determined by the desired frequency. 

pollster, 35 VDC 
C3, C4 0.01 fiF, disc ceramic, 35 VDC 
ICI S3528 AMI, Inc. 
R1,R2,R3,R4 10 kilohm, 1/4-watt, carbon film resistors 
R5 10 megohm, 1/4-watt, carbon film resistor 
socket IB pin, solder tab type 
VI 3.58 MHz ''color burst' crystal. 

HC-6-U holder 
Either printed circuit card or perforated wiring board 
Miscellaneous: solder, 12-lnch tinned, bare jumper wire 

C ~ 6.28-2(Jd• 35000 " 0 0 2 

The values of R and C calculated are not critical. You 
can use the nearest available device without signifi-
cant performance degradation. 

The output of the S3528, pin 9, should not be used 
directly to drive a load of less than 10 kilohms. To 
buffer the output and to provide smoothing of the out-
put signal, the op amp at pins 6 and 7 can be con-
figured as a low-pass filter. Refer to f ig . 5 for details. 

To properly size R3, R4, and C2, use the following 
guidelines and example: 

gain of output op amp/filter = 1 
R3 = R4 = 10 kilohms 
output low-pass filter corner frequency 
= 2 elliptic filter cutoff frequency 

Calcuiate: 

C = 6 . 2 8 h - 2 f =
 0 - 0 7 9

 ^ 

(0.1 ^F is close enough) 

For applications requiring a variable cutoff frequency 
over a 10:1 (or less) range, the input and output net-
works should be sized for the highest desired fre-
quency. For applications over a wider range, external 
filtering or using switched filtering components may 
be required, depending on the nature of the signals 
being processed. 

As with any new components, it is wise to experi-
ment with the S3528 on a solderless breadboard or 
a prototype evaluation board prior to incorporating it 
into a new design. 

Readers who wish to etch their own PC cards 
should refer to fig. 6 for a full-size copy of the negative 
artwork and components layout. Printed circuit cards 
and kits are available from the author; see page 63 for 
details. 

circuit applications 
The circuit and PC card have been used in numerous 

applications around the ham shack and laboratory. As 
a low-pass filter for preprocessing the signals from the 
station microphone, it gives good performance while 
having extremely fast rolloff above the cutoff frequen-
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cy. As an audio output processor from the station 
receiver, it is capable of narrowing the effective width 
of the receiver's internal crystal filters without 
degrading the shape factor of the crystal filters. 

In low-frequency signal processing, it can complete-
ly eliminate 60 Hz audio hum from low-level signals. 
It could be used in a modem or terminal unit for this 
purpose. Similarly, it can be used in biomedical or 
biofeedback circuits to eliminate hum and higher fre-
quency products while extracting EEG or ECG signals. 

conclusion 
The device described in this article is only one of 

many switched capacitor filter integrated circuits 
available for use as general-purpose SCF building 
blocks for producing literally any complex filtering 
function. Designers of commercial and military equip-
ment are making good use of these devices for lower 
cost, higher reliability, reduced size, reduced weight, 
and ease of design. 

Judgment must be used when using this filter with 
pulse or digital circuits. As with any high Q filter, ring-
ing and pulse shape distortion may occur. Again, ex-
periment with the filter before committing to a new 
design. 

T h e f o l l o w i n g a r e ava i lab le f r o m S n i v v y E lect ron ics , 45 
S a l e m L a n e . L i t t le S i l ve r , N . J . 07739. 

P r i n t e d c i rcu i t ca rd , g lass e p o x y 
S3528 i n t e g r a t e d c i rcu i t 
C o m p l e t e k i t o f all pa r ts 
i n c l u d i n g c a p a c i t o r s C1 , C 2 
f o r 100 H z . 1000 H z , 
2000 H z , 2500 H z 

$ 6.50 

$12.50 

$22.50 

N . J . r e s i d e n t s p lease a d d 6 p e r c e n t N . J . S a l e s T a x . 
A l l sa les i n c l u d e a c o p y o f t h e S3528 a p p l i c a t i o n s br ie f 
a n d c o m p l e t e c i rcu i t d a t a . 

ham radio 

IF YOU COMBINE 1.3 - 1296 and 249.95 WHAT DO YOU GET? 
A COMBINATION THAT YOU CAN'T BEAT. 

COUNIED 
< 9 « ' 

M l . 

1.3 IS THE FREQUENCY 
1296 IS THE BAND 

5249.93 IS THE PRICE 

• Accuracy i I ppm ( 0001) 
• Reads 1296 Mh; Band 
• Stability ± 1 ppmfflour 
• Stability t itpm/Mo 
• 1 1 5 v operation 
• lewp t 3ppn 20 to 50 C 

• Frequency Range 10Hz to 1 3Gte 
• 4" 8 Digit LEO Display 
*Automatic decimal point 
• 5V:" x 6" x 2" all metal ease 
• Built in ptc-solei 
• I year warranty . _ , 
• Inpul impedance 1M olim/20 pi lo tdfl Mtu - 50 ohm above 100 Mlu 

MASTER CARD OR VISA ACCEPTED 15 M y . N 0 HASSIE 
CAR 716-874-5844 or WRITE: RETURN GUARAHTEE 

n i r i T n . 536 Sheridan Drive. Tonawmwja. 
U l u l I r l U tu l rw i l s lie. New m s o (716) 8745848 

0 K.V.G. 
9 M H z C R Y S T A L F I L T E R S 

MODEL 
Appli-
cation 

Band-
width Poles Price 

XF-9A SSB 2.4 kHz 5 $53 15 
XF-9B SSB 2,4 kHz 8 72.05 
XF-9B-01 LSB 2.4 kHz 8 95.90 
XF-9B-02 USB 2.4 kHz 8 95.90 
XF-9B-10 SSB 2.4 kHz 10 125.65 
XF-9C AM 3.75 kHz 8 77.40 
XF-9D AM 5.0 kHz 8 77.40 
XF-9E FM 12.0 kHz 8 77,40 
XF-9M c w 500 Hz 4 54,10 
XF-9NB c w 500 Hz 8 95.90 
XF-9P c w 250 Hz 8 131.20 
XF910 IF noise 15 kHz 2 17,15 

1 0 . 7 M H z C R Y S T A L F I L T E R S 
XF107-A NBFM 12 kHz 8 $67.30 
XF107-B NBFM 15 kHz 8 67.30 
XF107-C WSFM 30 kHz 8 67.30 
XF107-D WBFM 36 kHz 8 67.30 
XF107-E Pix/Data 40 kHz 8 67.30 
XM107-S04 FM 14 kHz 4 30.15 
Export Inquiries Invited. Shipping S3 75 

M I C R O W A V E M O D U L E S V H P & U H F E Q U I P M E N T S 
Use your existing HF or 2M rig on other VHP or UHP bands. 

L O W N O I S E R E C E I V E C O N V E R T E R S 
1691 MH2 
1296 Mil.' GaAsFET 
432/435 
439-ATV 
220 MHz 
144 MHz 

MMk1691 137 
MMkl296-144G 
MMC432-284S) 
MMC439 CH » 
MMc22028 
MMC144-28 

$249.95 
149.90 
74.95 
84.95 
69.95 
54.95 

Options: Low NF(2.0dB max.. 1.25 dB max.). other bands S IF's available 

L I N E A R T R A N S V E R T E R S 
1296 MHZ 1.8 W output. 2M in 
432/435 10 W output, IOM in 
144MHz lOWoulput, lOMin 
Other bands & IPs available. 

L I N E A R POWER A M P L I F I E R S 

MMI1296M.IG 
MMI<I32-2B(S) 
MMII44 28 

1296 MHz 20 W output 
432/435 100 W output 

50 W output 
30 W output 

144 MHz 200 W output 
100 W oulpul 
50 W oulpul 
30 W oulpul 

All models include VOX T/H switching. 
• t " models i or 3W onve. oihers low drive 
Shipping: FOB Concord. Mass 

ANTENNAS I 
420-450 MHz MULTIBEAMS 
28 Element 70/MSM28 12 dBd 
48 Element 70/MBM48 15 7 dBd 
88 Elemnni 70/MBM88 18.5 dBd 
144-148 MHz J-SLOTS 
8 over 8 Hor pel OM/2M I? 3 ilfiri 
8 by 8 Vert pol DB/2M veil !2 3dBtl 
10 • 10 Twist 10XY/2M i 1 3 dBd 

UHF LOOP YAGIS 
1250-1350 MHZ 29 loaps 1296 LV 20 dBi 
1650-1750 MHz29loops 1691-LY20dBi 
Order loop-Vagi connector extra: 

UPlZJS-Mt, 
MML432-100 
MML-132-50 
MMC-132-30-LS 
MML144 200S 
MMLI44-100-LS 
MML144-50-S 
MMLM-I-30-I.S 

5,299 95 
259 95 
189 35 

•139 95 
369 95 
19995 
209.95 
374.95 
239.95 
149 95 
109.95 

» « - 539 95 
-35J& 59.95 

-teS-Sfr- 89 95 

S63 40 
79.95 
69.95 

•17.95 
57 95 

Type NS 14.95, SMA $5.95 

iiciid ::)£ i . •'!• IK1' oclaii', o' 
mcni am! KVG (Jibuti U-iUiiniiin 

l (617) 263-2145 
SPECTRUM 

INTERNATIONAL, INC. 
Post Office Box 1084 
>rd, MA 01742, U.S.A. 
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the reduced-size, full-performance, 
corner-fed 

delta loop 
For broadband 

DX performance, 
try this one 
on for size 

The full wave loop, whether in delta or quad form, 
has enjoyed popularity over many years. It forms the 
basis for the well-known and very effective 2-element 
quad antenna, the history of which can be traced back 
over 30 years. 

A single loop in quad (diamond shape) or delta 
(apex up) has the following advantages: it requires 
only a single support, matches easily into low im-
pedance coax, and offers broadband performance. 

In May, 1974, L.V. Mayhead, G3AQC, published a 
very interesting article on the operation of loop anten-
nas close to ground.1 By modelling the antennas at 
UHF, he found that the angle of radiation of a delta 
loop close to ground could be significantly lowered if 
it were fed at either side corner instead of at the center 
of its base leg. This had important and useful implica-
tions for the use of such antennas on the lower 
frequencies. 

The corner-fed delta loop has also been mentioned 
as an effective DX antenna by ON4UN in his book 
80-Meter DXing,2 and references to it have appeared 
in many popular Amateur journals over recent years. 

Space for a full-sized 7 MHz delta loop was not 
available at my station in North Sydney, Australia. 
However, previous experiments carried out in England 
showed very little deterioration in performance of two-
thirds size, side-loaded quads at HF compared to full-
sized quads. I decided, therefore, to see whether a 
corner-fed, reduced-size delta loop for 7 MHz could 
be made to perform as efficiently as a full-sized loop. 

14-MHz model first compared 
Instead of experimenting at 7 MHz, I chose to first 

experiment by reducing the size of a full-sized 14-MHz 
corner-fed delta loop so that a standard of comparison 
would be available. The 14-MHz loop had been in use 
for some time and had shown itself to be an effec-
tive antenna despite a base height of only 6 feet 
(1.8 meters). In comparison tests with a half-wave 
dipole at 30 feet (9.2 meters), it would generally give 
a 1 S-point improvement in Europe on long path, and 
seemed about equal to the dipole on the short path 
to Europe (from Australia). Both antennas were broad-
side to Europe on long and short paths. 

It is worth remembering that even when the delta 
loop and dipole delivered equal results, the dipole had 
the advantage of being nearly a half wavelength high 
on 14 MHz. To achieve the same effective height for 
a dipole operating on 7 MHz or 3.5 MHz would mean 
heights of over 60 feet (18 meters) and 130 feet (40 
meters), respectively! 

current distribution 
determines polarization 

In the original article on the corner-fed delta loop, 
the loop was not an equilateral triangle, but instead 
had sides in the ratio 1:1:1.4, where 1.4 represents the 
base of the apex-up triangle. This configuration means 
that the two sloping sides meet at a right angle to each 
other, and the vertical height of the triangle formed 
is not as great as it would be if the triangle were 
equilateral in shape. 

The current distribution of a delta loop fed in one 
corner is shown in f ig . 1. The phase of the currents 
in the two sloping legs is such as to make it resemble 
two vertical antennas fed in phase so that maximum 
radiation would take place in a plane broadside to the 
plane of the antennas. Although the sloping sides of 
the delta loop are at 45 degrees to the horizontal, the 

By V.C. Lear, G3TKN, 53 Chaplains Avenue, 
Cowplain, Portsmouth P08 8QH England 
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DIMENSIONS FOR FULL-SIZE CORNER-FED DELTA LOOPS 

frequency 
(Htii) 

total loop length of 
circumference bach side 

(feet) {meters) fleet) (meters) 
length of base 

(feet) (meters) 

3.600 279 ft. 2 in. 
7.075 142 It. 0 in. 

14.150 71 ft. 0 in. 

(85. OS) >2 It. 
(43.21) 42 It. 
(21.64) 21 ft. 

(24.99) 1)Sfl. 2 in 
(12.BO) — - " ' 
( 6.40) 29 ft. 0 in. ( 

135.10) 
58 It. 0 In. (17.66) 

I.B4) 

fig. 1. Current distribution for a full size 14 MHz corner-
led delta loop. The inner conductor of coax connects to 
sloping leg. 

phase of the currents in both sloping legs produces 
a predominately vertically polarized signal. 

My objective with the smaller loop was to try to 
recreate a similar current distribution to that described 
for the full-sized loop. 

A loop two-thirds the size of the normal 14 MHz loop 
was made. It had sides of 14 feet (4.27 meters), and 
a base of 20 feet (6.1 meters). However, before I made 
a serious attempt to load this loop to obtain the con-
ditions of current distribution previously mentioned, 
I decided to simply series-load the loop with a coil at 
its feedpoint and observe the effects. 

When the loop was loaded in this way, it was possi-
ble to lower its resonant frequency from 20.9 MHz to 
16.5 MHz by adding small amounts of inductance. 
However, tuning the loop lower than 16.5 MHz re-
quired increasingly larger amounts of inductance, until 
finally a coil of 17 turns ciose wound on a 2-inch (5-cm) 
diameter form was needed for resonance at 14 MHz. 
This coil had a measured inductance of 17.1 micro-
henries, indicating that the antenna was 1500 ohms 
capacitive reactive at 14 MHz. The radiation resistance 
of the loop was too low to allow a good match into 
75-ohm coax, and even with the feeder tapped into 
the coil to obtain a match, results were very poor. This 
was not really surprising, because by virtue of being 

placed at the feedpoint, the coil would have been 
carrying high current, introducing high loss into the 
system. The current distribution of the loop loaded in 
this way would not resemble the full-sized version. At 
best, then, the loop can be lowered in frequency by 
up to 20 percent of its natural resonant frequency by 
simple series loading with a coil. This is probably not 
the best way to load the antenna, but it may still give 
useful results. To bring the 20.9 MHz resonant loop 
to resonance on 14 MHz represents a 33percent lower-
ing of frequency. 

the effects of base loading 
The next experiment consisted of increasing the 

sides of the loop from 14 feet (4.27 meters) to 17 feet 
9 inches (5.41 meters), but keeping the base at 20 feet 
(6.1 meters) and to try loading the base wire. If the 
base could be loaded, maximum current would appear 
in both sloping sides, with a voltage point at the top 
of the loop. The sides of 17 feet 9 inches (5.41 meters) 
represent a quarter wave each on the loop at 14 MHz, 
since the loop circumference in feet is given by 
1005/frequency in MHz (bear in mind that there is no 
end effect on the wire of a loop). 

The objective with the loop in fig. 2 was to make 
the base look like an electrical half wavelength, with 
a voltage point in the middle of the base wire. This 
would then result in each leg carrying high currents 
in phase, and a low impedance point at each corner 
of the loop. 

The loading of the base wire was quite easily 
achieved by connecting two five-foot (1.52-meter) 
lengths of 300-ohm twin ribbon feeder, shorted at their 
far ends, 5 feet (1.52 meters) in from each corner of 
the loop, as shown in fig. 2. The ribbon feeder was 
used instead of a coil because it was felt losses would 
be lower, and ribbon feeder proved easier to trim and 
was less bulky than a coil. A 3-foot 6-inch 11.07 meter) 
piece of stiff wire was connected at the voltage point 
midway along the base and brought the loop to reso-
nance at 14.15 MHz. 

The loop matched well to 75-ohm coax, with an 
SWR of less than 1.5:1 across the band. The per-
formance of the loop compared well to the full-size 
version. However, the two hanging stubs would 
obviously present a problem when scaled up, so I 
decided to hang two wires from the middle of the 
base, and pull them back on themselves, aS shown 
in fig. 3. This idea worked extremely well, and with 
each wire 9 feet 3 inches (2.82 meters) long, the loop 
was again brought to resonance at 14 MHz, but 
without the inconvenience of hanging stubs. 

This method of loading has the advantagfes of low 
loss and ease of trimming. Performance was again 
similar to the full-sized loop. 
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reducing leg length 
Now that the base had been successfully loaded so 

that it looked like an electrical half wavelength, an 
attempt was made to reduce the two sloping legs back 
to 14 feet (4.27 meters) by taking up the extra wire 
in the form of a closed stub at the top of the antenna. 
Various closed stubs using open wire line and 300-ohni 
ribbon feeder were tried, and although the antenna 
could be resonated each time, the radiation resistance 
at the feedpoint was too low to match into 75- or 
50-ohm coax. 

The stubs were dispensed with, and a single wire 
7 feet (2.13 meters) in length connected to the apex 
of the loop, and hanging vertically brought the antenna 
to resonance. Although this proved to be a much 
simpler way of resonating the loop, the radiation 
resistance at the feedpoint was still too low. 

A 4:1 matching transformer at the feedpoint con-
nected in such a way so as to step up the impedance 
of the loop did provide a match, but the bandwidth 
of the loop was too narrow. It was felt that the intro-
duction of a matching transformer would start to make 
the whole exercise rather cumbersome and introduce 
extra losses apart from the unacceptable bandwidth. 

After some experimentation, the sides were in-
creased to 16 feet (4.88 meters), with a 3-foot 6-inch 
(1.07-meter) wire hanging from the apex. This pro-
duced an SWR of less than 1.5 to 1 across the whole 
band even when the base of the loop was only 4 feet 
(1.2 meters) high. 

Results with this loop were still comparable to the 
full-sized loop, and represented a reduction of the full-
sized loop of 27 percent in terms of circumference, 
with a corresponding reduction in the perpendicular 
height of the triangle by 18 percent. 

40-meter model 
The final experiment was to double the dimensions 

for 7 MHz operation. This meant that the sides were 
each 32 feet (9.75 meters), base 40 feet (12.19 meters), 
apex vertical loading wire 7 feet (2.13 meters), and 
base loading wires each 18 feet 4 inches (5.59 meters). 
These dimensions resulted in resonance at around mid-
band on 7 MHz with an SWR of no greater than 1.5 
to 1 across the band. 

A thin, light nylon cord was attached between the 
bottom of the apex loading wire and the midpoint on 
the base. This was necessary to keep the apex loading 
wire from blowing around and also to help prevent sag 
in the base wire, the latter which was also supporting 
the bottom loading wires. The loop was pulled slight-
ly away from the mast so as to keep any interaction 
between the partially metal mast and itself to a 
minimum. 

The results with the 7 MHz loop were good. I 

fig. 3. Improved method of loading using wires con-
nected to center of base and pulled out as shown. Light 
nylon cord is used to secure their ends. 

worked many continents—including America and 
Europe — with good reports. 

It should be remembered, however, when assessing 
the performance of any antenna, there is no one 
antenna that will give excellent results on all paths, 
during all types of propagation, and over all distances. 
The corner-fed delta loop is a predominately low-angle 
radiator and as such should generally be at its best over 
longer distances. If one is only interested in working, 
for example, up to 1000 miles, a dipole with its higher 
angle of radiation could be expected to give better 
results. If a corner-fed delta loop is erected, this point 
should be remembered in any comparison checks. 
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how about 80 meters? 
There is no reason those with sufficient space and 

mast height could not assemble a 3.5 MHz version of 
this antenna by simply doubling the dimensions given. 
A 3.5 MHz version would require a mast height of 56 
feet (17 meters), which would allow the base of the 
loop to be 6 feet (1.8 meters) above ground. The 
horizontal distance taken up would be 80 feet 
(24.4 meters). These dimensions represent a con-
siderable saving on the full-sized loop and are feasi-
ble for many Amateurs. 

Final trimming of the loop should be done by ad-
justing the lengths of the bottom loading wires 
simultaneously so that their respective lengths are 
always equal. The top vertical loading wire should not 
be trimmed. Any trimming should be carried out with 
the antenna at its normal height, because bringing the 
base wire closer to ground tends to reduce the re-
sonant frequency of the antenna. The base wire 
should preferably be a minimum of 6 feet (1.8 meters} 
above ground. While good results have been achieved 
with lower positioning than this, it is not recom-
mended; in the original article1 on the corner-fed delta 
loop, the base was 10 feet (3 meters) high and this, 
of course, would be a better height to aim for. 

The radiation resistance of a loop antenna drops as 
it is reduced in size and also as its height above 
ground decreases. Consequently, 50-ohm coax is 
recommended for the feeder, although this is not 
critical. Good results have been obtained with 75-ohm 
cable. 
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FULL BREAK-IN 

further experimentation 
I hope that by describing some of the experiments 

carried out, and results obtained, others might be en-
couraged to experiment further. There is no reason, 
for example, why those with a little extra space might 
not erect another similar loop 0.12 to 0.2 of a 
wavelength behind the driven loop, with this additional 
loop tuned to act as a reflector. To obtain reflector 
operation of this second loop, the bottom loading 
wires would have to be increased slightly to bring the 
loop to resonance some 5 percent lower in frequency 
from the driven loop. 

It should be noted that any attempt to reduce the 
size of an antenna will be accompanied by a cor-
responding reduction in radiation resistance, band-
width, and overall system efficiency. The corner-fed 
delta loop loaded in this way represents what I believe 
to be a reasonable compromise between these para-
meters and acceptable size. 

references 
1. L.V. Mayhead, G3AQC. "Loop Aerials Close 10 Ground," Radio Com 
mumcation, May. 1974. page 298. 
2. J. Devoldero, 0N4UN, 80-meter Dximj, Communications Tschnologv, 
Inc., Greenville, New Hampshire. 1978, 
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fig. 1. Quarter-wave ground plane, radials collapsed and mounted on its side, transforms 
itself into a ha l f -wave ho r i zonta l d ipole. 

fig. 2. The "S/8-wave" vertical consists of an electrical 3/4-wavelength element and 
four 1 /4-wavelength radials. With radials collapsed and mounted on its side it transforms 
itself into an asymmetrical antenna. 

the 5/8-wave 
VHF antenna revisited 
In April, 1935, Gihring and Brown 
published their classic study on the 
field strength pattern along the ground 
for vertical antennas of different 
heights.1 Their work was part of an 
ongoing effort to develop a good anti-
fade antenna for the broadcast band. 
One result of their experiments was the 
popularization of the 5/8-wave vertical 
antenna; its design combined high 
radiation efficiency with a power gain 
of nearly 3 dB over a 1 /4-wave com-
parison vertical antenna. 

Since these classic experiments, the 
5/8-wave antenna, in combination 
with an extensive ground radial 
system, has become a broadcast in-
dustry standard antenna. 

Amateurs, however, have used this 
interesting antenna on the HF and 
VHF bands with mixed results. When 
an elaborate ground system is used, 
the antenna performs as might be ex-
pected. But when used with a radial 
system (as is often the case on the 
VHF bands), the antenna often proves 
to be a disappointment. 

I found this out last summer when, 
in an attempt to get into a distant 
2-meter repeater, I switched from a 
1/4-wave ground plane antenna to 
a 5/8-wave antenna. Any improve-
ment in signal strength at the far-
distant repeater was a product of the 
imagination. 

Why didn't it work? What happened 

to the 3 dB signal increase I was 
supposed to get from the bigger an-
tenna? Good question. 

the W 8 H X C tests 
In my November column I reported 

on the tests that W8HXC (Ralph) and 
AF8B (Don) had run on various 2-
meter vertical antennas. They found 
that under many circumstances the 
feedline became part of the antenna, 
despite attempts to make the radials 
isolate the antenna from the feedline, 
as they are supposed to do. 

The simple 1/4-wave ground plane 
would provide good isolation between 

antenna and coax line if the line were 
wrapped into a two-turn RF choke coil 
about 1 1/2 inches (3.8 cm) in diam-
eter. The coil was placed directly 
below the antenna. Examining the 
coaxial line with an "RF sniffer" re-
vealed the line was "cold," provided 
it dropped directly down beneath the 
antenna. 

The 5/8-wave antenna exhibited 
current maxima along the outside of 
the coaxial line until (by cut-and-try) 
the quarter-wave radials were posi-
tioned about 3/8-wavelength below 
the base of the antenna. 

The final conclusion of these tests 
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was that radials could be placed any 
distance below the antenna as long 
as the sum of radial length and dis-
tance from the antenna base totalled 
5/8-wavelength. 

the W6SAI tests 
This information sounded good to 

me, so I repeated the tests that Ralph 
and Don reported. What they said was 
borne out in fact, but the 5/8-wave 
vertical antenna still didn't show any 
appreciable gain over a simple 1/4-
wave ground plane antenna. 

While I was debating whether I 
should relegate the antenna to the junk 
yard, I remembered something I'd read 
in an old edition of the ARRL Antenna 
Book.2 The example cited was a 
horizontal antenna, but the point was 
made that feeding an antenna in an 
asymmetrical manner tilted the pattern 
away from the feedpoint. This could 
be the clue I was looking for! 

If the 1/4-wave ground plane is 
drawn with the radials in-line with the 
radiator, it transforms itself into a di-
pole, as shown in fig. 1. If the 
5/8-wave vertical is drawn with the 
usual 1/4-wave radials in-line, it re-
sembles fig. 2. The radiator portion of 
the antenna is really a 3/4-wave re-
sonant section, with 1 /8-wavelength 
wound into a coil so that the ad-
vantageous characteristics of the 
5/8-wave radiator are retained. The 
feedpoint (F-F) feeds a lopsided anten-
na configuration! 

Many years ago I had a horizontal 
"Zepp" antenna that consisted of ex-
actly this configuration (fig. 3). I 
remember that it was impossible to 
balance the antenna currents and RF 
in the halves of the antenna. I solved 
the problem by making the short sec-
tion the same length as the long one. 
All my loading problems went away. 

Enough circumstantial evidence ex-
isted at this point for me to substitute 
3/4-wavelength radials for the 1/4-
wavelength radials on my 2-meter ver-
tical antenna. This is quickly and easily 
done, as shown in fig. 4. This antenna 
provided improved performance over 
the 1 /4-wavelength ground plane and 
also over the 5/8-wavelength extended 
antenna with 1/4-wavelength radials. 

r/ik — 
-

— "ZEPP"FEEDERS 

TUNEft 

fig. 3. This old "Zepp" antenna at W6SAI 
looked good on papar but never tuned 
up properly. 

adjusting the 
5/8-wavelength vertical 

The new antenna was quite easy to 
adjust. The four radials were precut to 
57 inches 1145 cm) and the whip was 
cut two inches longer than estimated 
length to allow for some pruning. The 
feedpoint was arbitrarily tapped on the 
base coil and the antenna was tem-
porarily erected in the air, free and 
clear of nearby objects. 

An SWR check made across the 
band revealed that the SWR curve 
canted toward the low frequency end 
of the band and was quite constant 
between 1.9-to-1 and 1.7-to-1. The 
vertical whip was trimmed 1/4-inch 
(0.6 cm) at a time and the SWR curve 
checked after each "snip." The SWR 
seemed to bottom out at about 1.5-
to-1, with a very broad response, indi-
cating good bandwidth performance. 

Squeezing and expanding the bot-
tom base coil helped a bit and the 
point of lowest SWR was zeroed in at 
146.0 MHz. Unfortunately, the SWR 
was still too high for us (W6SAI, 
W6EMD, K6KCM). 

The final step was to adjust the 
feedpoint tap, a quarter-turn along the 
coil at a time. Now, we were really get-
ting somewhere! After two or three 
trials, a tap point was found where 
the SWR on the transmission line was 
1.1 -to-1, or better, at 146 MHz, rising 
to about 1,6-to-1 at the band edges. 

We observed that the coil tap, num-
ber of turns, and vertical antenna 
length were interrelated. If the antenna 
was too short, increasing coil induc-

4 REQ'O. 

fig. 4. The W6SAI 5 /8 -wave expanded 
ground plane for 144 M H z . * 

'Note: Elements are built from lengths of 5/16 
inch (7.9 mm) diameter aluminum tubing. The ver-
tical whip section is51*1/4 inches (130.2 cm) long, 
with 50-1/2 inches exposed above the coil mount. 
Each radial is 59 inches (150 cml long, with 58-1/4 
inches (148.0 cml protruding from the aluminum 
slug. The coil form and support are cut on a lathe 
from a single block of LEXAN,' a polycarbonate 
material having good resistance to ultra-violet 
light (sunlight). It is drilled at the top to accept 
the whip and at the bottom (4 places) to fit the 
aluminum mounting slug. The base coil is wound 
on the top portion of the form. The coil consists 
of 6-1/2 turns. No. 14 bare copper wire, spaced 
to 1-1/8 inch (2.86 cm) length. Bottom of the coil 
is grounded to the aluminum mount. Top end of 
the coil is attached to the vertical whip by a short 
strap which encircles the base of the whip and 
is held in place with 4-40 hardware. Feedline is 
tapped on the coil 2-1/3 turns from the grounded 
end. A coaxial receptecle is mounted on the bot-
tom of the mounting slug and the whole antenna 
is mast-mounted by means of an L-shaped 
bracket. 
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physical 
antenna length 2:1 SWR ARRL Amateur band 

electrical of radiating resonant antenna design frequency 
band length element frequency bandwidth frequency allocation 
(MHz) (half wave) (feet) (MHz) (MHz) (MHz) (MHz) 

30 5 241 10.105 9.953 to 10.256 10.12 10.100 to 10.15 
20 7 241 14.188 13.975 to 14.400 14.17 14.000 to 14.350 
16 9 241 18.270 17.995 to 18.544 18.11 18.068 to 18.168 
15 11 254 21.210 20.892 to 21.528 21.22 21.000 to 21.450 
12 13 254 25.080 24.707 to 25.460 24.94 24.890 fo 24.990 
10 15 254 28.950 28.523 to 29.305 28.80 

29.20 
28.000 to 29.700 

fig. 5A. Dimensions and specifications of K4EF six-band long-wire array. 

tance brought it back into resonance. 
The whole thing was very forgiving 
and, when an extra-eager "snip" cut 
the antenna too short, a slight com-
pression of the base coil brought the 
SWR back to where it had been 
before. 

No antenna gain measurements 
were made as no antenna range was 
available at the time. On-the-air tests 
indicate that the antenna is doing the 
job it was intended to do: provide a 
good signal at distant repeaters that 
could not be triggered with a conven-
tional ground plane antenna. 

who was first? 
Amateur Radio historians often 

come up with unusual and interesting 
items. The 5/8-wave vertical antenna 
popularized by Gehring and Brown in 
1935, was patented in the United 
States by Andrew Alford on April 2, 
1940. However, the same antenna con-
cept had been patented in Germany on 
October 24, 1932, and even this was 
an extension of a previous patent on 
the same antenna design issued earlier 
in Russia. 

To top it off, the popu/ar coaxial 
balun (so-called "Collins Balun") was 
patented by W.B. Bruene with U.S. 
patent 2,777,996 in 1954. An identical 
balun was patented in Germany by 
Telefunken in August, 1942. 

It looks as if a great deal of effort has 
been expended in re-inventing the 
wheel! 

My thanks to Dipl. Eng. A. Krischke, 
DJGTR, OE8AK, for these details. This 
well-known historian has a private col-
lection of over 1000 radio patents 

117' J ISO' 

(36.7M) tS9.6MI 
F 

124' 
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fig. SB. Top view of K4EF antenna array. 

dating back to the early antenna 
patents of Marconi (1896), Lodge 
(1898), and Braun (1898). 

the K4EF antenna 
for 10-30 MHz 

This simple antenna has consistently 
outperformed a straight long-wire an-
tenna on long distance DX contacts. 
It was developed by Ev (K4EF) to cover 
the new ham bands at 18 and 24 MHz, 
as well as the regular 30, 20, 15, and 
10 meter bands. The feedpoint im-
pedance is close to 200 ohms on all 
bands, so a good quality 4-to-1 balun 
provides a convenient match to a 
50-ohm transmission line. No antenna 
tuner is necessary, except on the low 
(CW) end of the 10-meter band. 

Antenna dimensions are given in 
fig. 5A. A view of the array is shown 
in fig. 5B. Wire length is critical and 
should be duplicated to within 2 inches 
(5 cm). Copper-clad steel wire is rec-
ommended, as pure copper wire will 
stretch over such a span. If kept 
reasonably in the clear, away from 
large metal objects, and thirty feet 

(9 meters) or higher above ground, the 
electrical characteristics will closely 
match those listed in the illustration. 
The antenna may be mounted on a 
mast or tower at the feedpoint and the 
three legs suspended in a flat-top or 
inverted-V configuration. The apex 
angles of the wire legs are not critical 
and the sum of the angles may be 
varied from 180 degrees to 120 de-
grees, or less. 

lightning protection 
Lightning is a problem in many areas 

of the country where frequent elec-
trical storms occur. This antenna is no 
more vulnerable than other antennas 
of its size and it has the advantage 
of being easily protected. The balun 
(which can be destroyed by a nearby 
lightning strike) and coax are moved 
to the base of the tower and the an-
tenna is fed with a 200 ohm open-wire 
line which can be switched to ground 
at the tower base when the antenna 
is not in use (fig. 6.) 

The line is made up of parallel-
connected lines. K4EF's line used two 
insulators: one at the top and the other 
at the bottom. Thirty-pound weights 
were attached to the bottoms of each 
wire to keep the whole line under 
tension. This eliminated intermediate 
insulators. Surplus, heavy-duty 208 
ohm "ribbon" line can also be used for 
the transmission line. 

receiver overload 
The large capture area of the anten-

na results in large signal voltages 
(sometimes from unwanted stations) 
which may overload the front end of 
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the receiver. A simple RF attenuator 
will help, if your receiver does not have 
some sort of input protection. The cir-
cuit of fig. 7 is suggested. 

protecting wooden masts 
at or below ground level 

Fourteen years ago my friend Stu, 
W2LX, erected a wooden mast on a 
ground post sunk into moist soil. The 
post was a 4 x 4, about five feet long, 
with over 3 feet sunk into the ground. 
The problem was how to protect the 
portion of the post buried in the 
ground. 

A previous mast had been treated 
heavily with wood preservative, but it 
has rotted out after a few years in the 
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ground. This time, Stu had a better 
idea. 

An untreated mast post was wrapped 
with three layers of aluminum foil — 
the heavy-duty type used in the kitch-
en. The layers of foil were arranged so 
that the seams did not overlap, and the 
foil was carefully folded around the 
base of the ground post. The foil was 
wrapped with vinyl tape at several 
points. The mast was then placed in 
the ground hole and the hole filled with 
dirt and tamped down. 

The metal foil protruded a few inches 
above ground to protect the post from 
surface water. 

This fall — fourteen years later — 
W2LX moved to a new location. 
Because the new owner of his home 
would have no use for the mast, it was 
taken down. When the ground post 
uprooted, Stu found the unusual pro-
tective technique had been an un-
qualified success! Once the soil had 
been washed from the post, the foil 
looked practically new. Carefully 
removing the tape and unwrapping the 
foil, he found that the wood also 
looked almost new. There was no sign 
of water damage, termites, or rot. 

W2LX plans to use this technique 
when he erects his wooden mast at his 
new QTH and passes the idea along to 
other Amateurs who may be interested 
in erecting a wooden mast. 

references 
1. H. Gihring and G. Brown, "General Considerations 
of Tower Antennas," Proceedings of the IRE, April, 
1935. 
2. The ARRL Antenna Book, 12th Edition, 1970. 
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high power RF switching 
with pin diodes 

Recent developments in 
PIN diode technology 

allow fast, silent switching 
at 1500 watts + 

The PIN diode is a semiconductor device that 
operates in a manner similar to that of a variable 
resistor at RF frequencies. The amount of forward DC 
bias applied to the PIN diode determines its resistance 
(impedance) to the passage of RF signals. 

PIN diodes are attractive for RF switching because 
they have no moving parts; can "hot switch" large 
RF currents; can control large amounts of RF current 
with a relatively small DC bias control current; and 
don't introduce any significant RF waveform 
distortion. 

PIN diodes are formed from three distinct types of 
silicon wafers: an /ntrinsic layer (pure, non-doped); a 
Pdoped layer, and an N doped layer. Figure 1 shows 
a typical PIN diode with its layers identified. A prac-
tical package for a PIN diode has the leads attached 
to the P and N layers and the whole unit encapsulated 
in either epoxy or glass. It is the thickness of the in-
trinsic layer which determines the "geometry" of the 
PIN diode and gives the diode manufacturer the abili-
ty to create PIN diodes with different characteristics 
for special applications. 

The external physical appearance of PIN diodes is 
determined by their intended applications. Figure 2 
shows two Unitrode PIN diodes: a 7300 series and a 
4000D series. The 7300 series, about the same size as 
a 1N4148, is used for microwave attenuators because 
of its low internal capacitance (0.7 pF). The larger one, 
series 4000D, is an insulated stud mounted unit with 
ribbon leads. This unit is used for high power RF 
switching and certain applications at a 500 Kilowatts 
pulsed power level (1 ̂ s pulse). Tests have shown that 
with proper heatsinking and DC biasing, the Unitrode 
4000D series PIN diode can handle in excess of 3000 
watts. * 

PIN diode parameters and specifications 
All PIN diodes, regardless of their application, share 

certain common characteristics. One is a forward re-
sistance, Rs, that varies inversely with DC forward 
bias. This is usually shown in graphical form. (See fig. 
3, a g raph for a typical Unitrode UM4000 series PIN 
diode.) Note that at 1000 mA (1 amp) forward bias, 
the UM4000 Rs is approximately 0.1 ohm. At 1 mA 
the Rs rises to 20 ohms and at 1 / jA forward bias, the 
Rs is in excess of 10 kilohms. The standard for rating 
most PIN diodes is to provide 100 mA forward bias 
current at 100 MHz. 

Figure 4 shows a set of equivalent circuits for PIN 
diodes in both a forward and reverse bias state. The 
forward-biased PIN diode can be considered as 
equivalent to a series resistor (Rs) and inductor (lead 
inductance). The reverse-biased PIN diode is equiva-
lent to a resistor (Rp-parallel resistance) in parallel with 
a capacitor (the Cj . . . total package capacitance) 
with both of these in series with an inductor (the 

By J.R. Sheller, KN8Z, Design Electronics Ohio, 
4925 S. Hamilton Road, Groveport, Ohio 43125 
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fig. 1. PIN diodes consist of three distinct layers: Ptype. 
N typo, and a pure non-doped l/ntrinsic) layer. 

leads). When PIN diodes are reverse biased, they ex-
hibit a blocking effect to RF as shown in the equivalent 
circuit of fig. 4. As the reverse DC bias is increased, 
Rp increases and C-j- decreases. The limit of the 
reverse DC bias is determined by the value of Vr 

(reverse breakdown voltage) of the particular diode. 
Figure 5 shows a typical curve of reverse bias voltage 
(Vr) versus parallel resistance (Rp) for a Unitrode 7300 
series PIN diode. Figure 6 shows a typical curve of 
reverse bias voltage (Vr) versus total capacitance (C7) 
for a Unitrode 4300 series PIN diode. 

power handling capability 
The maximum power rating of a PIN diode is a func-

tion of the forward resistance, Rs, and the amount of 
RF current flowing through the diode. A PIN diode 
rated to dissipate 12 watts at 25 degrees C can safely 
switch 1500 watts of RF. A typical calculation shows 
why this is so. Assume: 

The power dissipation of a PIN diode is therefore a 
function of the load impedance, the forward resistance 
and the RF current flowing. Consequently, a PIN diode 
rated to dissipate only 12 watts can, with proper heat 
sinking, easily handle RF in excess of 1500 watts. 

PIN diodes versus vacuum relays 
The use of vacuum relays for "high speed" RF 

' resls purlormnd M Ocssign l;loctroiw;s Ohio. Grovitport, Ohio 

fig. 2. One of the PIN diodes is used in microwave attenuators 
while the larger unit can actually handle 500 kW of pulsed 
power. 

tooo-

ll -

I 

I < 

•S. 
s, s-' o -

{)'.-

n . ,T 
II! HI 

>i t oiuv/.nn m.'.s C M M I H M M..-. 

fig. 3. Rs versus current for UM4000 PIN diode. 

switching has been well covered in the literature over 
the past 20 years (see bibliography). Several com-
mercial amplifiers use vacuum relays for RF switching 
in order to obtain full break-in "QSK" operation. Bui 
using vacuum relays to obtain the high-speed switch-
ing times required for full QSK has several dis-
advantages. These include high cost; the inability to 
"hot switch"; the necessity for complex switching and 
protective circuitry; mechanical sound and vibration 
as the relay opens and closes on each character of CW 

RF load = 50 ohms 

Rs = 0.2 ohm 
RF power level = 1500 watts 

I = \TpTR = J ™ = 5.48 amperes 

The power dissipated by the diode is equal to forward 
resistance times current squared or: 

0.2-(5.48)2 = 6 well is 
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O 
A 

O 
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fig. 4. PIN diode equivalent circuits. (A) forward bias, 
and (B) reverse bias. 

or AMTOR; and maximum switching time of approx-
imately 1-2 milliseconds. Amateur use of PIN diodes 
for RF switching is a relatively recent occurrence. 
However, nearly all currently available transceivers that 
offer full QSK use PIN diodes for their T/R function. 
Several articles have appeared in the literature over 
the past 10 years concerning the use of PIN diodes 
in "low power" T/R switching. Using PIN diodes to 
perform RF switching functions offers several advan-
tages, including relatively low cost; the ability to be 
"hot switched"; silent operation; rugged construction; 
and no complex protective or peripheral circuitry are 
required. In addition, switching times less than 1 /is 
are possible. 

making PIIM diodes work at HF 
PIN diodes were designed for and operate best in 

the VHF and UHF regions. Their use below 30 MHz 
was delayed because of the need for high inductance 
and high current RF chokes. The need for capacitors 
capable of handling 5-10 amps of RF current, with 
values up to 100,000 pF was also a barrier. PIN diodes 
can be used at HF, however, and a detailed descrip-
tion of a commercial application that successfully 
utilizes PIN diodes for RF switching follows. 

the QSK 1500 
The QSK 1500 switch was developed to allow 

owners of QSK transceivers to operate full break-in 
CW or AMTOR at the legal power limit (1500 watts). 
It uses pin diodes to provide ALL the T/R switching 
functions associated with the relays in the existing 

UM7300 

1 2 5 10 20 50 100 200 1000 

H) - REVERSE VOLTAGE (V) 

fig. 5. Parallel resistance of a Unitrode UM7300 PIN diode 
versus reverse voltage over the 100 MHz to 3 GHz fre-
quency range. 

6.0 

4.0 

UM4300 

1 2 b 10 20 50 100 200 500 1000 

V „ R E V E R S E BIAS VOLTAGE (V) 

fig. 6. Unitrode 4300 series PIN diode capacitance ver-
sus reverse voltage response. 

amplifier, with no modifications to either the QSK 
transceiver or the RF amplifier needed. However, this 
unit is not intended to make a non-QSK transceiver 
operate in the QSK mode, nor will it work with a 
separate transmitter/receiver combination. 

A block diagram of the QSK 1500 is shown in 
f ig. 7 and the schematic of the RF switching section 
in f ig. 8. 

receive signal path 
The receive signal from the antenna travels through 

t h e OUTPUT RECEIVE LINE BLOCKER, t h e RECEIVE LINE PRO-
TECTOR, and the INPUT RECEIVE LINE BLOCKERS, then into 
the front end of the QSK TRANSCEIVER. With the QSK 
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1500, the "receive signal" never passes through the 
RF amplifier, but is instead always bypassed around 
it by the PIN diodes in the QSK 1500. The receive 
signal f rom the antenna, is prevented from seeing the 
tank circuit of the RF amplifier by PIN diode CR2, 
which is reverse biased. This diode prevents "suck 
ou t " or attenuation of the receive signal. PIN diodes 
CR3, CR4, and CR5 are forward biased and offer a very 
low impedance path for the receive signal to reach the 
QSK transceiver. Capacitors C1 and C4 are selected 

• TRANSMIT PATH 
> RECEIVE PATH 

fig. 7. Block diagram of QSK 1500. 

so that receive signal attenuation is typically less than 
0.5 dB. 

transmit signal path 
The sequence of events is more complicated in the 

transmit mode. Let's fol low the progress of two 
transmitted "dots" of CW. (The same pattern also oc-
curs for AMTOR.) 

The initial key closure causes the following to 
happen: 

• The t iming circuit is triggered on the control board. 
(This timer is a retriggerable one-shot with a time out 
of 1.32 seconds.) 
• The AMP RELAY OUT line closes and the relays in the 
RF amplifier are activated. 
• T h e INPUT AND OUTPUT RECEIVE LINE BLOCKERS ( P I N 

diodes CR3, CR4, CR5) are reverse biased with 525 
volts DC. 
• The input and output PIN diodes switch (CR1 and 
CR2) are forward biased. CR1 (the input PIN diode) 
is forward biased with 125 mA DC current, while CR2 
(the output PIN diode) is forward biased wi th 950 mA 
DC current. 
• The KEY OUT LINE from the QSK 1500 triggers the 
CW KEY JACK o n t h e Q S K t r a n s c e i v e r a n d a " d o t " o f 

CW is generated. 

• The RF from the QSK transceiver flows through CI, 

CI CRS 
FROM 

TRANSCEIVER -*4 

FUSE LAMP 

f 
I 

JL CR4 CR3 

44 -

I 

TO AMPLIFIER IN 

CRl C2 

1500 WArT 
^AMPL if'll'.R , FROM AMPLIFIER OUT 

C3 CR2 

-O TO OS COLLECTOR (SEE NOTE I) 

TO ANTENNA 

NOTE I GROUND ON RECEIVE, HIGH ON TRANSMIT 

NOTE 2: GROUND ON TRANSMIT, HIGH ON RECEIVE 

RFC5 < RFC4 

n 
6 o 

TO TO 
H.3 VDC COLLECTOR 

01 
(NOTE 2) 

COLLECTOR 
02 

I NOTE 2) 

fig. 8. Schematic of RF switching section of QSK 1500. 
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fig. 9. CW waveform inside 500V blocking voltage. (See Note 
below.) 

CR1, and CR2 into the RF amplifier, where it is ampli-
fied and then passed through C3, CR2, and C4 into 
the antenna. 
• The 525 volt DC reverse bias applied to PIN diodes 
CR3, CR4, and CR5 prevents any transmitted RF signal 
from passing through the RECEIVE LINE. 

As soon as the "key" opens the following occurs: 
• PIN diodes CR1 and CR2 switch state and go from 
a forward bias condition to a reverse bias condition. 
• PIN diodes CR3, CR4, and CR5 also switch state 
and go from a reverse bias state to a forward state. 
• With the reversal of the bias states of all five PIN 
diodes, we have now returned to the receive condition. 

Figure 9, an oscilloscope photo of a CW waveform 
(58 WPM dots) inside the 500 volt blocking voltage, 
shows the " turn o n " / " t u m o f f " of the PIN diodes in 
relation to the blocking voltage. 

With every key opening and closure a change of 
state of the PIN diodes occurs. The relays in the RF 
amplifier remain closed until no key closure has 
occurred for 1.32 seconds. This assures that no RF 
is being switched by the RF amplifier's internal relays, 
and that all switching between transmit and receive 
is accomplished by the PIN diodes in the QSK 1500. 

The RECEIVE LINE P R O T E C T O R ensures that no RF can 
reach the transceiver or the RF amplifier input in the 
unlikely event of an output blocker PIN diode (CR3 
or CR4) failure. 
Note: Photo shows transmission o l a string of tints at S8 WPM, At this rati) 
the receive time between pulses is 8 ms. The built in delay unit; between 
turn on of the 500V blocking voltage arui the beginning ol the CW envelnire 
is 7 ms. The CW pulse (Hot) is 21 nis in duration: the built-in delay between 
rlie end ol the u w pulse and turn o i l o l Hie 500V mocking voltage is 7.S 
ms. The CW waveform shows no trace ol distortion. Power level. 1380 walls; 
transmitter. TS930S: ampMior, Drake L7: QSK unit.OSK 1500; scope. TEK 
556 dual-trace, wal imeier , Bird 13 wi th scope coupler.' load, Bird Termaline'" 
2 kW: keyei. Acci i keyer II Vertical scale 200V,i , n i l • 10 piobe wi th 20V 
scale); horizontal scale 10 i ns / cm 

conclusion 
The appearance of high power PIN diodes 

represents the dawn of a new era in RF switching. The 
vacuum relay — the former "king of RF switching" 
— will slowly but surely give way to the solid state 
PIN diode. PIN diodes now make possible relatively 
low-cost, ultra high-speed RF switches, which if 
properly designed and constructed can operate at 
power levels exceeding 1500 watts. A totally silent 
switch in a small package, the PIN diode is here to 
stay. 

acknowledgement 
Thanks are due to the technical and engineering 

staff at Unitrode for assistance with technical data and 
help with solving various problems that arose. 

bibliography 
Boomer, James K,. W9KHC. "PIN Diode transmit Receive Swi tch , " hum 
radio. May. 1976. page 10 

Shelter, Dr J R., Operating Manwit for OSK 15CX). Design Electronics Ohio, 
Groveporl, Ohio. March, 1984 

PtN Diode Designers' Handbook. Unitrode Corp.. 5 ! :orbes Road. Lexington. 
Massachusetts 02173, 1982, 

The Radio Amateurs Handbook. American Radio Relay League. Newington, 
Connecticut, 1984, pages <1 14, 4 15/11 13 through 11-18. 

ham radio 

r . I D PACKET RADIO 
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DX 
FORECASTER 

Garth Stonehocker, KORYW 

ionosphere matching 
Over the years a few hams have 

tried to vary the height of horizontal 
antennas above ground in order to vary 
the take-off-angle (TOA). By varying 
the angle at which the signal reflects 
from the ionosphere, you can control 
the length of the hops (and conse-
quently, distance) and by orienting the 
antenna (rotating the beam), the direc-

tion the signal takes. This is known as 
"matching to the ionosphere." 

If you can't vary your antenna's 
height above ground, then fix it per-
manently at a height that emphasizes 
your area of interest. (Antenna hand-
books include graphs that relate take-
off angle, ionospheric layer height, 
MUF and path length.)* Table 1 
shows a short BASIC program for cal-

culating the take-off angle of a hori-
zontal antenna given the height above 
ground. 

last-minute forecast 
The high probability of increased 

solar flux in the middle of January 
makes the second and third weeks of 
the month favorable for DX openings 
on the 10 through 30-meter bands. 
The openings may be transequatorial 
in nature, particularly if minor geomag-
netic field disturbances occur at the 
same time as this greater solar activ-
ity. The lower frequency bands should 
be good during the first and last weeks 
of the month. Low noise and signal ab-
sorption during low solar flux periods 
account for good daytime openings on 
40 and 80 meters this year. Geomag-
netic field disturbances that produce 
ionospheric high latitude trough con-
ditions (see December, 1984, DX Fore-
caster) should not be too significant 
this year except for periods around 
January 2, 11, 21 and 29. 

Lunar perigee occurs on the 15th, 
with a full moon on the 7th this month. 
An intense but short-duration meteor 
shower, the Quadrantid, will reocccur 
between January 2nd and 4th and last 
a few hours. 

band-by-band summary 
Ten and fifteen meters will be open 
worldwide from sunrise until after sun-
set during the solar flux peaks this 
month. Skip distances of 2500 miles 
(4000 km) (or multiples) are possible, 
and will occur on the daylight paths. 

Twenty meters will be open to some 
area of the world for the entire 24-hour 
period many days of the month with 
the band conditions peaking in all di-
rections just after local sunrise and 
again toward the east and south dur-
ing the late evening hours. During 
hours of darkness the band will peak 
toward the west in an arc from south-
west through northwest, encompass-
ing the Pacific areas. 

Thirty meters is a daytime and night-
time band. During the day it will re-

"Next month's DX Forecaster will feature such a graph-

table 1. BASIC program for calculating take-off angle of a horizontal antenna given height 
above ground. (This program was wri t ten for the IBM 4341 in IBM's BASIC/VS. 

110 R l = * 1 8 0 / S P I 
120 REM GET INPUT DATA 
130 P R I N T -ANTENNA HE IGHT ABOVE G R 0 U N 0 , F E E T " 
1 4 0 INPUT H I 
150 P R I N T "FREQUENCY TO BE USED, MHZ" 
1 6 0 INPUT F 1 
1 7 0 REM CALCULATE A FULL WAVELENGTH, L I , AT T H I S F R E Q . 
1 8 0 L 1 - 9 8 4 / F I 
1 9 0 REM CALCULATE F I R S T LOBE ANGLE, A1 
2 0 0 A l = A S N I L l / ( 4 # H l ) ) 
2 1 0 A l = A I * R l 
2 2 0 PRINT "ANGLES OF MAXIMUM RAO IA T I O N FROM T H I S ANTENNA" 
2 3 0 P R I N T 
2 4 0 P R I N T " F I R S T LOBE ANGLE, D E G - = " , A 1 
2 5 0 P R I N T 
2 6 0 REM CALCULATE 2NO LOBE ANGLE, A2 
2 7 0 I F ( 4 * H 1 K ( 3 » L I J GO TO 5 0 0 
2 8 0 A 2 = A S N < ( 3 » L I J / ( 4 * H I ) » 
2 9 0 A 2 = A 2 « R 1 
3 0 0 P R I N T "SECOND LOBE ANGLE, D E G . = " , A 2 
3 1 0 P R I N T 
3 2 0 REM CALCULATE 3RD LOBE ANGLE, A3 
3 3 0 I F ( 4 » H L ) < ( 5 * L 1 1 GO TO 5 0 0 
3 4 0 A 3 = A S N < ( 5 » L 1 ) / ( 4 * H I I I 
3 5 0 A 3 = A 3 » R 1 
3 6 0 P R I N T " T H I R D LOSE ANGLE, 0 E G . = " , A 3 
3 7 0 P R I N T 
3 8 0 REM CALCULATE 4TH LOBE ANGLE, A4 
3 9 0 I F ( 4 * H 1 1 < ( 7 * L 1 I GO TO 5 0 0 
4 0 0 A 4 = A S N C ( 7 * L 1 ) / ( 4 * H L ) I 
4 1 0 A 4 ^ A 4 * R 1 
4 2 0 P R I N T "FOURTH LOBE ANGLE, D E G . = " , A 4 
4 3 0 P R I N T 
5 0 0 P R I N T "NO OTHER S I G N I F I C A N T LOBES" 
5 1 0 END 
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AHEAD OF THE REST 
WITH THE BEST 

FOR LESS 

GENERAL INSTRUMENTS 

_ i — v -
CHAPARRAL 

You benefit from Satellite 
Television's vast experience 
in TVRO and SMATV 
components distribution. 
We're the oldest Janeil 
master distributor in the 
U.S.A., and we're direct 
distributors for the country's 
leading antenna, receiver, 
LNA, actuator, and rotor 
manufacturers. 

Call us first, you'll get: 
FACTORY DIRECT 

LOW PRICES 

MOST ORDERS 
SHIPPED WITHIN 

24 HOURS 

FULL FACTORY 
WARRANTIES 

t NO MIN IMUM 
1 PURCHASE 

_ L 
1108 S. MaMP.O. Box B17/PocatsHo, Idlho 83204*208) 232-1928 

\ ^ 164 

DESIGN ENGINEERS 
CONSIDER OPPORTUNITIES IN THE SOUTHWEST 

A rapidly expanding general aviation elei t runks Huniut.uturer is seeking . i t t ion-
oriented, advancement-motivated engineers who are challenged by the excit ing field 
oi avionics. 

Candidates wi th a BStt and .'•") years experience are sought lor the design and 
development of aviation communicat ion and navigation products. Suuesslu l appli-
cants wi l l be provided wi th an outstanding benefit package including educational 
assistance, profit-sharing and paid relocation. 

Whether on the mountain slopes or on the courts and courses in the city. Albuquer-
queans enjoy outdoor sports and rec reation throughout the year. 

We are a dynamic, growing Corporat ion . . 
CONSIUIK THl OWORTUNmtS 

Send resume to: 
Vice President, Engineering 
Terra Corporation 
3520 Pan American Freeway N.E. 
Albuquerque, N.M. 87107 

semble 20 meters, although signal 
strengths may decrease during midday 
during days of high solar flux values. 
This band will also be useful well into 
the night and often throughout the 
night. Once again exceptions to this 
are nights that follow very high solar 
flux value days. The poor period is 
usually the hour or so before dawn 
(diurnal MUF minimum). The workable 
distance may be expected to be great-
er than that of 80-meter DX at night 
and less than that of 20 meters during 
the day. 

Forty and eighty meters will be the 
most useful nighttime DX bands. Forty 
during the daylight hours will be like 
30 meters, with lower midday signal 
levels, no predawn propagation failure, 
and shorter skip distances overall. At 
night most areas of the world will be 
workable from slightly before dusk un-
til a little after sunrise. Hops shorten 
on these bands to about 2000 miles 
(3218 km) for 40 meters and 1500 miles 
(2414 km) for 80 meters, but the num-
ber of hops can increase because sig-
nal absorption in the D-region of the 
ionosphere is low during the night. The 
path follows the direction of darkness 
across the earth, similar to the way in 
which the higher bands follow the sun. 

One-sixty meters will be similar to 80 
meters, providing, good working con-
ditions for enthusiastic DXers who like 
to operate during the night and early 
morning hours, especially at local 
dawn. 

ham radio 
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and l ; 7x12.5x16.8 . 33 
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in. 50 W out using 8122 lube in P-A. 115/230 VAC: 
7 x 1 9 x 1 4 . 5 , 50 lbs Used-not tested $195.00 
JENNINGS UCS-300-7,5 Vacuum Variable Capacitor, 
9-300 pi 7500 V max; 3 lbs sh. Unused $99.95 

Prices F.0.B, Lima. 0. • VISA. MASTERCARD Accepted. 
Allow tor Shipping • Send lor New FREE CATALOG B4 

Address Dept. HR • Phone; 419/227-6573 

FAIR RADIO SALES 
1016 E. EUREKA • Box DOS • LIMA, OHIO - 45802 

96 £23 January 1985 



VHF/UHF WORLD lb ^ 
VHF/UHF high power 
amplifiers: part 1 

Until August 28,1983, FCC Amateur 
Radio regulations limited transmitters 
to a maximum of 1000 watts DC plate 
input power on CW or 2000 watts PEP 
input on SSB. This was in contrast to 
most commercial radio regulations, 
which are specified in terms of output 
power. The regulations also specified 
that any drive power passed on to the 
amplifier output (such as in grounded 
grid or transistor amplifiers! had to be 
accounted for by lowering the DC in-
put power to the final amplifier stage 
accordingly. 

These archaic regulations particular-
ly penalized VHF/UHF experimenters 
who wanted to take advantage of the 
maximum power limit for DX and for 
specialized communication modes 
such as EME. Klystron and transistor 
UHF amplifiers frequently have only 35 
percent efficiencies; most UHF high 
power tube amplifiers have typical ef-
ficiencies of only 50 to 60 percent. 
Therefore, when the legal power limits 
were required, higher priced vacuum 
tubes were usually necessary in order 
to maximize efficiency — often at the 
expense of linearity*. 

These regulations are now history. 
On August 29, 1983 the FCC revised 
Part 97 of the Amateur Radio Rules 

and Regulations, authorizing the 
measurement of power in terms of 
maximum PEP (peak-envelope-peak) 
output, with 1500 watts the maximum 
limit (except in special subbands of the 
spectrum where other concerns may 
necessitate a lower power limit). SSB 
operation is not particularly affected 
because a 55 percent efficient VHF 
amplifier under the old regulations 
would have delivered up to 1100 watts 
of PEP output, only 1.35 dB down 
from 1500 watts. However, a 60 per-
cent efficient CW amplifier would be, 
under the old regulations, about 4 dB 
below the new 1500 watts PEP output 
(CW and PEP output are the same 
power)! 

If you want to run the new power 
limit in an Amateur VHF/UHF power 
amplifier, these regulatory changes 
have profound implications for the 
design of your next amplifier. Because 
most articles in the Amateur literature 
pertaining to VHF/UHF power ampli-
fier design were written before the reg-
ulations were changed, this month's 
— and next month's — column ad-
dress the broad subject of Amateur 
VHF/UHF high power amplifiers, with 
special emphasis on the effects of the 
new FCC regulations. (Many of the 
topics discussed will also apply to HF.) 
A list of recommended references will 
also be included so you can be sure 
your amplifier will be equal to the state-

of-the-art. I'll concentrate on vacuum 
tube amplifiers because the typical 
solid-state devices available today 
can't economically furnish the maxi-
mum legal power in the VHF/UHF 
spectrum. 

power tubes in general 
Most high-power transmitting tubes 

used by Amateurs are technically 
classified as power grid tubes. 
Although some pentodes are used on 
6 meters, most VHF/UHFers primari-
ly use triode and tetrode power grid 
tubes. Some of the most popular types 
are listed, with some of their important 
specifications, in table 1.' 

Triodes are most often used when 
a single high voltage supply is desired. 
With triodes, circuitry is usually less 
complicated than with tetrodes, espe-
cially if a cathode-driven grounded-grid 
circuit is used. Gain is low to moderate 
in this type of configuration, but the 
amplifier is usually easier to stabilize. 
Tetrodes, on the other hand, require 
a more complex high voltage supply 
with a screen grid bias voltage and 
may require neutralization. However, 
they usually have higher power gain 
than triodes, especially if grid-driven. 

Most modern power tubes come in 
either a glass envelope with an inter-
nal anode or a ceramic package with 
an external anode. (The latter are more 
prevalent on 2 meters and above.) The 
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table 1. Popular VHF/UHF power amplifier tubes and typical parameters listed in order of plate dissipation. 

triodes 

maximum 
types dissipation1 power2 PEP3 IMD' c s 'MAX C 1 hEXT other notes 

8875 300 770 590 - 3 5 500 900 cathode driven 
3CX400A7/8874 400 770 590 - 3 5 500 900 cathode driven 
3-500Z 500 1400 740 - 4 0 110 - cathode driven 
3CX800A7 800 1320 750 - 3 6 30 450 cathode driven 
3-1000Z/8164 1000 4800 1080 - 2 9 110 - cathode driven 
3CX1500A7/8877 1500 4000 2050 - 3 8 220 400 cathode driven 
8938 1500 4000 2030 - 4 4 ' 500 - cathode driven 

tetrodes 
4X150A (old) 150 375 200 - 500 - discontinued 
4X150A/7034 250 500 200 - 150 500 new style anode 
4CX250B/7203 250 500 295 - 2 5 500 -

4CX250R/7580W 250 500 295 -25 500 - "Rugged ized"4CX250B 
4CX300A/8167 300 500 350 - 2 5 500 
4CX350A/8321 350 750 300 - 3 0 30 220 poor efficiency at UHF 
8930 350 600 350 27 500 - formerly DX393 
8122 400 660 380 - 2 9 500 -

4-400A/8438 400 1400 495 - 3 5 110 -

7650/7651' 600 1500 680 - 3 1 1215 
4-1000A/8166 1000 4200 1540 110 -

4CX1000A/81688 1000 3000 1400 - 2 3 110 220 
4CX1000K 1000 3000 1400 - 2 3 110 400 Improved in/out 

isolation 
7213/7214' 1500 2500 1250 1215 -

GL6942 1500 2800 900 - cathode driven 
4CX1500B/8660 1500 2700 1160 - 4 3 110 220 

Notes: 
1. Rated plate power dissipation in watts if adequately cooled 
2. Maximum CCS DC input power. 
3. Maximum useful peak envelope output power in watts at a low frequency, typical 2-30 MHz.2 

4. Typical third-order intermodulation distortion level at rated PEP indicated, calculated in 2-30 MHz region.2 

5. Upper frequency at which the maximum ratings apply. 
6. Upper useful frequency if plate voltage and input power are reduced. 
7, The second tube listed is a pulsed rated version. It will probably perform the same as the first version. 
8. No grid current allowed. 

older glass-sealed transmitting tubes 
with external anodes (for example, the 
4X150A) were very efficient if operated 
within their ratings but were not very 
rugged. However, the newer ceramic 
insulated tubes, though perhaps some-
what less efficient, will usually take 
more severe punishment. 

Transmitting tubes are usually 
designed for a particular mode of 
operation such as Class C, linear, or 
pulse. Class C operation is preferred 
for CW operation when high efficien-
cy is required. Linear operation is re-
quired for SSB operation. Amateur 
Radio pulse, a form of Class C, is not 
permitted below 2.3 GHz. 

The tubes designed for Class C 

operation typically have high efficien-
cy in Class C but will not always be 
very linear when biased for linear 
operation, especially when operated 
near their maximum ratings. Further-
more, Class C amplifiers usually have 
lower power gain than equivalent 
linear amplifiers and often generate key 
clicks. 

A good example of a frequently 
misused VHF/UHF Class C tube is the 
popular 4CX250B tetrode. This tube 
was very popular under the old FCC 
regulations of 1000-watts input power 
because a pair could be operated effi-
ciently (at 60 to 70 percent efficiency) 
through 70 cm, a requirement for most 
EMEers. However, they are also often 

used in linear service. At the maximum 
rating of 500 watts input power per 
tube, the IMD (intermodulation distor-
tion) is typically only - 2 5 dB (see 
table 1) — not very good if you want 
to be popular with other local 
operators. 

Many high power tubes designed for 
linear service are costly or less efficient 
than the Class C-type tubes. This was 
a significant consideration, especially 
on EME, before the FCC changed the 
method of measuring power. That's all 
different now, and we're no longer 
penalized for using tubes with less ef-
ficiency. As a result, many less effi-
cient tubes, especially those used in 
commercial television transmitters, 
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may now find their way into Amateur 
amplifiers after they're removed from 
commercial service during routine 
maintenance. 

In summary, it would probably be 
best to design any new power amplifier 
with linear operation in mind. The 
small change in efficiency may easily 
be recovered by higher gain with less 
likelihood of generating key clicks. Us-
ing tubes other than those presently in 
wide use may also be advisable. Table 
1 and references 2, 3, and 4 should be 
consulted when choosing a suitable 
VHF/UHF transmitting tube. 

configuration is important 
One of the first considerations in 

designing a power amplifier is the tube 
type and quantity. Under the old FCC 
regulations, it was a common VHF/ 
UHF practice to use two tubes in either 
a parallel or push-pull configuration. 
This was often done because efficient 
external anode tubes of moderate 
power (500 watts typical) were easily 
obtained, and usually at reasonable 
prices. Furthermore, many Amateur 
designs were already available in 
various publications. However, the 
new power limits are not easily 
achieved with the tubes that used 
to be popular — especially in linear 
operation. 

If push-pull or parallel amplifiers are 
used, the tubes should be fairly well 
matched and from the same supplier. 
Extra metering and balancing circuitry 
are required to insure that both tubes 
properly share the load. If neutraliza-
tion is used, this type of circuitry is 
doubly difficult. Therefore, it's better 
to use a single large tube that will do 
the entire job rather than multiple 
tubes that will share the load. 

gain 
The average amplifier gain in the 

VHF region is between 15 to 20 dB and 
10 to 16 dB at UHF. As mentioned, 
gain is usually higher in linear operation 
than in Class C. A typical grounded-
grid amplifier has 3 to 5 dB less gain 
but is usually easier to stabilize and 
match at the input. For example, on 
2 meters a typical pair of grid-driven 

4CX250Bs operating in Class C will 
typically deliver 400 to 600 watts of 
output with 10 watts of drive power, 
but only 200 to 300 watts on 70 cm 
(432 MHz). This will increase to 600 to 
700 and 300 to 400 watts respectively 
in linear service. Hence, it should be 
obvious that an additional low-gain in-
termediate driver amplifier may be re-
quired if a typical 10-watt transverter 
is used to drive a power amplifier with 
a kilowatt or higher output capability. 

input circuits 
The input circuit for typical 

VHF/UHF amplifiers is one of two ma-
jor types: either cathode or grid-driven. 
The cathode type usually requires on-
ly some simple "L" or "T" matching 
section (fig. 1A). Grid-driven 
amplifiers usually require a step-up or 
transformer type of input circuit with 
additional tuning and matching com-
ponents (figs. 1B and 1C). 

If push-pull or parallel tube operation 
is used, circuitry should be designed 
to allow the drive to be tweaked for 
each tube (fig. 1D). If the input circuit 
doesn't have RF balancing capability, 
the input grid-biasing circuit should be 
designed to allow for independent ad-
justment of the DC bias voltage for 
each tube so that the load is shared 
equally between the tubes. The princi-
pal thing to remember when designing 
the input circuit of a power amplifier 
is that the configuration chosen pri-
marily performs an impedance match 
between the input driver (usually a 
50-ohm device) and the grid or cath-
ode of the tube being driven. If the net-
work is properly designed, the power 
amplifier driver will see a low VSWR 
(2:1 maximum). 

stabilization 
The screen grids of tetrode 

amplifiers must be properly bypassed. 
Most manufacturers and suppliers of-
fer specially designed tube sockets 
with built-in bypass capacitors. These 
are highly recommended and, 
although usually expensive, will justify 
their cost with improved amplifier 
stability and efficiency. Some of the 
more modern tube socket designs (for 

MATCHING _ 
'NETWORK 

® 

fig. 1. Typical input circuits used on high 
power VHF/UHFamplifiers. M) grounded 
grid, cathode-driven, (B) single ended, 
grid-driven, (C) single ended 1/2 wave-
length line, and ID) push-pull. C A and 
C B are balancing capacitors. 
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example, the EIMAC SK-620 and 
SK-630 types) also offer more input to 
output isolation and are highly recom-
mended for new designs. 

Neutralization may be required if the 
amplifier gain is high and/or if the 
inter-electrode capacitance between 
the grid and plate of the tube is high. 
A typical bridge neutralization network 
is shown in fig. 2A. Push-pull opera-
tion requires a slightly more elaborate 
scheme (fig. 2B). 

Many VHFers prefer to avoid 
neutralization by using grounded grid 
circuitry, which doesn't usually require 
neutralization if the inductance of the 
grid (and screen grid, if applicable) 
bypass capacitor assembly can be kept 
very low. Additional information on 
neutralization and amplifier stabiliza-
tion techniques is available.1 

output circuits 

There seem to be as many stories 
about VHF/UHF transmitter output 
circuits as there are types. The prin-
cipal types are the ir network, the reso-
nant 1 /4,1 /2, or 3/4-wavelength tank, 
push-pull, the rectangular cavity, and 
variations on the latter. 

On 6 meters the it network is still 
quite popular because it's versatile, 
matches a wide range of impedances, 
and has some inherent harmonic 
reduction capability (fig. 3A). The 
main problem in using this technique 
is that the minimum loaded Q in the 
tank circuit is determined by the out-
put capacitance of the tube in parallel 
with the it network input capacitor, 
C1. At HF this is typically 25 to 250 pF 
of capacitance, but only 8 to 15 pF at 
6 meters, the output capacitance of 
the typical tubes being used! 

If a high (> 15) loaded Q is used, the 
input tuning capacitor, CI, should be 
kept to a minimum value. This require-
ment can best be met by using a 
flapper-type capacitor. Because of 
their inherent inductance, vacuum 
variables are not recommended; stan-
dard transmitting variables usually 
have too high a minimum value of 
capacitance. Some designers have cir-
cumvented this problem by choosing 
a loaded Q based on the tube's out-

(S—3 

® 

£ 

fig. 2. Typical VHF/UHF neutralization 
techniques. W) single-ended "Bruene" 
circuit.' C1 should ideally be equal to the 
tube's input capacitance. CN balances 
out the tube's feedback capacitance. IS) 
push-pull version. 

put capacitance and tuning the induc-
tor, L1, with a shorted turn loop.56 

On 2 meters through 70 cm, most 
Amateur amplifier designs typically use 
tank circuits employing either a 1/4, 
1/2, or 3/4-wavelength coax, micro-
strip or stripline (figs. 3B through 3E). 
Sutherland points out that the 
1/4-wavelength line is preferred 
because it exhibits the greatest band-
width, and further recommends that 
the plate line impedance should be bet-
ween one and two times the capaci-
tive reactance (plus strays) of the tube 
in use.7 

If the output capacitance of the tube 
is too high at the frequency of opera-
tion, a 1 /4-wavelength line may be im-
practical because of its very short 
length. Then a 1 / 2- or 3/4-wavelength 
line would be usable. One advantage 
of the 1/2-wavelength line is that it 

need not be fed with the tube on one 
end, but may instead have the tube at 
the center, as shown in fig. 3D.8910 

In this configuration, the tube capaci-
tance is effectively divided between 
each side of the line. This also makes 
tuning and loading easier. Another ad-
vantage of the balanced 1/2-wave-
length line is that the current through 
the tube is more evenly distributed. 

Because they offer a quick way to 
obtain higher power with smaller 
tubes," 12 parallel amplifiers are also 
quite popular. However, they are often 
difficult to balance and are really no 
more efficient than a push-pull type 
amplifier with proper balance and out-
put coupling. 

Push-pull circuitry (see fig. 3F) us-
ed to be very popular, especially with 
the 500-watt ceramic tetrodes;1317 it 
is easier to balance because each tube 
is fed separately. In addition, the sym-
metrical output configuration inherent-
ly suppresses the second harmonic. 

One factor often ignored is the cur-
rent flowing through the tube itself. 
With the typical single-ended micro-
strip line approach, there is often a 
concentration of current through one 
side of the tube. This can result in 
decreased tube life. Consequently, at 
UHF and microwave frequencies, the 
recommended configuration is the rec-
tangular cavity (fig. 3G). This con-
figuration is particularly useful at 70 cm 
and above.18 Multiple tubes can be 
easily paralleled for higher output 
power.19 The layout of the rectangular 
cavity usually assures that current is 
uniformly distributed throughout the 
tube. 

Output tank circuits — of which 
there are many — are usually chosen 
according to the frequency of interest, 
the tube type used, and the number of 
tubes used. In a symmetrical output 
tank, the use of a single tube that can 
deliver the required output power is 
probably the best choice. 

output coupling 
As previously mentioned, the n net-

work, sometimes used on 6 meters, is 
very easy to couple to the load (fig. 
3A). 
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With the various types of tank cir-
cuits common in VHF/UHF amplifiers, 
output is often coupled by either an in-
ductive link or by a series capacitor. 
While the formerlfig. 4A} used to be 
popular, it has to be carefully designed 
and coupled to the tank circuit; this 
problem can be somewhat relieved by 
adding a series resonating capacitor in 
the loop (fig. 4B). If a loop Q of 2 to 
5 is chosen, the capacitor will essen-
tially operate as a loading capacitor, 
and the placement of the loop is not 
as critical. The resonant loop method 
is preferred because it reduces har-
monic output. 

Simple to design, use, and tune, the 
capacitance output coupling method 
shown in fig. 4C has become more 
popular for use in single-ended VHF/ 
UHF amplifiers. But it can lead to prob-
lems, especially if the capacitance is in-
creased beyond optimum, thereby 
causing overcoupling to the tank cir-
cuit. If this is done, harmonic output 
increases rapidly. Always use the least 

® 
© 

r 

our @ 

fig, 3. Typical output circuits. C B is either a bypass or DC blocking capacitor. (4) n 
network, (fll 1/4 wavelength. (CI 1/2 wavelength, (0! 1/2 wavelength center-loaded, 
l£) 3/4 wavelength, \F) push-pull, and (G) rectangular cavity. 

amount of coupling possible while 
maintaining acceptable output 
efficiency. 

Let us not forget the push-pull con-
figuration (fig. 3F). This is basically a 
balanced configuration, although its 
output network is frequently treated as 
unbalanced with the use of a series 
loop and capacitor, as just mentioned 
above. In fact, some users have 
claimed lower efficiency than ex-
pected. Efficiency can reportedly be in-
creased by using capacitance output 
coupling in a balanced arrangement 
through a 4:1 half-wave balun.20 

The rectangular cavity often uses a 
probe which is either a loop or a rod 
properly shunted across the cavity 
(fig. 3G). Once the proper location is 
found, tuning and loading can be ac-
complished by varying the spacing be-
tween the tube and the cavity walls, 
as shown in reference 19. 

Finally, with the present-day 
designs, the proliferation of high 
power, and a congested VHF/UHF 
communications spectrum, we must 
pay more attention to out-of-band 
radiation and especially harmonics. 
Although a low-pass filter may reduce 
output power slightly. FCC regulations 
must be complied with. Remember 
also that if your amplifier has too much 
harmonic output power, it will appear 
to increase V S W R and yield false 
readings. In this regard, the push-pull 
configuration is preferred. Many har-
monic suppression techniques are 
used, but the simplest is probably a 
shorted 1/4-wavelength coax stub 
shunted across the amplifier output 
connector. 

summary 
In this month's column I've only 

scratched the surface of VHF/UHF 
power amplifier design, emphasizing 
the new FCC output power regula-
tions. Next month's column will ex-
plore the subject in greater depth, with 
emphasis on practical applications and 
construction. In the meantime, I'd sug-
gest a review of the references listed 
— especially reference 1, because it 
deals with most of the problems prev-
alent in high power amplifiers and of-
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fers many suggestions on solving 
them. 
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January VHF/UHF events 
January 3: 

January 12: 
January 12-13: 

short circuit 
VHF/UHF world 

In W1 JR's column, "VHF/UHF 
world: high dynamic range receivers," 
(November, page 97) the source of the 
NE41632B transistor and the balun 
core was correctly identified as 
PROTO-FAB. Since publication of the 
November issue, however, PROTO-
FAB has changed its name to PROTO-

PARTS. 

PROTO-PARTS regrets that no tele-
phone inquiries can be accepted. Mail 
inquiries, however, are welcome; 
please include SASE. Inquiries and 
orders should be addressed to 
PROTO-PARTS, 74 Wedgemere 
Drive, Lowell, Massachusetts 01852. 

In the November column, certain 
paragraphs on page 100 were trans-
posed. For a corrected copy of that 
page, send an SASE to ham radio, 
Greenville, New Hampshire 03048. 

In figs. 5 and 6 of W U R ' s 
December column, a ground should be 
connected to the 5-volt, 3-terminal 
regulator. 
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REVIEW 
frequency counter kit 

The handheld frequency counter designed by 
Roger Ray. (as published in the UK's Radio and 
Electronics World in November, 1982, and im-
ported and sold by RAD10KITI is a neat little 
project that shouldn't take up too much time. 
A valuable piece of test equipment for your ham 
shack, it runs off an inexpensive 9-volt battery, 
is quite liyhl arid easy to carry around, covers 
20 Hz to 150 MHz, and has a five digit LCD dis 
play with a resolution of 1 Hz to 10 kHz depend-
ing upon range selected. 

design 
Ray went to great lengths to design this meter 

with simplicity in mind. An FC 177 LCD readout 
module, which also contains an OKI MSM 5527 
frequency counter, is used for the display. Com-
bining these two functions into one package 
greatly simplifies the construction of the counter. 
The FC 177 is designed to measure and display 
frequencies from 20 Hz to 3.999 MHz. To meas-
ure frequencies higher than 3.999 MHz. a divide 
by 10 or a divide by 100 prescaler is incorpo 

products 
microphone equalizer 

Heath's new HD 1986 Microliter is designed 
to improve the quality of transmitted speech and 
provide a better match between microphone and 
transceiver. This battery powered microphone 

equalizer fits in series with a microphone and 
transceiver using a standard 4-pin microphone 
jack and 1/4-inch phono output jack. It has con-
tinuously variable frequency controls to provide 
a I 12 dB (boost and cut) at 490 Hz and 2800 
Hz. A gain control permits the user to increase 
or decrease the microphone signal fed to the 

rated. To keep power consumption low, a count-
and-hold technique is used when measuring fre-
quencies above 3.999 MHz. In the LF range, 20 
Hz 10 kHz, the unit has a 50 mV sensitivity; 
in the MF range (10 kHz 4 MHz) a 20 mV sen 
sitivity, in the HF lanye (100 kHz 40 MHz) a 
20 mV sensitivity; in ihe VHF range (10 MH7 
150 MHz) a 100 mV sensitivity. Users will find 
that this unit, while not designed for laboratory 
precision, will give more than adequate readings 
for nearly all of their measurements. 

circuit description 
The input frequency is switched by the fro 

quency range selector to one of four buffer 
stages. For measuring in the LF range, the signal 
is amplified, its frequency is multiplied by 100, 
and then used to control a VCO that is a part 
of a PLL circuit. The frequency displayed is that 
of the VCO with the decimal point properly posi-
tioned to account for the X100 lactor. For ex 
ample, an 800 Hz inpul signal would be changed 
to 80 kHz through the VCO, but counted and 
displayed as 800 by the FC 177. 

Measuring in the MF range is within the 
FC 17?'s design. Signals aie amplified and then 
directly led to the display module. To measuie 
in the HF range, signals are first amplified and 
then fed through a divide by-10 prescaler 
(MSL 231 RSI directly into the FC 177 for count-
ing and display. 

VHF range measurements are accomplished 
in a manner similar to that of HF signals, with 
the prescaler changed to divide-by-100. 

As mentioned, this unit is designed for low 
current consumption. However, (he MSL 231RS 

transceiver for maximum efficiency and cleaner 
operation. The Microlizer can be bypassed to 
allow direct connection between microphone 
and transceiver by simply turning off the power 
Switch. 

For complete information and/or a copy of the 
current catalog, contact Heath Company, De-
partment 150 405, Benton Harbor, Michigan 
49022 

Circle /301 on Reader Service Card. 

universal audio filter 
Palomar Engineers has announced a new uni-

versal receiver audio filter. Model FL-4 - for 
SSB, CW, and RTTY - leatures switched 
capacitor filters. A 10 pole low pass and ail 
8-pole high pass can be moved anywhere in the 
200 3500 Hz range to form a sharp bandpass 
filter at any frequency and of any bandwidth. A 
notch filter is also included. 

It connects to the receiver phone |ack and pro-
vides 2 watts of audio to drive a speaker. The 
on off switch bypasses the filter when not in use. 
It operates from 15 VDC. The price is $139.95 
plus 54 shipping. An optional 115 VAC adapter 
is available at $9.95. 

is designed with a current consumption of 
greater than 30 mA. To reduce current demand, 
a hold feature of the FC-177 is employed. Instead 
of constantly being counted, the incoming fre-
quency is measured once every second. The 
designer calculates that this reduces consump-
tion to below 15 mA, has little elfect on ac-
curacy, and adds several hours of battery life. 

construction 
The unit is built around a single-sided PC 

board and mounted to the enclosure by the four-
way frequency switch. The FC 177 is mounted 
on the cover of the plastic equipment box. Parts 
placement is fairly straightforward, with connec-
tions to the FC 177 frequency counter module 
through short flexible wires. All IC's are mounted 
on sockets so they can be replaced with a mini-
mum of effort in the unlikely event of failure. 

Careful attention to the location of the display, 
four way switch, momentary on off switch and 
BNC input connector is a must if the unit is to 
function properly. 

I'd estimate that overall time to build shouldn't 
be more than an evening or two. barring any un-
foreseen difficulties, 

conclusion 
At 574.95, it's really hard to beat this unit for 

ease of construction and usefulness in the ham 
shack. RADIOKIT has a number of other proj-
ects from various amateur radio publications. For 
a free catalog, contact RADIOKIT. Box 411H. 
Greenville, New Hampshire 03048. 

Circle /179 on Reader Service Card. 

- N1ACH 

For further information, contact Palomar En-
gineers. Box 455. Fscondido, California 92025. 

Circle #302 on Reader Service Curd. 

COR module 
Hamtronics, Inc., has announced the COR-3. 

a new version of its popular COR module. Like 
the COR 2, the C0R-3 has all the circuitry need-
ed to control a transmitter and receiver to make 
a repeater, including an electronic relay to switch 
the transmitter on and off as a function of the 
receiver squelch, a tail timer, a time-out timer, 
an audio mixer, and a local speaker amplifier. The 
COR-3 also has a "courtesy beep" function, and 
an additional timer that allows the beep to be 
adjusted up to five seconds after the receiver 
squelch drops. Whenever a station using the 
repeatei releases its microphone, a beep tone 
is heard after a short delay period. The beep in-
dicates that the party has finished talking and 
the time-out timer is reset. 

The price of the COR-3 kit is $58. For more 
information on this module and other transmit-
ter, receiver, and control modules for building 
repeaters, contact Hamtronics. Inc., 65F Moul 
Road, Hilton, New York 14468-9535. 

Circle #104 on Reader Service Card. 
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products 

signal generator 
A programmable, general-purpose signal gen-

erator base-priced at $4500, is said to meet or 
exceed the quality and performance of units 
costing over $6000. The Fluke 6060A Synthe-
sized Signal Generator accurately tests a wide 
variety of RF receivers, filters, amplifiers, and 
mixers. It covers a frequency range of 0.1 to 1050 
MHr,- (selectable with 10 Hz resolution) and has 
a switching speed less than 100 ms typical. 
Non-harmonic spurious products are less than 

60 dBc, and harmonics are less than 30 dBc 
across the entire frequency range. Amplitude 
levels are selectable from - 137 dBm to t 13 
dBm with 0.1 dB resolution. 

For further information, contact John Fluke 
Manufacturing Co.. Inc.. P. 0 . Box C9090. 
Everett. Washington 98206. 

1.3 GHz frequency counter 
Digital Instruments Inc. (formerly David Elec 

ironies) of Tonawanda, New York, has announc-
ed its frequency counter 1/72161, The new 
counter has a range of 10 H/ to 1.3 GHz and a 
gate time of 100 MHz 0.1 and 1.0 second as well 
us 1.3 GHz 0.16 and 1.6 seconds. Its display con-
sists of eight 0,04-inch LEDs with an automatic 

7 2 1 6 COUNTER 

/3DD.1DN0 
a 

decimal point. The prescaler and built-in gate 
light all fit neatly into the small 5 1 /2 x 6 x 2-inch 
all-metal case. Its power requirements are 
105-125 volts 50/60 MHz at 3 watts with a safe 
input of 120 volts RMS to 10 MHz and 2 volts 
RMS above 50 MHz. The price is $249.95. 

For additional information contact Digital In-
struments, 636 Sheridan Drive, Tonawanda, 
New York 14450. 

Circle #136 on Reader Serv ice Curd. 

New From 
Butternut® 

HF2V 
DX The 80 & 40 
Meter Bands 

The HF2V is the perfect complement 
for the Ham who already has a beam 
antenna for 10-15-20 meters. Add 80 
and 40 meters (160 meters with an op-
tional resonator kit) with a trim-looking 
vertical that can be mounted almost 
anywhere. 

With the decline in sunspot activity, 
the HF2V's low angle of radiation will 
get you DX on the low bands - - even 
when 10-15-20 meters are "dead. " 

Automatic bandswitching. No lossy 
traps. Double wall tubing on the bottom 
section. Stainless steel hardware. Full 
V4 wavelength on 40 meters. 
Height: 32 ft. -Sel f supporting 
Power rating: legal limit 
VSWR: 2:1 or less 

40 Meters: Full CW & Phone 
band 
90 kHz 
kits available 

80 Meters: 
Add-on resonator 
160-30-20 meters. 

for 

Write for our FREE CATALOG. 

BUTTERNUT 
ELECTRONICS 

405 East Market Street 
Lockhart, Texas 78644 

(512) 398-9019 

WHERE'S THE TURKEY? 
• Synthesized Vdice 

Doppler Direction 
Finding 

• VHF and UHF 
Coverage 

• RS232C Computer 
Interface -Sm 

* No Receiver Mods 

* Mobile or Fixed 

* 12 VDC Operation 

* Digital and 
Circular Display 

* 90 Day Warranty 

New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas, Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

p ) DOPPLER SYSTEMS, INC. (602) 998-1151 
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INEW! 
products 

A M T O R code conver ter 
The AMTOR-10A unit f rom HAL allows 

transmission and reception of radio teleprinter 
signals wi th the added feature of error correc-
tion. The AMTOR-lOA is a code and speed 
{baud rate) converter unit that, when used w i th 

the CWR6850, allows 7-unit AMTOR code com-
munications at 100 baud while retaining com-
munications capability wi th the standard 5-unit 
BAUDOT code from 20 to 100 baud and the 
8-unit ASCII code from 76 to 200 baud. The 
AMTOR-10A is designed to interlace easily with 
the CWR6850 white retaining all the standard 
features of the unit, including CW operational 
capability. The price of the AMTOR-10A code 
converter is $395.00. 

For further information contact HAL Com-
munications Corporation, P.O. Box 365, Urbana. 
Illinois 61801. 

Circle f303 on Reader Service Card. 

ALL BAND TRAP 
VERTICAL ANTENNAS! 

F U L L t / 4 t h W A V E - All B«na*l Automatic Selection with 
proven H i - Q Trap* 5 M o d d * > A L L supporting - G r o u n d 
or roof mount. H I S T R E N G T H F I B E R G L A S S T U B I N G 

O V E R - A L L . N O W O B B L Y , L U M P * T R A P S - N O U N -
S I G H T L Y C L A M P S needed - S u e I 1/4" at! the way w p -
Trap* htddan tnsMe. You C*n ute N In a 1 It, »q. Backyard! 
F O R A P A R T M E N T S , M O B I L E H O M E S - C O N D O S etc. 
w h e r e minimum space and neat appesrence 1» M A N D -
A T O R Y ! In»l«m "Drive In"ground mount (included). Use with 
or without raalats (included) (All angle root mount - E x t r a ) 

C O M P L E T E L Y P R E T U N E D « N O A D J U S T M E N T S N E E D -
EO E V E R ! N O T U N E R N E E D E D F O R M O S T T R A N S -

C E I V E R S ) U t e - H G 6 U leeClme. length 1 2 0 0 0 Watt 
P E P . Input power. Shipped - P R E P A I D IN U S A . A»»emblc* 
In tO mln, using only tctxwdrtver. W E A T H E R P R O O F ! 

-*t<J9 9S 
- $140.95 
- 5.110.DS 

N o . - A V T S O - I O 5 Band 2 3 ' 6 " . 
No.- A V T A O - I O 4 Band IQ'9* -
No.- A V T 2 0 - I 0 - " — 3 Band l l 'A" -
1 2 - 3 0 Mbim Models . W r i t e 10' in l ) 

S E N D F U L L P R I C E F O R P P DEL IN USA (Canada (a 
S 1 0 0 0 ratra tor pualaga. clerical, Coatoma l o r order uiihq 

V I S A , M A S T E R C A R D or A M U R - E X P Ph I - 3 Q 8 . 
2 3 G - 5 3 3 3 " f t M - G P M weekdays. W e amp In 2 - 3 
day* All Aniennaa Cunranleetl lor I year - 10 day 
monoy »ata Irlal Free Int. - j g a 

W E S T E R N E L E C T R O N I C S 
Dept. A R Kearney Ne. GOEM, 

Microwave Test Equipment 
RMSG S igna l Genera to rs i 0 
Manual luri ing • 8-30 
VDC inpul • 1 10 .7 voll 
ou lpu i to luned detecior 
• narrow band eleclr ical _ jr,-
tuinrtg • -1. 3.7-<l.2 GHZ. . -«- . - ' - . 
$51 16 • -5. 2 3-2.45 GHZ S61.16 • with 
bat lery clip and on oi l swi lch, -2, -6, 
$53.95, S63.95. 
RMVO Vo l tage T u n e d Osc i l l a to rs 
+ 12 VDC bias • -1 10-12 VDC tuning • 
1 ' x H / y PCB • -1. 2.1-2.5 GHZ, $24.95 
• -2, 1.8-2 1 GHZ, $24.95. 
RMVA Var iab le A t t e n u a t o r 
10 it) 60 DB, 1 to 6 GHZ. $14 95. 
Also: Tesl Antennas. Diode Detectors. 
Dual Direct ional Couplers, and Line 
St rc' c i it "is 
ROENSCH MICROWAVE 
a n . I . Boy 156B. PH: 8t(i!163-2SiO 
B R O O K F I E L D . M I S S O U R I 6 4 6 2 8 ^ l g 5 K 

KITTY S A Y S : W E A R E N O W O P E N 7 D A V S A W E E K . 

Saturday & Sunday 10 to 5 P.M. 
M o n d a y - F r i d a y 9 10 6:30 P M Thins to ft P M 

C o m e to B u t t y ' s lor the b o s ! buys in town 
ONV Solely 
twlls-ln s l o c k 

For Iho best buys In town call: 
212-925-7000 

Loa Procios Mas Bajos en Nueva 
Yotk 

Ring In Ihe Mew Year 
Willi l l » b*sl ol Baiiy's Now Ooai 

KENWOOD 

E l ICOM 
IC R7IA, IG Htl, IC.'.ll; ! /,'AH IC :)M 

IC-47A. IC5,'1A,H ICJKL IC-471AJH 

m s s y 
PLUKE 77 

3 stocked YAESU 

F T ONE. FT 980. F T 757GX 
FT72GR. FT-77,Now 2-ntBter comin| j 

R-GOO. R 1000, R 2000. TS-930SfAT. 
TS 430S, TR2600A'3500. T R 7950. 
TW4D00A Konwood S e i v i c o m e 
pnlr. r n - 2 1 A l . 1 M . 4 1 A T , T M 2 1 1 A / 
411A & TS-711AAJ' !A 

ICOM 
FT203II03B IC?AT 
FT-209R/H IC02AT 
FTC-1903 IC-OJAT 

.. idUotx M*tiin4/$t*nd«'a Wilton Mini Com It '•hi, nc iiei.ri *to) can. IC U17IU>ilA*»M70D T«mp« M-

ROCKWELUCOLLINS 
KWM-3S0 

VoCom/Mlrago/Dalwa LafQO mvuntory ot 
Tokyo HyPowoi Sax ton Wiro S Cnfclo 
Amolille's & 
&/8> HT CAin AMERITflON AUTHORIZED DEALER 
Antennas IN STOCK 

s l o c k e d : M F J 1 2 2 4 

I MICRO! OG AIB 
KANTHONICS 

| UTU. Inlorlactf II. Cliallitngci 

Spectrum Communications 
• , AEA CP-I. PKT-1, DR. DX ynosu FTFI2410, Wilson 

Pllllly»tl«n AutnotlMfl ICOM IC-HP 3010 (440 HHl| 
•Isltlbutor (COM I CAP 1210 (1.2 GM.'I 

All OlBk COmplBlK Elultarnul Antenna 
Inventory in Slock1 

Hall microphones & 
equalizers Jn slock 

B E N C H E R PAODLES, 
BALUNS, AUDIO F I L T E R S , 

IN S T O C K 
Fo* Tanijo Filter-. LUNAR PREAMPS SIUCKED 

O E N T R O N IS B A C K IN S T O C K 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP., 512 BROADWAY, NEW YORK CITY. N Y 10012. 

M a w Vnrk r»l tu)« LARQEST STOCKING HAM DEALER l u r t i w i i y s COMPLETE REPAIR LAB ON PREMISES 
"Aqu l So Hnbla Espanol" 
BARRY INTERNATIONAL TELEX 
TOP TRADES GIVEN ON USED EQUIPMENT 

S«1 k*(i.»v «, *HiMi!it( '0 AM to fiPM if'tm Ptll»l«gi 

Wo Stock AEA. ARRL. Alphji, Aahko, Anttmnn Sp^clnllsiik. Asiatic 
Asfoii. B S K . B 2 W . Basti. Ow»c>njf. Ol>d. D«Hlnmu1, COE. C I S , Collins, 
Communications Spec Conntrciots, CtwwcwM. Cutwc (SwflnX Cashosl l . 

authorised wsrs mckav ovmek for shortwave antennas a receivers 
iRTaEX ' SprinQ Si Station' 

Sulmay.: pMT "Piinĉ  SI. Sl»tlon" 
INO "F" Tfiin Bwy SUtion" 

Bus; Biaadway to Spring SI. p«ir>-9thSiA!nAf« 

CoTVTSB>ri»l fquipnunl Sir*.»«*J ICOM, MAXOH, MlrJiarv], UlarHtao) W» 50l\ taolllj Wo 

IS SDK Ofllw/t, Qonlion. Digimai, UiaKo, flO (Alpha). Elmac, Encornm. Hell SoufMl, Haruy. Hustlai iNewtronicsi, Hy Gsln. Icom. KIM, Kamionics. LaiBon. MCM (Oslwai, MFJ. J W Millar. Mlni PioducH. Miiago. NowIiohIcc. Nya Viking, Palomof. RF P«xlucta. Rutlio Amuleuf CellOook. RotooL Rockwoll Col lilts. Sa«ton. Snmo. Swun, Titlo», lompo. Ten Toe, Tokyo HI Powor. Trtonyx TUBES, W2AU. Wabet. Wilson, Yaosu Ham Commoicifll fUWlOi, Vocom, Vlbrnpler, Cuiiifi, Til Ex, Wacom DuploKCft, Ropoalors. Pfwlpi Oodg«, Fanon lnte<corns. Scanners. CrystnlB . Radio 
Publications 

WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
tiCALER INQUIRIES INVITED PHONC IN VOUM OMDEO f, Bf "EIWHURSEO 

COMHKRCIAk RADIOS atoehad ft aarvlead on prvmlaaa. 
Amateur Radio Courses Given On Our Promises, Call 
Exsorl Ordvr* 9htpp«d Immadlatsly. TELE* 12.7070 

<P 

Cq 

HOLIDAY CLEARANCE IC-745 HF Base H '.A'.'INhS ! 1 i 

amlronics® 

HIGH QUALITY MODULES FOR 
REPEATERS, LINKS, TELEMETRY, ETC. 

< I A H Jl-MNt 
t< (1M. At A. 1 Ai.",| N, VAN . .\ii;fi| fi. vHIUiU't i x 
uvn V!».!fJ<.., i AI UN • (IHM, t 1. Ai R .1 , 
Ai-K! Pl ini I. A?I"M",. • AI . .1 i'. i (AM ! i i f II' .. 
t ' P o v . ' ) V | K I-'. i I i; i"i (AV{" . i . :Amm i.t | . i 

915 North Main Street ***** ^ ^ ' 
Jamestown, New York 14701 - ^ PH, (716)664-6345 
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market 
RATES Noncommercial ads 10<P per word; 

commercial ads 60C per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (riot all capitals) and must in-
clude full name and address. We reserve the 
right to reiect unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

WANTED for my hobby. Old or new foreign paper money. Will 
accept for free or will buy or Irade. Hincke (WA6LFJ), 1854 
East Bay Drive, North Bend, OR 97459. 

IBM-PC RTTY ASCII/BAUDOT/CW send and receive. Split 
screen, buffers and features beaucoup SASE to E. Alline, 
773 Rosa, Metairie, LA 70005. 

CX7 REPAIRS. 415-549-3210. 

ELECTRONICS Technology Course 34 credit, excellent for 
FCC license prep. $50 Johnson GA2 $50, RCA volt ohmyst 
$30. RF signal Gen $20, AF signal gen $20 K6KZT, 2255 
Alexander, Los Osos, CA 93402. 

TRAVEL-PAK QSL KIT — Converts post cards, photos to 
QSLs. Stamp brings circular Samco, Box 203-c, Wynantskill, 
New York 12196 

WANT old antenna books, handbooks, CO, pre-1940 OST 
Tad Cook, KT7H. 5519 - 12th N E.. Seattle, WA 98105. 

CUSTOM MADE embroidered patches Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-
ing information Hein Specialties, Inc., Dept 301, 4202 N. 
Drake, Chicago, IL 60618, 

REALISTIC 5-band solid state communications receiver, short 
wave and domestic, with speaker, efficient plastic dipole room 
antenna, with calibration charts and manual Four years old 
Used very liitle and has excellent world wide reception. $70 
or best offer Paul S. Bassett, J r , RFD #2, Sutton Center, MA 
01527. 

H6ATHKIT VF7401 - 2 meter FM digital scanning 
transceiver. Checked out by Heath. Asking $225. Call (217) 
344-4265. Tim Lazaro, W90EN, 203 S. Birch St., Urbana, IL 
61801 

Foreign Subscription A g e n t s 
for H a m Radio M a g a z i n e 

Hntn H.i'lo Aiu.Tru Ham Radio H.'WMnrt 
Harm Ut-h.w Po-.tbus 
fuSllHLtt Nl /flOU At 
O 'RSO I oerr.K.h HOIUM.1 

H;im W.t'lio Bi.'ltjium H,)I!| R.trtio IMly _ 

H'usselbesiuenwiKj 4 l<"> 1 POKtf Mil. 
Ortill 

Bol'jiurn 

Box 400 Gorierir11 K.irm Uow 
O /fil.Q I (it -r T ,,( h 

,my 
H.I» ?<m 
S i 41 0? UppianO', Vrtsliy 
SwcrJPO LlHjl.MK! 

'.in R S G 0 Ham Rndio f-t,inc: 
SM Electrons O.irifKjrm. 
?0 bi'i Ave 0t«£> Clarions Potters Bar T 89000 Auncrp HertsEN6 .WW 
Franc.e England 
M.irr> Radio G r̂m;ir,y 
Poitlar.h 2<lcvd Green, 
O /8f,0 Loerracti Johannestji 
Wesl Germany Republic 0 1 South Afr.r 

FOR SALE: Auto Connect Private patch simplex club no 
longer needs. Mint condition — works great. $225.00 we ship. 
K0EVU, 1228 Lincoln Blvd., Muscatine, 52761. (319)263-5316. 

TENNATEST — Antenna noise bridge - - out-performs others, 
accurate, costs less, satisfaction guaranteed, $41.00. Send 
stamp for details. W8UUR, 1025 Wildwood Road, Quincy. Ml 
49082 

RUBBER STAMPS: 3 lines $4.50 PPD Send check or MO 
to G.L Pierce, 5521 Birkdale Way, San Diego, CA 92117 
SASE brings intormatton 

DIGITAL AUTOMATIC DISPLAYS lor Collins. Drake. 
TS-520S (functional DG-5 replacement) and Swan 350C 
through 700CX. No installation Plugs into existing jacks and 
tube sockets (using extenders) FT-101 's and TS-520 models 
are easily installed. No drilling Six red 1/2" digits in a 5" by 
1-1/2" by 9" deep cabinet! Write for information. Grand 
Systems, PO Box 2171, Blaine, WA 98230. (604) 530-4551 

REPAIR, ALIGNMENT, calibration. Collins written estimates 
$25; non Collins $50. K1MAN (207) 495-2215. 

ATLAS 350XL owners group Send QSL card with s/n your 
rig Know anyone who repairs them? Have any technical in-
formation to share? Any questions? Rod, N5NM, Box 2169, 
Santa Fe, NM 87504. 

CHASSIS and cabinet kits SASE K3IWK 

SCHEMATICS: Radio receivers 1920/60's. Send name brand, 
model, SASE, Scaramella P O. Box 1, Woonsocket. Rl 
02895-0001. (602) 897-2534 

AMATEUR RADIO 'S newspaper — Worldradio. Latest into. 
One year subscription (12 issues) only $10. Worldradio, 2120-B 
28th SI . Sacramento, CA 95818. 

SELLING forty year collection of vacuum lubes from one dollar 
up. Send list ol your requirements for availability and quotes. 
M Levy, W5QJT, 4141 Krupp Dr., El Paso, TX 79902. 

CUSTOM embroidered emblems — Cloisonne enameled pins, 
your design, low minimum, excellent quality, free booklet. A T 
Patch Co , Dept 65, Littleton. NH 03561. (603) 444-3423. 

HAM RADIO Magazine collection: Sound volumes 1972, 1973, 
1974 and 1975. In HR binders 1976, 1977, 1978 and 1979. 
$120 for lot plus UPS shipping. US only W4UCH, Box 1065, 
Chautauqua. New York 14722 (716) 753-2654. 

WANTED: Cash paid for used speed radar equipment. Write 
or call: Brian R. Esterman, PO Box 8141, Northfield, Illinois 
60093. (312) 251-8901 

$$$$ SUPER SAVINGS on electronics parts, components, 
supplies, and computer accessories Free 40-page catalog for 
SASE Gel on our mailing list. BCD Electro. PO Box 830119, 
Richardson, TX 75083. Or call (214) 690-1102. 

WANTED: Old microphones, remote mixers other misc related 
items. All pre-1935. Box Paquette, 107 E. National Avenue, 
Milwaukee, Wl 53204 

WANTED: Used microwave equipment. D. Mitchell, K8URL, 
1 Cider Mill Lane. Upton, MA 01568. (617) 529-4638. 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7 00. Beginners RTTY Handbook $8.00 includes journal 
index P O . Box RY, Cardilf, CA 92007 

"HAMS FOR CHRIST." Reach other Hams with a gospel tract 
sure to please Clyde Stantield, WA6HEG. 1570 N Albright, 
Upland, CA 91786. 

VHF, UMF, ATC kits high quality professional kits from Wood 
& Douglas, England. Designs for RX's, TX's, Xcvr's, preamps 
Catalog. Lance Lyman, K8IXZ, Tactical Electronics Corp , PO 
Box 1743, Melbourne, FL 32902. 

WANTED: Early Hallicrafler "Skyr iders" and "Super Sky 
riders' with silver panels, also "Skyrider Commercial", early 
transmitters such as HT-1. HT-2, HT-8, and other Hallicrafler 
gear, parts, accessories, manuals. Chuck Dachis, WD5EOG, 
The Hallicrafler Collector, 4500 Russell Drive, Austin, Texas 
78745 

VERY in-ter-est-ing! Next 4 issues $2. Ham Trader "Yellow 
Sheets", POB356, Wheaton, IL 60189. 

GENERAL RADIO 650A impedance bridge $75 650-P1 
oscillator amplifier $75 WA3WHR. 4109 Oueen Mary Drive. 
Olney, MD 20832 (301) 774-9131 

SCHOTTKY mixer diodes HP-2800, 8/$ l + 25« postage 
Koempel, Box 335, Keansburg, NJ 07734 

SOLAR ELECTRIC panels at drastically reduced prices' Off-
spec and surplus modules from major manufacturers. Up to 
50°/o olf list. Styles, outputs vary Call FREE for details — 
800-638-8304. Major credit cards welcome. 

ELECTRON TUBES: Receiving,transmitting, microwave . 
all types available. Large stock. Next day delivery most cases. 
Daily Electronics, PO Box 5029, Compton, CA 90224. (213) 
774-1255 

COMING EVENTS 
Activities — "Places to go . . 

INDIANA: South Bend Hamfest Swap & Shop, January 6, first 
Sunday after New Year's Day al Century Center downtown 
on US 33 Oneway North between St. Joseph Bank Building 
and river. Industrial history Museum in same building 
Carpeted half acre room Open tables $1 per ft. Pour lane 
highways to door from all directions Talk-in freq 52-52, 99-39, 
93-33, 78'/218, 69-09, 145 29. 

AFCEA Amateur Radio Luncheon sponsored by the Armed 
Forces Communications and Electronics Association at their 
6th Western Conference held at the Disneyland Hotel in 
Anaheim, California, 29 through 31 January 1985. Admission 
free to all registrants There is a nominal charge for luncheon 
tickets. Following the meal, a panel of distinguished leaders 
will participate in a forum on ' 'Amateur Radio Support for the 
National Communications System". For additional informa-
tion: John W. Browning, W6SP. 6202 Lochvaie, Palos Verdes, 
CA 90274. (213) 544-2543 

ARIZONA: The Eastern AZ Amateur Radio Society will hold 
Amateur Radio license exams, Saturday, January 26, 9 AM 
to 3 PM, National Guard Armory, 4001 First Avenue, Safford. 
Prior registration deadline January 21 Send completed form 
610, copy of license and $4.00 registration fee to EAARS, PO 
Box 402, Thatcher, AZ 85552. For information: Richard, 
N7DZH (602) 428-6560 7 AM to 3:30 PM 

MASSACHUSETTS: The Mount Tom Amateur Repeater 
Association will host its first annual indoor Flea Market, 
March 3, 9 AM to 4 PM, Knights of Columbus Hall, Elder 
Council 69, Granby Road, Chicopee. General admission 
$1,00, Kids and spouse free. Tables $8.00 door; $7.00 ad-
vance. Set up 8-9 AM. Food and drink. Contact Mickey Vale, 
N1CDR, 6 Laurel Terrace, Westfield. MA 01085. (413) 
562-1027 

NEW YORK: Yonkers Electronics Auction, Sunday, January 
27, 9 AM to 3 PM, sponsored by the Yonkers Amateur Radio 
Club. All indoors at Lemko Hall, 556 Yonkers Avenue, Ad-
mission $3.00. Children under 8 tree. Inspection from 
9-10 AM. Club commission on successful sales only 10% first 
$100; 5% remainder. Hams computer and electronic wizards, 
CBers bring equipment (new and used) you want to auction 
off Unlimited free coffee all day. Talk in: 146.265T/146.865R, 
52 direct. 440.150T/445.150R. For information: YARC, 53 
Hayward Street, Yonkers, NY 10704. (914) 969-1053. 

LOUISIANA: The Southeastern LA University ARC (SLUARC) 
and the Southeast LA ARC (SELARC) are jointly sponsoring 
a Hamfest, Saturday, January 19, 9 AM to 3 PM at the old 
men's gym on the Southeastern LA University Campus. Free 
admission. 

THE VOLUNTEER EXAMINERS of the Grand Rapids Amateur 
Radio Association in cooperation with ARRL will conduct 
Amateur Radio exams in Grand Rapids, Michigan on the 
following dates: Friday, February 15, Friday, June 21, Friday, 
October 10, 1985 and Friday, February 21, 1986. Mail FCC 
Form 610, check/MO for $4.00 made out to ARRl/VEC to: 
ARRl /FCC Amateur Testing, c/o Mike Bottema, K3EX, 
930 — 92nd Street, SE, Byron Center, Ml 49315 

Operating Events — " T h i n g s to do . . . " 
JANUARY 26: West Virginia OSO Party, 1700Z Jan. 26 to 
1700Z Jan. 27. Single operator only. Exchange signal report, 
serial number and QTH (county tor WV stations; state or 
country for others). Mail logs by Feb 11 (include large SASE 
for results) to KBDS, PO Box 169«1, Charleston. WV 25326 

YL-OM CONTEST. Phone. Start St. February 9, 1800 UTC 
ends Sun. Feb. 10 1800 UTC CW start Sat. Feb. 23 at 1800 
UTC ends Sun. Feb. 24 at 1800 UTC. All licensed men and 
women operators throughout the world are invited to partici-
pate. Exchange station worked, QSO number, RS or RST, 
ARRL section or country Entries in fog must also show time, 
band, date and transmitter power. Logs must show claimed 
score and be postmarked by March 15, 1985 and received 
no later than April 5, 1985. Please send logs to: Marty Silver, 
NY4H, 3118 Eton Road, Raleigh. NC 27608, USA 

VT QSO PARTY 1985 0001Z February 2 to 2400Z February 
3. Exchange VT stations send RS(T) and county (CW) two-
letter county designators. Other stations send RS(T) and state, 
province or ARRL country. Send SASE now for official score 
and log sheets. Send logs/facsimiles, name, address, county 
(VT), nit March 1, 1985 to: D. Nevin, KK1U, W Hill, Nonhfield. 
VT 05663. 

1985 NEW HAMPSHIRE QST PARTY, 1900Z February 2 to 
0700Z February 3 and 1400Z February 3 to 0200Z February 
4. Work stations once per band and mode NH to NH QSO's 
allowed Exchange signal report and QTH (county for NH sta-
tions, state, VE province or DXCC country for others) Logs 
must be postmarked by March 15 Include large SASE for re-
sults Mail logs to: Great Bay Radio Assoc., PO Box 911, 
Dover, NH 03820 

WEST COAST 160 BULLETIN SSB CONTEST, February 9 
0000 GMT to February 10 2359 GMT. Single operator only. 
Exchange RST, GTH Subscribers/non subscribers. Score 10 
points per OSO Multipliers: states, VE Prov Country. Log info: 
date, time, rst. QTH. Send logs to: R Koziomkowski, 5 Wat-
son Drive, Portsmouth, Rl 02871 Logs must be postmarked 
before March 31 1985 



THE GUERRI R&ORT^ 
spectrum utilization: 
a challenge to technology 

In almost every segment of the 
radio spectrum we're faced with in-
creasing demands for frequency as-
signments, greater bandwidths, and 
increased radiated power (range/relia-
bility). Some specific segments groan 
under the burden: the AM and FM 
broadcast bands, the 40 and 20-meters 
Amateur bands, VHF and UHF busi-
ness radio, and the 2 GHz microwave 
area. Spectrum conservation and im-
proved utilization techniques have 
become a high priority for practically 
every user of the airwaves. 

Until now the methods used to 
squeeze more signals into the same 
tight space have been relatively simple: 
use SSB, reduce FM deviation, im-
prove antenna directivity, and so on. 
But more sophisticated techniques will 
be needed if we're to make more effi-
cient use of the spectrum. 

Fortunately, in 1948 a thoughtful 
scientist — Claude Shannon at Bell 
Laboratories — developed a theory of 
information transmission that showed 
the relationship between speed, band-
width, and time in a usable mathe-
matical form. Dr. Shannon's work 
made possible the coding concepts 
that permit more effective utilization of 
spectrum space. There are several 
ways in which RF signals can share the 
same "space": 

• time sharing 
• frequency sharing 
• different antenna polarizations 
• coding 

The goal of each of these techniques 

is to yield a signal-to-noise ratio that 
conveys information (a change of 
data) usable to the data sink — which 
is frequently a person, but could also 
be an unattended data terminal. In-
deed, time, frequency, and polarity 
diversity are all forms of coding. 

Modern computer technology gives 
us options with respect to code com-
plexity, efficiency, and speed that were 
simply not available when our present 
modes of communications were being 
developed. The basic objective of data 
coding for spectrum efficiency is to 
omit as much data as possible while 
still conveying relevant information. 

One of the more successful tech-
niques for bandwidth reduction is 
being used by some computer manu-
facturers to permit very high resolution 
graphics on conventional RGB dis-
plays. This process is called bit-plane 
encoding. In this process a signal of 2n 

possible amplitudes is transformed into 
n signals, each of which has only two 
amplitudes. The 2n amplitudes subse-
quently consist of an n-bit binary word 
at the output of an appropriate quan-
tizer. This process has demonstrated 
that it can reduce by six times the 
bandwidth needed to transmit high 
quality, full motion TV images. Manu-
facturers are now developing dedi-
cated digital signal processing chips to 
perform the necessary bandwidth 
compression and S /N ratio enhance-
ment functions. 

If we remember that information re-
quires a change of data, then even 
more bandwidth reduction is possible 
by further reducing, or eliminating, 
redundant data. AT&T adopted this 
technique, — called "condit ional 

replenishment" — to make possible 
the "picture-phone." In this approach, 
a TV frame is stored in a memory and 
compared against a subsequent frame. 
Only the parts that are different are 
transmitted. It was found that a band-
width of less than 100 kHz could con-
vey an acceptable moving picture 
using this method. If variable persis-
tence and digital background refresh 
are available at the receiving end, the 
data needs to be sent even less fre-
quently. Think of how much redun-
dant data is conveyed in the Amateur 
bands — background noise, non-linear 
distortion, excess power when band 
conditions are good, and so on. If 
Amateur SSB/FM rigs just had some 
digital storage and "variable persis-
tence" audio output stages . . .! 

Some TV receivers utilizing these 
techniques may be available by next 
year, but the real challenge remains a 
general commitment by the electronic 
industry to more frequent implemen-
tation of modern techniques. 

Since much of the processing 
needed to effect significant bandwidth 
reduction is very complex, most 
Amateurs will have to wait until the 
chips are readily available before they'll 
be able to actually use these tech-
niques in hardware. 

Even more efficient than these 
techniques, but still years away from 
Amateur implementation, are mutual-
ly adaptive data links. This approach 
enables both ends of the link to regu-
larly adjust their own performance to 
accommodate the predetermined ac-
ceptable data quality. 

Although this column is reserved for 
discussions of technological trends 
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with implications for Amateur Radio, 
the need for better spectrum manage-
ment is so urgent that I can't help but 
offer a few comments about ways in 
which each of us can help assure 
better use of our present bands: 

• Use the minimum power necessary. 
If conditions are good, settle for S9 on 
the other end. Remember that the 
mike gain is as useful as the volume 
control. 

• Use filters — keep out-of-band har-
monics and spurious responses to a 
minimum. Upgrade the internal filters 
(crystal/mechanical) in your rig to 
units with steeper skirts if they're 
available. Audio filters and response 
shaping can be useful in both the 
microphone and speaker circuits at 
your station. 

• When possible, use directive anten-
nas and keep the main lobe on the sta-
tion you're working. Never mind pro-
ving that you can work Lonely Island 
off the back of your beam. 

• Operate your rig within its limits. If 
you run a rig rated at 1 kW, keep it at 
1 kW. Pushing it to 1500 watts will only 
generate distortion, won't help you at 
the receiving end, and will probably 
cause the stations on either side of 
your frequency to miss the opportuni-
ty altogether. 

Someday the electronic capabilities 
I've discussed will compensate for the 
effects of individual operating habits 
on the spectrum. Until that time 
comes, solving the problem of effec-
tive spectrum utilization will be up to 
us. 

ham radio 
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The Ten-Tec 2591 offers 
everything you've ever 
wanted in a 2-meter 
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performance. 
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one million years of experience 
If you saw a resume that showed one million years of experience, I'm sure you'd be im-
pressed. One million, after all, is a very large number. But that, roughly, is the amount o f 
experience that we Radio Amateurs have to draw on. In fact, if you add all our years of 
experience together, it's probably two or three times that number. 

More and more often it seems that we're being told that Amateur Radio is dying, that 
our numbers are diminishing day by day. If you examine the figures — the inanimate statistics 
— it would, sadly, appear to be so. 

The key word here is inanimate. Yes, the numbers are inanimate. But we are not. Just 
thinking of what hams have been able to accomplish, and continue to accomplish, over such 
a short period of t ime, is mind-boggling. Perhaps what we need to do is stand back and 
look at the future of Amateur Radio f rom a broader perspective. 

Please understand that I 'm not for one minute discounting the facts or the importance 
of the statements made by others who share our common interest in the preservation of 
our hobby. Call me a perennial opt imist . . . it's just that when I look at what hams are doing 
in this country and abroad, I f ind myself feeling that we do have the capability to bring about 
the needed changes — but only if we are convinced of the urgency of the situation. 

Before putt ing pen to paper I scratched my head to come up wi th positive suggestions 
for actions that would reverse the "doomsday" trend suggested by the declining numbers. 
("Surely editors must have greater insight into solving the problems of their own f ie ld," I 
thought. "Given t ime, " I supposed, " I ' l l contribute a suggestion or two that can be put into 
act ion.") But then I thought about you, the half-million hams who have their own opinions 
about what 's happening, and about what can and should be done to strengthen and im-
prove our hobby. What an unbelievable resource! 

Maybe ham radio's first contribution can be to act as a clearinghouse for information. 
It would be our pleasure — nay, our responsibility — to help in collecting, sorting, and sharing 
your written suggestions, ideas, and insights about how to encourage the growth and ex-
pansion of Amateur Radio. 

Quick! While the thought is still fresh, jot it down on a blank QSL card, post card, or letter 
addressed to me at ham radio, Greenville, New Hampshire 03048. I promise that I'll read 
each and every one. 

Even the whisper of an idea can evolve into a plan and finally into action. "Sure , " you 
can say, " th is is all very general, but what can I add?" 

That's simple. What are you interested in? What aspect of Amateur Radio do you want 
to preserve and see grow? What do you like about our hobby? Dislike? What would you 
like to see change? And how would you change it? 

Ah, but who has the time? And what good will it do? These days, none of us has the 
time. We're all so busy, busier than we've ever been. But my answer to this is simply, "Nothing 
ventured, nothing gained." I 'm will ing to devote many hours to reading your responses — 
which may take no more than a minute or two to write. 

Make me very popular at the Greenville Post Office. Send those suggestions in today, 
tomorrow. Keep them coming. 

Rich Rosen, K2RR 
Editor-in-Chief 
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BURBANK, ILLINOIS' ANTENNA ORDINANCE HAS BEEN EFFECTIVELY OVERTURNED under the terms 
of a Consent Decree entered in U.S. District Court for the Northern District of Illinois on 
November 30. Burbank's highly restrictive ordinance had put a one-year moratorium on new 
antennas, which it limited to 35 feet, required insurance plus a $50,000 bond and annual 
inspection fees, and authorized a fine for interference to home entertainment devices. 

The Successful Two-Year Court Fight Was Waged by attorney Jim 0'Connell, W9WU, on behalf 
of WA9EKA and 58 other Burbank Amateur and CB operators. Under the terms of the settlement 
Burbank agreed to grandfather all existing antennas, promptly issue permits ($15 maximum 
fee) for new towers up to 65 feet (exclusive of any antenna!), and permit roof mounting up 
to 12 feet above a building without permit. In addition Burbank is under court order to 
repeal both the offending antenna ordinance and any other city ordinances or codes in con-
flict with the terms of agreement. December 19 the Burbank City Council unanimously passed 
the new ordinance required by the agreement. 

Estimated Costs Of This Important Battle Are Over $25,000 for the Amateur community 
alone, not including the tremendous investment in participants' time. The cost to Burbank 
taxpayers is not known. Though Burbank does represent an important victory for those 
Amateurs involved, the fact that it was by Consent Decree (which means in essence Burbank 
gave up rather than continuing to fight) somewhat diminishes its value as a precedent. 

PRB-1, The ARRL's Attempt To Get FCC's "Official Sanction" for Amateur Radio against 
local restrictions, received strong support from several non-Amateur sources before the 
Comment period closed in late December. The American Red Cross and a number of communities 
and county emergency organizations have all joined in supporting the principals of PRB-1. 
However, it appears unlikely that the League petition will see any Commission response in 
the near future, quite possibly not until mid-1985. 

20 KHZ CHANNELS ON 2 METERS' TOP HALF COMES TO THE MIDWEST, following overwhelming 
approval of the change by the Michigan Area Repeater Council at its December meeting. The 
timetable requires their frequency coordinator to come up with a comprehensive plan for 
changing existing repeaters' frequencies by next June. The actual changeover has been set 
to take place during May, 1986. 

To Accomplish The Switch Will Require Moving All present "split" (15 kHz) systems plus 
half those in present 30 kHz slots. Unfortunately, 20 kHz channels provide only 99 slots 
in 2 MHz vs the 132 available in the present scheme. However, 15 kHz spacing has never 
been entirely satisfactory, while those areas that have already made the change to 20 kHz 
report they now have few if any problems with adjacent channel interference. 

The Shift To 20 kHz Began In The Pacific Northwest, starting with British Columbia and 
Washington, then Oregon, Idaho, Montana, Utah, Arizona, and now Michigan. In addition, it 
appears to have been mandated for Mexican Amateurs by their government, and Texas, Louisiana, 
Kansas, Nebraska, and Oklahoma are all reported seriously considering the change. 

The Impact Will Fall Directly On Major Population Centers in adjacent states as well as 
Canada, so some sort of response to Michigan's action is expected soon. A meeting has been 
called by ARRL Great Lakes Director W40YI for January 19 in Ft. Wayne to discuss the situ-
ation; how well attended it will be remains to be seen, since it's being held the day before 
the Midwest's biggest winter hamfest in Arlington Heights, Illinois, 185 miles away. 

2240 AMATEUR EXAMINATION ELEMENTS WERE ADMINISTERED IN NOVEMBER by volunteer examiners, 
with an overall pass rate of 48%. Top Regional VEC was DeVry, whose VEs gave 298 elements 
wiht a 537o pass rate. Runners-up were GLAARG (Los Angeles), with 225; ARRL 4th District, 
212; Central Alabama, 193; and Metroplex, with 185. Nationally ARRL's groups gave a total 
of 564 elements, and W5YI's 135. DeVry also led in number of exam sessions during the month, 
with 16. Of the 51 VECs in place, only 55% were active in November. 

A Net Devoted To The Volunteer Exam Program Meets Every Sunday morning on 7280 kHz at 
17 00Z~ Net Control is W9JUG, who heads the VEC program at DeVry, and though the net is prin-
cipally for coordination of the ninth call area VE operations any Amateur who is interested 
in the volunteer exam program is invited to join in. 

A NEW BAND PLAN FOR THE 13 CM BAND, WHICH RECENTLY LOST 80 MHz to telemetry by FCC action, 
is going to have to be devised by the ARRL's VUAC. The two segments that remain, 2300-2310 
and 2390-2450 MHz, will have to be reallocated to accommodate such diverse users as moon-
bounce, fast scan TV, and the Amateur Satellite Service (which has been authorized, though 
not exclusively, 2400-2450 MHz by WARC 79). Comments and suggestions should go to VUAC 
Chairman Dick Jans son, WD4FAB, or to Mark Wilson, AA2Z, at the ARRL. 

OSCAR 10 IS ON A REDUCED OPERATING SCHEDULE for at least the next few months, to reduce 
battery drain during a period of partial eclipse of its solar panels. Check the Tuesday 
night or Sunday AMSAT nets for current times and modes. 

Amateur Satellite Orbital Predictions For 1985 Are Available again from Project OSCAR. 
Their 1985 orbital calendar covers all four Russian Mode A transponders, RS5, 6,7, and 8, 
plus all necessary data to determine the apogee of each OSCAR 10 orbit. Minimum donation 
for U.S. and Canada users is $10 (it's $12 overseas), to Project OSCAR, Inc., Box 1136, 
Los Gatos, California 94022. Please include a self addressed mailing label, too. 
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comments 
half-wave sloper 
Dear HR: 

The response to my ham note, 
"80-meter Half-wave Sloper Uses Re-
flector," (October, 1384, page 48), has 
been excellent. One interesting note: 
ham radio arrived at our QTH the Fri-
day before the Boxboro (Massachu-
setts) hamfest. We spent the weekend 
at the hamfest. Monday morning I 
called CQ DX 80 (grayline) and got 
Graham, ZL3MZ. Into the contact, 
Jim, KF4HK, broke in, asking for a re-
port from the ZL. (He got 5-9.) He then 
informed me that he had put up two 
of my slopers over the weekend, 
worked a ZS the night before, and 
wanted to say "H i . " A quick check — 
with others helping — showed a 3 s-
unit (18-dB) front-to-back between his 
two slopers. 

Bruce A. Clark, K01F 
Belfast, Maine 

J-pole or Zepp? 
Dear HR: 

The J-pole antenna described on 
page 43 of the July issue of ham radio 
(see "All-metal 2-meter J-pole Anten-
na," by Michael Hood, KD8JB) is not 
the magical 5/8-wave radiator that the 
author describes. The radiating portion 
is only that which extends above the 
19-inch 1/4-wave matching transform-
er. The radiating element is therefore 
38 inches, which is a 1 /2-wave end-fed 
"Zepp." 

Remember, the 1 /4-wave transmis-
sion line inverts the high impedance to 

a low one. A short at one end insures 
a low impedance. 

Slide the feedline away from the 
shorted end until a match is found. 

The reason "convention dictates 
that the antenna point upward" is so 
it won' t interact with the feedline and 
distort the radiation pattern. 

For more information, check your 
antenna handbook under the index 
title "Zepp or End Feed." 

Richard Ociepka, K1WWT 
Augusta , Maine 

The intent of my article was not to 
design a J-pole antenna, but rather to 
adapt a number of approaches to 
building a J-pole antenna for my own 
use. Along the way, / mentioned why 
/ felt the J-pole antenna was a viable 
alternative to using a 1/4-wave radia-
tor which had been the main 2-meter 
antenna at KD8JB to this point. / 
did not intend for anyone to assume 
this antenna was a magical 5/8-wave 
radiator. 

K1WWT is indeed correct in that the 
J-pole is an end-fed antenna and could 
be compared to the Zepp, since it is 
also end-fed, but / wouldn't go so far 
as to say the J-pole actually is an end-
fed two-meter Zepp antenna. While it 
resembles the Zepp schematically, its 
appearance does not resemble the 
Zepp's any more than a Vee, inverted 
Vee, driven element of a Yagi, or other 
form of 1/2-wave center-fed radiator 
resembles the basic dipole. These 
derive their names from their shapes. 
If / offended K1WTT by not calling the 
J-pole an end-fed Zepp, my apologies 
— but I'm still going to call it a J-pole, 
because that's what it looks like, which 
was why someone (not me) selected 
that name in the first place. 

The Zepp is a 3/4-wave antenna in 
its true form operating against a 
counterpoise of J/4-wavelength. The 
J-pole is tapped by the feedline at 
roughly the 5/8's point on the radiator 
— hence my calling it a 5/8-wave 
antenna. (I'm not the only one calling 
it a 5/8-wave antenna, either. I We can 
argue this point forever, but / don't 
think we'll get any further than we are. 

As far as "convention dictating the 

antenna be mounted upwards, "good 
engineering practice dictates that the 
feedline of any antenna be brought 
away from the antenna perpendicu-
larly, or at right angles (your choice — 
same result) for at least 1/2-wave-
length to keep coax/antenna inter-
action to a minimum. If that is indeed 
the case, then the installation off the 
side of the tower as / mentioned in the 
article is correct, and actually better 
than if you were to run the cable 
straight down and away from the 
antenna, as is most commonly done 
when a vertical antenna is mounted on 
top of a tower. I suppose there would 
be times when interaction would occur 
regardless of how the antenna was in-
stalled, but my experience to date has 
shown that no adverse effects have 
manifested themselves by pointing the 
radiator in the downward direction. It's 
difficult to argue with success. 

While not perfect by any stretch of 
the imagination, the J-pole as / built 
it works as / had intended it to work 
for my purposes, In addition, / felt that 
hams who put in a 40-hour week do 
not want to spend their free time with 
their noses in antenna engineering 
books trying to build the perfect anten-
na for their two-meter base stations. 
They want it quick, and they want it 
to work. I'd thought I'd covered all 
those bases. 

Michael P. Hood, KD8JB 
Grand Rapids, Mich igan 

S H O R L S I ^ I J J H O T U H . 

Bu i ld ing a cu r ren t ham radio p ro jec t? Call the 
Shor t C i rcu i t Ho t l ine any t i m e b e t w e e n 9 A M and 
Noon , or 1 to 3 P M - Eastern t i m e — before y o u 
beg in c o n s t r u c t i o n . We ' l l let y o u k n o w o f any 
changes or co r rec t ions t ha t shou ld be m a d e to the 
ar t i c le descr ib ing you r p ro jec t . 

(See "Pub l i she r ' s L o g , " Ap r i l , 1984, page 6, for 
deta i ls . ) 
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a home-brewed 
six-cavity duplexer 

Achieve 95 dB of isolation, 
using inexpensive parts 

After building a repeater, I soon realized that I'd 
need a duplexer in order to use the same antenna for 
the repeater, transmitter and receiver. After pondering 
the situation, 1 decided to build a six-cavity duplexer 
similar to the one described in the ARRL FM Repeater 
Manual.' This duplexer, while not cheap, still costs 
much less to build than to buy; the total cost should 
range from about zero to $250.00, depending on how 
well your junk box is stocked. 

The duplexer I built has a measured 95 dB of isola-
tion and 1.5 dB insertion loss. Figure 1 shows the 
completed duplexer in operation on the K9EYY re-
peater. Figure 2 shows a completed cavity; fig. 2A, 
a cross-section view (less inductor and capacitor). 

construction 

The first step in construction is to cut the 4-inch 
(10-cm) copper pipes to a length of 22.5 inches 
(56.25 cm). If you are using the thin wall variety of 
copper pipe, handle it carefully to avoid distortion. 
Square both ends of all six pieces by using a lathe and 
a steady rest to support your work. 

" A v a i l a b l e f r o m H a m R a d i o ' s B o o k s t o r e . Greenv i l l e , N e w H a m p s h i r e 0 3 0 4 8 

(8.BO p o s t p a i d ) 

fig. 1. Six-cavity duplexer with a measured notch of 95 dB 
and an insertion loss of 1.5 dB. 

By J.S. Gurske, K9EYY, R.R. 2, Box 178A, Lodi, 
Wisconsin 53555 
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Next cut the 1-3/8 inch (3.44 cm) copper pipes to 
a length of 18 inches (45 cm). Once again you should 
square both ends of all six pieces. Cut the 1-inch 
(2.5-cm) O.D. brass tubing to 6-inch (15-cm) lengths. 
You will need six of these. Now machine 6 brass plugs 
from 1-inch (2.5-cm) brass rod stock as shown in fig. 
3. The center hole in each brass plug is threaded with 
a 3/8 inch (0.938 cm) x 16 tpi tap. 

The teflon insulating bushings are fabricated next. 
(Refer to fig. 4.) Use very sharp cutting tools in the 
lathe tool holder and rotate the teflon material slowly 
in the lathe. I used a speed of approximately 35 RPM 
(I used the back gearing on the lathe) and it cut very 

» easily. You will need two of these bushings for each 
cavity, for a total of 12 teflon bushings. Be sure to drill 
a No. 50 hole in each bushing for a No. 16 wire. 

Use the lathe to fabricate an aluminum plug (see 
fig. 5A) to be used when silver soldering the threaded 
rod, the brass plug, and the brass tube. Then fabricate 
another special aluminum plug to the dimensions 
shown in fig. 5B. This plug will be used to temporari-
ly hold the finger stock inside the 1 -3/8 inch (3.5-cm) 
copper tube while you silver solder the finger stock 
in place. This plug will prevent the "fingers" from 
getting too hot and losing their temper. The solder will 
not adhere to the aluminum. 

Thread a nut onto a piece of 3/8 inch (0.938 
cm) x 16 threaded rod. Run the nut past the point 

table 1. Six-cavity duplexer parts list. This is a listing of all ihe parts you will need to obtain or fabricate to make a six cavity 
duplexer. Some of these items are shown in the photograph above. 

item 
number quantity 

(see photo) needed description 
1 6 4 x 22-1/2 inch (10 x 56.25 cm) copper tubes 
2. 6 1 3 / 8 inch O.D. x 18 inch 13.5 x 45 cm) copper tubes 
3 6 1 inch O.D. * 6 inch (2.5 cm * 15.25 cm) brass tubing 
4 6 pieces of finger stock io fit inside item 2 
5 6 tuning plunger bushing - 1 inch (2.5 cm) diameter brass rod 
6 6 tuning rods 3/8 inch (0.95 cm) x 16 threaded rod 24 inches 160 cm) long 
7 6 boxes to fit on top of cavities 
8 6 top covers for 4 inch (10.5 cm) tubes made of 1/4 inch (0.6 cm) brass plate 
9 6 bottom covers for 4 inch (10.5 cm) tubes made of 1/8 inch (0.3 cm) brass plate 

10 12 teflon bushings 1/2 x 1/4 inch (1.35 x 0.6 cm) 
11 18 nuts 3 /8 inch (0.95 cm) x 16 for tuning rods (6 for locking and 12 for tuning) 
12 12 coupling loops Imade from No. 16 tinned wire) 
13 3 inductors (made from No. 16 tinned wire) 
14 6 copper straps 1 / 4 x 1 inch (0.6 x 2.6 cm) No. 0.020 copper 
15 6 3/8 inch I.D. x height of mini boxes plastic pipe to keep mini box from compressing 
16 12 " N " type chassis coax connectors to couple one cavity to another 
17 4 7 inch (17.5 cm) tip to tip RG-192 double-shielded coax to couple the middle cavities to those on 

each end 
18 1 9 inch (22.5 cml RG-192 double-shielded coax to couple receive cavities to "T" connector 
19 1 26 inch (65 cm) RG-192 double-shielded coax to couple transmit cavities to "T " connector 
20 3 15 pF small variable capacitor IJohnson 189-5-5) 
21 2 lengths of RG-192 to reach from transmitter to transmit cavities and receiver to receive cavities 

where you will cut the rod, then cut the rod to a length 
of 24 inches (60 cm). Then run the nut off the cut end 
of the threaded rod to chase or clean any threads 
which may have been damaged when you cut the rod 
to length. You will need six of these rods (one for each 
cavity). 

Now look at fig. 6. Notice that a plastic pipe is slid 
over the threaded rod and fitted snugly inside the metal 
box. Check the inside measurement of the metal boxes 

Items to be purchased or fabricated for each cavity. The 
numbers in the photograph correspond to the numbers in 
table 1. 
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fig. 2A. A cross-sectional view of a single cavity. Neither 
the inductor nor the capacitor is shown in the metal 
chassis box. 

you will be using and cut six lengths of this 3/8-inch 
(0,938-cm) I.D. plastic pipe to fit snugly inside the box. 
This spacer is used to keep the box from changing its 
shape when you tighten the lock nut after you have 
adjusted the cavity. 

See fig. 7A. Make six bottom covers for the six 
4-inch (10-cm) tubes by cutting square pieces of 
1 /8-inch (0.313-cm) brass plate so that they measure 
4-1/2 x 4-1/2 inches (11.25 x 11.25 cm). Chuck 
these pieces of brass in the lathe one at a time and 
cut a 4-inch (10-cm) slot 1/16 inch (0.175 cm) deep, 
so that the 4-inch (10-cm) tubing fits snugly into the 
1/16 inch (0.175 cm) circle you cut into each 
1/8 x 4-1/2 inch (0.313 x 11.25 cm) square piece of 
brass base. You should have approximately 1/4 inch 
(0.625 cm) between the circle and the outside edge 
of these pieces of brass. 

Refer to figs. 7A and fig. 7B. Fabricate six top 
covers to fit on the 4-inch (10-cm) copper tubes, using 
1/4-inch (0.625-cm) brass plate stock. Cut rough 
5-inch (12.5-cm) circles from the brass plate stock with 
a hacksaw. Then insert the rough sawed blank into 
your lathe chuck. (A 4-jaw chuck might be easier to 

fig. 2. Completed cavity. Note the locking nut on the threaded 
rod to hold the tuning adjustment. Also note the metal chassis 
box, the two " N " type chassis connectors, top and bottom 
covers. 

14 H February 1985 



use at this point.) Cut this blank to 4-1 /2 inches (11.25 
cm) in diameter and drill a 5/16 inch (0.78 cm) hole 
in the exact center of this cover plate. Thread this hole 
with a 3/8 inch (0.94 cm) 16 tap. Cut a circular slot 
4 inches (10 cm) in diameter and 0.150 inch (0.375 cm) 
deep. The width of the slot should equal the thickness 
of the large 4 inch (10 cm) copper pipe, and the slot 
large enough so that the cover will fit snugly on the 
top end of the large copper pipe. Cut another round 
slot 1-3/8 inch (3.5 cm) in diameter and 1/8 inch (0.31 
cm) deep to accommodate snugly the 1-3/8 inch (3.5 
cm) O.D. copper pipe. Drill 2 holes 3/8 inch (0.94 cm) 
in diameter exactly 2-5/8 inches (6.56 cm) apart. The 
centers of these two holes should be exactly 1-5/16 
inch (3.28 cm! from the center of the hole you drilled 
and threaded. These holes will accommodate the 
teflon bushings. 

Refer to f ig. 7B and notice the four small screws 
pointing inward toward the center of the cover. These 
are used to hold the brass covers on the top of the 
large copper pipes. Use a No. 43 drill and cutting oil 
to drill 4 holes as close to the bottom of the cover plate 
as you can. Tap these holes with a 4-40 tap. (Use a 
good grade of cutting oil or you will break the tap every 
time. The broken taps cannot be removed and the ex-
posed edges must be ground off.) Fit 4-40 bolts in each 
of the tapped holes. If you grind a small point on the 
end of these bolts, they will hold the cover on the pipe 
more securely. 

Refer again to f ig. 6 and also to f ig. 8. Try to select 
a cast mini-box rather than a box made by bending 
sheet aluminum. The cast box will be more rigid and 
will keep the cavity tuned. Each box will include: 

• input and output coax connectors (chassis mount) 
located 7/8 inch (2.19 cm) up from the bottom of the 

box, 1-15/16 inch (3.28 cm) from the center of the 
box. 

• a 7/16 inch (1.09 cm) hole through the top and 
bottom of the box. 

• two 3/8 inch (0.940 cm) holes for mounting the 
teflon bushings; they must align with the holes in the 
top cover plate. 

• two holes for fastening the box to the top plate of 
each cavity (6-32 bolts). 

• a spacer installed between the top and bottom sides 
of the box to keep the box from distorting when tuning 
is completed and the lock nut is tightened. This spacer 
can be metal or plastic. The inside diameter should 
allow the 3/8 inch (0.94 cm) threaded rod to slide in-
side the spacer. 

The boxes I used measured approximately 4-3/4 
inches (11.88 cm) wide, 3-1/2 inches (8.75 cm) high 
and 2-1/4 inches (5.63 cm) deep and were obtained 
at a surplus outlet. 

assembly 
Figure 9 shows the main 4-inch (10-cm) diameter 

copper tube silver-soldered to the brass bottom plate. 
(Using low-temperature silver solder, we were able to 
attach the 4 inch (10 cm) tubes to their bases with the 
heat from only one acetylene torch in spite of the great 
conductivity of the 4 inch, 10 cm, copper tube.) Place 
the tube in the slot you machined in each square brass 
plate, apply flux, and silver solder the base plate to 
the 4 inch (10 cm) copper tube. Check for trueness 
before you lay the piece aside. 

Next place the 1-3/8 x 18 inch (3.44 x 45 cm) 
copper tube into the slot previously cut in the round 
1 /4 inch (0.63 cm) brass top plate. Check for trueness 
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and silver solder in place. See fig. 10 which shows 
the tube silver-soldered to the brass top cover plate. 
It also shows how the finger stock fits inside the other 
end of this tube. The finger stock should be silver 
soldered to the inside of 1-3/8 inch (3.44 cm) tubing 
at the lower end. Figure 10 shows its location and how 
it must contact the 1-inch (2.5-cm) tube for adjust-
ment purposes. When silver soldering the finger stock, 
do not overheat the fingers. The aluminum plug you 
made earlier will help prevent overheating. I used a 
propane torch and the low temperature silver solder 
mentioned above. Obviously, you will not have the 1 
inch (2.5 cm) brass tubing inside the finger stock while 
silver soldering. Instead, use the aluminum plug to 
hold the finger stock securely inside the 1-3/8 inch 
(3.44 cm) copper tube while you are soldering. After 

Z'ftn i wirrt cuuNltftii, 
tlir rofi iurtiL ctNtEH 

fig. 5A. The dimensions of the single aluminum plug used 
to fit into the open end of the 1-inch 12.5-cm) tube and 
supports the open end in the lathe center while the 
threaded rod. the brass plug detailed in fig. 3, and the 
brass tube are silver soldered. 

soldering, slide the 1-inch (2.5-cm) brass tube inside 
the finger stock. If the finger stock does not make firm 
contact with the 1-inch (2.5-cm) tube, remove the 

fig. 6. Detail of plastic pipe spacer, threaded rod. locking nut, 
teflon bushings, coax fittings and how they fit in the box. 

fig. 7A. One of the six bottom covers showing the slot. The 
large copper pipe will fit in this slot and be silver soldered 
to the plate. 

fS r m l 

fig. 5B. The dimensions of another aluminum plug to be 
used when silver soldering the finger stock inside the 
six 1-3/8-inch {3.44-cml copper tubes. 

fig. 7B. A completed top cover. Note the center threaded hole, 
the two holes for the teflon bushings, the two slots for the 
copper tubes, the 6-32 threaded holes and the four 4-40 bolts 
in their holes. 
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1-inch (2.5-cm) tube and bend each finger inward so 
that it does make firm contact. 

Examine fig. 11 for the following details. It is very 
important that the 1-inch (2.5-cm) brass tube be 
attached to the 24-inch 160-cml length of 3/8 inch 
(0.938 cm) by 16 threaded rod as accurately as possi-
ble. In other words, when the 3 /8 inch (0.938 cm) by 

fig. 8. One of the six chassis boxes. These boxes are held to 
the top cover plates with the two 6-32 bolts in the foreground. 
Also note the spacer inside the box, the "N" type coax chassis 
mounts and the teflon bushings. 

16 (adjustment) threaded rod is turned, the 1-inch 
(2.5-cm) brass tubing should not wobble in the finger 
stock inside the 1-3/8 inch (3.44 cm) copper tubing. 
An easy way to accomplish this is to put one end of 
the threaded rod in the lathe chuck and thread the 
other end into the brass plug you machined earlier. 
Slide the 1-inch (2.5-cm) brass tube onto this plug. 
Then put the small aluminum plug (see fig. 5A) in the 
open (other) end of the 1-inch (2.5-cm) brass tube. 
Support this end by having the live center (or dead 
center) ride in the countersunk hole drilled in the center 
of this plug. The other end of the brass tube is held 
"centered" by supporting it in the steady rest. 
Lubricate the steady rest jaws and rotate the entire 
assembly while silver soldering the threaded rod into 
the threaded brass plug, and the plug to the brass tub-
ing. When the silver soldering is complete, continue 
to let the piece rotate until it has cooled. Figure 11 
shows the threaded brass plug, the threaded rod, the 
aluminum plug, and the 1-inch (2.5-cm) brass tube as 
well as the steady rest as it was set up in my case. 

After the assembly cools, thread the rod up through 

fig. 9. One of the six main copper tubes silver soldered to the 
bottom cover plate. 

fig. 10. The top plate silver soldered to one end of the 1-3/8 
inch (3.44 cm) O.D. copper tube and the finger stock silver 
soldered to the other end (foreground). Note how the finger 
stock firmly contacts the inner tube. 
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fig. 11. This is how the threaded brass plug is silver soldered 
to'the brass tube and threaded rod while turning in the lathe. 
Note how the a luminum plug described in fig. 5A is used to 
support the other end of the brass tube in the tail stock live 
center rest. 

t/2' 
i 125 (flj 

— r~ -

NO. ft. rtNH££> #!Rt 

fig. 12. The dimensions and shape of the inductor, which 
spans the input and output coax chassis connectors in-
side three of the chassis boxes. 

the brass top covers. Make sure the finger stock firmly 
contacts the 1-inch (2.5-cm) brass tube. (See f ig . 10.) 

coupling energy to the duplexer 

Three cavities use short lengths of No. 16 wire while 
the other thr§e use a small capacitor. The three cavities 
that have inductors made of No. 16 wire connected 
from the input to the output coax chassis connectors 
will go to Ihe receiver and be tuned to provide a notch 
at the transmitter frequency. 

Refer to f i g s . 12 and 13. Bend a length of No. 16 
tinned wire to the dimensions and shape shown in fig. 
12. Temporari ly connect all three inductors between 
the input and output coax chassis connectors. Do not 
solder these wires at this time because you will have 
to remove them for the first step in the tune-up pro-
cedure later. 

The other three cavities will each have a small vari-
able capacitor (15 pF) connected between them. 
These three can then be put in the transmitter line and 
the notch tuned to the receiver frequency. The capaci-
tors are connected to the input and output coax con-
nectors with copper strips measuring 1 / 4 x 1 inch 

Mt.TAL CHASSIS BOX 

Q 

fig. 13. The inductor is connected in three of the cavities. 

(0.625 x 2.5 cm). Refer to fig. 14 and cut six pieces 
of copper flashing. Then connect them to the 15 pF 

I/A 
(0 SZScml 

.. l — 
fig. 14. The dimensions of one of the two copper straps 

that attach to each 15 pF capacitor. Make six of these. 

t,pl CAPACttO" 

1/4" X l"(£U2S X ? 5c-) 
COPriN siHirs 

fig. 15.15 pF capacitors are connected with two copper 

straps in each of three cavities. 
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fig. 16. Two of these loops are usd to couple the signal 
into and out of each cavity. Make 12 out of No. 16 tinned 
wire. (These measurements are critical, as is the shape 
of the loops.) 

capacitors as shown in fig. 15 and fig. 18. Solder 
these three capacitors to the copper strips (see figs. 
15 and 18), but do not solder to the input and output 
connectors yet. 

The loops that couple the energy into each cavity 
are also made of No. 16 tinned wire. Their shape and 
dimensions are critical', use figs. 16, 17, 18, and 19 
for the proper configuration and measurements. Con-
nect these loops to each input and output connector 
and to the bottom side of the top plates. Do not solder 
the wires yet. Hold the copper strips in place and 
solder the wire coupling loops and simply tack solder 
the copper strips to the input and output connectors 
(fig. 18). 

One end of these loops is tied to the underside of 
the top plates. I modified some small wire ends and 
tapped 4-40 holes. The 4-40 screws through the wire 
ends provide a mechanically secure and electrically 
good anchor to the underside of the top plates. (See 
fig. 16, 17, 18, and 19.) The coax chassis mounts are 
located 5-5/8 inches (6.56 cm) apart, (or 1-5/16 
inches, 3.28 cm, on each side of center) 7 /8 inches 
(2.19 cm) up from the bottom of the mini-box. 
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fig. 20. Wooden base holds all six cavities. The base 
covers fit into the square pockets. 

NOTE' 
I. SIX CIRCLES 45 SHOWN 
S.CUT THROUGH Of* LINES AS SHOWN, 
3 CUT OUT CIRCLE HALVES 

fig. 21. The details of the upper clamp. 

building the wooden holder 

After all six cavities have been built, mount them 
together in a holder and tune them to the desired fre-
quencies. (Refer to figs. 20, 21, and 22 for construc-
tion of the wooden holder clamp assembly.) 

The cavities should not be allowed to touch each 
other as this will tend to detune them. You can build 
a special holder to prevent them from contacting each 
other, by following these steps: 

Cut a piece of plywood 1/2 inch (1.25 cm) or 3/4 
inch (1.875 cm) 10-1/2 x 15-1/2 inches (26.25 x 
38.75 cm). Cut 1/2 x 1/2 inch (1.25 x 1.25 cm) 
wood strips and screw and glue them to the plywood 
base so that six squares measuring 4-1/2 x 4-1/2 
inches (11.25 x 11.25 cm) are formed. This is the 
base. 

Cut a piece of 3/4 inch (1.875 cm) plywood to 
10-1/2 x 15 1/2 inches (26.25 x 38.75 cm). Place six 
marks on one side of this plywood. The six marks 
should align with the exact center of the six square 
compartments in the base piece. Using these six marks 
as the centers of six circles, use a compass to draw 
4-inch (10-cm) circles around each of these six points. 
(See fig, 21.) 

Mark two straight lines through both groups of three 

circles. Saw along these lines. You will have three 
pieces of plywood, each with one-half of three 4-inch 
(10-cm) circles drawn on the pieces. Using a band-
saw, cut out the 4-inch (10-cm) circle halves. Then 
drill a hole through the ends of the three pieces of 
plywood to accommodate a 1/4-inch (0.625-cm) 
threaded rod. This becomes the upper support. (See 
fig. 21.) 

Place a cavity in each base compartment and put 
at least two wood screws through the brass plate base 
and into the wood base. Place the upper support 
around the six cavities and tighten the nuts on the 
threaded rod. 

alignment 
We will align the cavities in two stages: stage one 

for rough tuning each of the six cavities, and stage 
two for fine tuning the cavities and connecting them 
all together. 

Note that the 3/8-inch (0,94-cm) x 16 threaded rod 
is for PASSBAND tuning. The capacitor, in the case 
of the transmitting cavities, adjusts the NOTCH. 
(In the case of the receiving cavities, the inductor ad-
justs the notch.) 

In these examples, 147.825 MHz will be used as 
the repeater transmit frequency and 147.225 MHz as 
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the repeater receive frequency. We will adjust the 
three transmit cavities to pass 146.825 MHz and notch 
the 147.225 MHz frequencies. The three receive cavi-
ties will be tuned to pass 147.225 MHz and notch 
147.825 MHz. 

stage one: rough tuning 
Remove the inductors and capacitors from all 

cavities. Remove all interconnecting coax cables. (See 
fig. 23.I Connect an RF signal generator (amplitude-
modulated for convenience) to one of the cavities (fig. 

26). If your signal generator output is 50 ohms, you 
will not need to use a 3-dB pad. If the output is not 
50 ohms or if it is suspect, then connect a 3-dB pad 
between the signal generator and the cavity. See fig. 
24 if you do not have a 3 dB pad. 

fig. 24. If you do not have access to a 3-dB pad. you can 
use this device which will be suitable for tuning the cavi-
ties. Use RG-58 coax and coil up a SO to 75 foot (15 to 
22.5 meters) length into a neat coil. Put connectors on 
each end. Tape the coil neatly. 

fig. 22. Overview of the wood cavity supporting device. 

? so 

IN9I4 

- w -

r 1 
fig. 25. Schematic diagram of a 50-ohm detector suitable 
for use in this tuneup application. These components 
should be put in an RF-tight box or enclosure. 

SICHAl 
GENERATOR J L 

j "O I 

OPTIONAL 

\ SO OHM o 
SCOPC ) DETECT OH 
o 
SCOPC 

fig. 26. These are the connections for the initial tuning 
of the six cavities. If you don't have a 3-dB pad. see 
fig. 24. 

fig. 23. Four cables connect the two middle cavities to the 
outside ones. Made of double shielded coax, they measure 
exactly 7 inches (17.5 cm) from tip to tip. 

OP1 lOHAi 

fig. 27. These are the connections to use when setting 
the notches in the three transmit cavities by adjusting 
the 15-pF capacitors, and the inductor when adjusting 
the three receive cavities. 
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Next connect a 50-ohm detector between the other 
cavity terminal and an oscilloscope. If you do not have 
a 50-ohm detector, you can construct one as shown 
in fig. 25. 

For the three transmit cavities (the ones which will 
have the capacitors connected later), adjust the signal 
generator to within ±100 kHz of 147.825 MHz (fig. 
26). Then adjust the center threaded rod (passband) 
until the scope shows maximum energy transfer. You 
will need to reduce the level of the signal generator 
as well as the scope gain as tuning progresses. 

Adjust all three cavities. From this point on, leave 
the threaded rods alone. Connect the variable capaci-
tors across the input and output connectors of all three 
transmit cavities. 

Connect the signal generator through a 3-dB pad 
to one of the transmit cavities — now roughly adjusted 
— then through another 3-dB pad to an FM transceiver 
which has an " S " meter as shown in fig. 27. (If you 
do not have a 3-dB pad, refer to fig. 24.) Adjust the 
signal generator (CW mode) to exactly 147.225 MHz 
and an S6 reading on the receiver, which is also tuned 
to 147.225 MHz. Adjust the capacitor (which you just 
connected in the cavity) for the lowest S-meter reading 
possible. You may have to increase the output of the 
signal generator to maintain a visible S-meter indica-
tion. When you have obtained the lowest S-meter 
reading — i.e., the deepest notch — go on to the next 
cavity. 

After all three transmit cavities have been adjusted, 

fig. 28. These connections are made for the final adjustment of the duplexer transmit cavities. 

50 OHM 
LOAD 

SIGNAL GENERATOR 
TUNEO TO 

147.825 MHt 

Ofl?.5cm) f \ 117.5cm/ f "Y" i ( S i . ) 

— x J D— 

"T" CONNECTOR 3 

G • O • 0-
' (IT. 5cm) (17.5cm) ^ — ^ (2 

1 3dB 
ft EC El VER 

TUNEO TO 

14 7.825 MHi J PAD 

ft EC El VER 

TUNEO TO 

14 7.825 MHi 

fig. 29. These connections are made for the final adjustments of the duplexer receive cavities. 
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go back to the beginning of this section and perform 
the same steps for the three receive cavities. Note that 
you will now be dealing with the inductors you made 
from the No. 16 tinned wire instead of the capacitors. 
Adjust the No. 16 wire inductors to deepen the notch. 
Remember that the frequency to be passed is now 
147.225 MHz and the notch frequency is 147.825 MHz. 

The inductor dimensions given should be all right, 
but if the notch is not good enough, try using larger 
or smaller wire, or even a copper strap if necessary. 

stage two: fine tuning 
Connect cavities according to fig. 28. Tweek 

the center-threaded rods on the transmit cavities 
only for minimum signal at the receiver (maximum 
notch). These adjustments interact somewhat. Keep 

- increasing the signal generator output as the S-meter 
reading decreases. Reconnect according to fig. 29. 
Tweek the center threaded rods on the RECEIVE cavi-
ties only for minimum signal (maximum notch). Repeat 
these steps several times. You may be amazed (as I 
was) to see the notch get deeper and deeper with each 

repetition of these steps. You will also notice that 
bringing objects into the near vicinity tends to detune 
the cavities slightly as you approach the - 100 dB 
point. 

Lock the threaded rods by tightening a 3/8 inch 
(0.94 cm) x 16 nut against the mini-box as you finish 
the last adjustment on each cavity. 
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I will try to answer readers' questions; please 
enclose an S A S E with any correspondence. 

obtaining 
Because some of the materials needed are 

rather unusual, they may not be available at your 
local hardware store. Others will have to be 
machined. 

The two most unusual items are the pieces of 
4-inch (10-cm) diameter copper drain pipe and 
the brass plate. The copper pipe can often be 
found at a large plumbing wholesale supply 
house, often buried under some other pipe. Try 
looking under "Brass" in the business section 
of any large city telephone book; you may find 
the names of outlets for brass plate listed there. 
If the ones you call don't stock it, ask for the 
names of other companies. I found my brass 
plate through just such a referral. I had to drive 
about 200 miles, but I got it from Howard Brass 
and Copper in Milwaukee. (Ask for "tag ends" 
— they're cheaper.) 

Finger stock can be constructed, but the 
commercial material is much better. I got mine 
(Stock No. 134B) from Tech-Etch Inc., 45 Aldrin 
Road, Plymouth, Massachusetts 02360. 

The best choice of solder for this project is 
silver solder with a low melting point — i.e., 400 
degrees (204 degrees centigrade). Ordinary silver 
solder, with its higher melting point, is more diffi-
cult to work with, and regular hard solder will 
cause problems if you should decide to silver-
plate your project later (see "Safe, Sensible 

the parts 
Silverplating," page 29). Silver plate will adhere 
to silver solder, but is likely to flake off of hard 
solder. My 1/16-inch (0.16-cm) diameter silver 
solder (manufactured by the J.W. Harris Co., 
Inc., 10930 Deerfield Road, Cincinnati, Ohio 
45242) came from a local rock shop. Do pur-
chase paste or liquid flux to use with your silver 
solder. 

The 3/8-inch (0.94-cm) x 16 threaded steel 
rod can be obtained at almost any large hard-
ware store. 

The teflon can be found in some hardware 
stores or plastic stores. I got mine from a friend 
in the paper business. When large piles of paper 
stock are cut, a guillotine type of cutter is used. 
The blade comes to rest against a square piece 
of telfon. From time to time the teflon is rotated 
to expose a new unused surface. After the four 
sides have been used, the strip is replaced with 
a new one. The used strip has plenty of stock 
left to make the feed-through bushings. 

The No. 16 tinned wire is a standard item 
available at hardware stores and ham swapfests. 
The small copper strap can be made from a piece 
of copper flashing. Get a scrap from a roofer 
or builder. All 12 " N " type chassis mounts and 
connectors were purchased at flea markets or 
swapfests. RG-192 coax can be found at dealers 
or hamfests, as can Tee connectors. 

ham radio 
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safe, sensible silverplatirig 
Stake your claim 
to recycled silver 

lost in photoprocessing 

Have you ever completed a ham radio project and 
wished to improve its appearance or performance with 
silverplating? When I finished the duplexer described 
in the previous article, I wanted to silverplate it. But 
my previous experiences with electroplating were not 
encouraging. I knew I'd have to work with silver 
cyanide, a highly poisonous solution that emits 
cyanide gas, which can cause illness and even death. 
I would also have to obtain an expensive silver rod to 
use as an anode. 

To devise a safe, economical alternative, I turned 
to black-and-white photography, which employs vast 
amounts of silver in the manufacture of film and print-
ing papers. Even though much of the silver freed in 
processing is more often discarded with the spent solu-

fig. 1. Basic connections for silverplating w i th 
photographic fixer. 

tions than recycled, it can be reclaimed. I reasoned 
that if it were possible to recover the silver from spent 
solutions, namely fixer, or "hypo" — then it should 
also be possible to capture that silver on a copper tube. 

getting started 
The first step in silverplating with reclaimed silver 

is obtaining an ample supply of exhausted fixer. 
Sources include photography labs or stores, graphic 
arts firms that make blueprints or photographic en-
largements and reductions, printers with graphic arts 
departments, and the photography departments of 
schools and colleges. Friends who process their own 
film and print their own black-and-white pictures are 
also good sources. 

The best fixer (for your purposes) is that which has 
been well used; used fixer carries a greater amount 
of silver than fixer used only slightly. Consequently, 
your best source of spent fixer may be the least fas-
tidious photographer. 

Once you've acquired your solution, obtain a sim-
ple dry cell. (I used a 7-year old 6-volt lantern battery.) 
You'll also need a 10k potentiometer, a 100 mA move-
ment meter, and a carbon rod. (My carbon rod, sal-
vaged from a discarded No. 6 dry cell, measured about 
0.75.inches — 20 mm — by about 5 inches — 
137.5 mm.) 

Wrap the carbon rod in an ordinary kitchen sponge. 
Secure the sponge with rubber bands. You are now 
ready to silverplate. 

silverplating your project 
1. Connect the battery, potentiometer, carbon rod, 
and eter as shown in fig. 1. 
2. Carefully clean the items to be plated. You will prob-
ably want to use fine steel wool and trisodium phos-
phate. Both of these materials are available in the paint 

By J.S. Gurske, K9EYY, RR2, Box 178A, Lodi, 
Wisconsin 53555 
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section of large hardware stores or in a paint store. 
Once the item is clean, do not touch it with your 

fingers. The oils on your skin can contaminate the sur-
face, ruining an otherwise effective cleaning job. 
3. Connect the minus clip to the item to be plated and 
the plus clip to the sponge-wrapped carbon rod. (See 
fig. 2.) 
4. Pour some fixer into a glass or plastic bowl. Do not 
use a metal container. 
5. Dip the sponge-wrapped carbon rod into the bowl 
of used fixer and rub the sponge-covered rod along 
the surface of the item to be plated as shown in f ig . 
3. At the same time adjust the pot for a reading of 
from 50 to 100 mA. (50 mA is a good choice.) As you 
rub the sponge-covered rod along the surface of the 
item to be plated, you will see the silver begin to col-
lect on the item you are plating. 

6. With a little practice, you'll soon be able to evaluate 
the uniformity and thickness of the silver plate. When 
you are satisfied, go on to the next piece to be plated. 

7. Should you want to plate a large, long tube, sim-
ply put the sponge on a long stick and slide it inside 
the tube. (This is simpler and safer than filling the tube 
with cyanide solution and then inserting a long silver 
anode into the tube |fig. 41). 

At this point I want to caution you about " f lash" 

plating, which can occur if you don't actively guard 
against it. "Flash" plating occurs when metals that are 

. 

' r 

fig. 3. Silver plating the tuning rod of a cavity. 

4 

I s e r POT fOK SOmA ME TEH 
HEAOING W H I L E RUBBING WET 

I SPONGE ON ITEM TO 
BE PLATED 

fig. 2. Silver plating with photographic fixer. Note basic 
connections and how the fixer-soaked, sponge-covered 
carbon rod is rubbed along the surface of the item to 
be plated. 

fig. 4. Silver plating the inside of the main tubing of a cavity. 
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s$tm, 
9 MHz CRYSTAL FILTERS 

Appli- Band-
MODEL cation width Poles Prlco 

XF-9A S S 3 2.4 kHz 5 S53.I5 
XF-9B S SB 2.4 KH2 8 72,05 
XF-9B-01 LSB 2.4 kHz 8 95.90 
XF-9B-02 USB 2.4 kHz 8 95.90 
XF-9B-10 S SB 2.4 kHz 10 125.65 
XF-9C AM 3.75 kHz 8 77.40 
XF-9D AM 5.0 kHz 8 77.40 
XF-9E FM 12.0 kHz 8 77.40 
XF-9M c w 500HZ 4 54.10 
XF-9NB CW 500 Hz 8 95,90 
XF-9P CW 250 Hz 8 131.20 
XF910 IF noise 15 kHz 2 17.15 

10.7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 8 $67.30 
XF107-B NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67.30 
XF107-D WBFM 36 kHz 8 67.30 
XF107-E Pix/Dala 40 kHz 8 67.30 
XM107-S04 FM 14 kHz 4 30. IS 

Export Inquiries Invited. Shipping S375 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your existing HF or 2M rig on olher VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1091 MHz 
1296 MHz GaAsFET 
432/435 
439-ATV 
220 MHz 
144 MHz 

MMMG91-I37 
MMM296 I44G 
MMc432-28(S) 
MMc439-Ch x 
MMr2 ?0 ? 8 
MMc 144-28 

S249 95 
149 35 
74.95 
84.95 
69.95 
54.95 

Options; tow NF<2.0dBmax.. 1.25 dB max.), other bands 5 IP's available 

LINEAR TRANSVERTERS 
1296 MHz 1,8 W output. 2M in 
432/435 lOWoulput. 10M in 
144 MHz 10 W output. 10M in 
Olher bands & IFs available. 

LINEAR POWER AMPLIFIERS 

MMII296 I-14 G 
MMI43K J8(S) 
MMI144-28 

$299 95 
259 95 
169 95 

1296 MHz 20 W oulpul UP 1296-20-1 439 95 
432/435 100 W oulpul MML432-100 369 95 

50 W oulpul MML432-50 199 95 
30 W output MML432-30-LS 209 95 

14-1 MHz 200 W oulpul MML1-14-200-S 374 95 
100 W oulpul MMLI44 100 LS 239.95 
50 W oulpul MML144-50-S 149 95 
30 W oulpul MMI.I44-30-LS 109 95 

All models include VOX T/Pt switching. 
" L " models 1 of'3W drive, otheis low drive 
Shipping: FOB Concord. Mass. __ . 

ANTENNAS 
420-450 M H z M U L T I B E A M S 
28 Element 70/MBM28 12 dBd 
48 Elemenl 70/MBM48 15 7 dBd 
88 Element 70fMBM88 18 5 dBd 
144-148 M H z J - S L O T S 
OoveiOltor pol 12 3 dBd 
B Dy 8 Von pot D8/2M-veit 12 3 dBd 
10 • 10 Twist I0XY/ZM 11 3 dBd 

U H F L O O P Y A G I S 
1250-1350 MHz 29 loops 1296-LY 20 dBl 
1650 I750 MHz 29 loops 169 l-L Y 20 dBl 
Older Loop-Yagi conneclor extra 

^nq -li;c il' .r..ri.[ , . i i c5 . i t ! ' ; nl .i 
H't-n! dm! KVi.1 Cf;. '::[!.. ' itfllli".."'! 

"5TO-95- S3995 
-JSJ i i 59.95 

89 95 

£63 -10 
79 95 
89 95 

47 95 
57 95 

Type N $14.95. SMA S5 95 

(617)263-2145 
SPECTRUM 

INTERNATIONAL, INC. 
Post Office Box 1084 

Concord, MA 01742, U.S.A. 

SPOAIOE- COVERED 
CARBON ROD 
RESTING IN THE 
FIXER 

BOW L OF FIXER 

tig. 5. Rejuvenating t he depleted fixer: s e t t he p o t e n -

tiometer for a meter reading of approximately 75 m A and 
wait for about 15 minutes. 

high on the activity scale (silver and copper, or silver 
and brass, for example) come in contact with each 
olher in the absence of a flow of current. " F la sh " 
plating looks good but is not permanent. You can pre-
vent it by making sure that the battery is connected 
every time the item to be plated comes in contact with 
the fixer-soaked sponge. This is the purpose of con-
necting the battery (as shown in step 3 above) before 
you poured the fixer into the bowl. 

If your fixer begins to weaken before you've com-
pleted the job, but you don't have any mpre fixer on 
hand, try this method of rejuvenating the solution. 
Find an unwanted silver item such as an old vase or 
piece of discarded flatware. (I used an old silver coin 
which had been in a fire and was all bent out of shape.) 
Connect the unwanted silver item to be plated and re-
verse the battery connections. (The meter will read 
backward unless you reverse its lead. See fig. 5.) Place 
both the silver item and the carbon rod in the fixer solu-
tion. Then adjust the potentiometer for a 75 mA read-
ing on the meter. The silver will turn black. After about 
10 or 15 minutes, you can resume silverplating for a 
while longer but don't forget to reverse the battery and 
mA meter leads. I don't know how long or how many 
times you can go through this rejuvenation cycle. I did 
it about six times and it seemed to work fine. 

I 'm sure you'll obtain good results if you follow these 
suggestions. My cavities looked 100 percent better 
after they were plated and I know they work better, 
too. So, go ahead and silverplate your next ham radio 
project. 

ham radio 

32 ffl February 1985 



table 1. Programming data chart. 

weekender 
programmable 
call sign identifier 
This programmable identifier — originally con-
ceived by Don Henry, W3FE — can be used in a 
number of applications including home station or 
repeater ID and remote link identification. When Don 
suggested that a 64-bit shift register could be used 
to store a call sign, I proceeded to develop a circuit 
that would accomplish this task, be easy to program, 
and contain few IC's. 

construction 
The circuit contains four CMOS IC chips (fig. 1). 

CMOS technology is well suited to this application be-
cause of its extremely low quiescent current require-
ments, thus making an on/off switch unnecessary. 
Because the circuit is powered all the time, backup 
power for the programmed data is unnecessary. 

Circuit layout is not critical; whatever is convenient 
should work. I used a 4-1/2 inch (11.5 cm) by 4-1/2 
inch (11.5 cm) piece of Vector Board with 0.1 inch 
(2.5 mm) hole spacing for holding the components. 
The resistors and capacitors associated with U4 (4093! 
should be kept as physically close to the IC as possi-
ble. I recommend sockets for holding the ICs. Wire 
wrappng works well; point-to-point wiring could also 
be used to make the connections. The power supply 
requirements are simple; a single 9 volt alkaline 
Duracell (or equivalent) battery will do. 

programming 
The programmable identifier has two modes of 

operation controlled by the DPDT switch. One mode 
is Recirculate or playback and the other is Program. 
The programming sequence is as follows: 

• Set the DPDT mode switch to the Program position. 
• Push the reset switch. 

By Donald G. Varner, WB3CEH, 214 
Bryant Street, Varidergrift, Pennsylvania 
15690 

number 
character bit pattern of bits 

A 10 111 5 
B 1110 10 10 1 9 
C 1110 10 1110 1 11 
D 1110 10 1 7 
E 1 1 
F 10 10 1110 1 9 
G 1110 1110 1 9 
H 10 10 10 1 7 
I 1 0 1 3 
J 1 0 1 1 1 0 1 1 1 0 1 1 1 13 
K 1110 10 111 9 
L 10 1110 10 1 9 
M 1110 111 7 
N 1110 1 5 
O 1110 1110 111 11 
P 10 1110 1110 1 11 
Q 1 1 1 0 1 1 1 0 1 0 1 1 1 13 
R 10 1110 1 7 
S 10 10 1 5 
T 1 1 1 3 
U 10 10 111 7 
V 10 10 10 111 9 
W 10 1110 111 9 
X 1110 10 10 111 11 
Y 1 1 1 0 1 0 1 1 1 0 1 1 1 13 
Z 1110 1110 10 1 11 
0 1 1 1 0 1 1 1 0 1 1 1 0 1 110 111 19 
1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 111 17 
2 1 0 1 0 1 1 1 0 1 1 1 0 1 1 1 15 
3 1 0 1 0 1 0 1 1 1 0 1 1 1 13 
4 10 10 10 10 111 11 
5 10 10 10 10 1 9 
6 1110 10 10 10 1 11 
7 1 1 1 0 1 1 1 0 1 0 1 0 1 13 
8 1 1 1 0 1 1 1 0 1 1 1 0 1 0 1 15 
9 1 1 1 0 1 1 1 0 1 1 1 0 1 110 1 17 

Note: The first bit is always a 0. Insert 0 0 0 (3 bits) be-
tween characters. 

BIT BIT 

1 64 

i 

0 

• Set the programming data select switch to the "0 " 
position. 
• Push the programming clock switch once — Bit 1 
is not programmed (note: Bit 1 must always be a "0".) 
• Set the programming data select switch to the ap-
propriate "0 " or "1 " position. 
• Push the programming clock switch once. 
• Repeat previous two steps until all 64 bit positions 
are programmed. 

After the 64th bit is programmed, set the mode 
switch to the Recirculate (or playback) position. Push 
the start ID switch and the programmed data will be 
played back. 

More Details? CHECK-OFF Page 128 February 1985 G9 33 



fig. 1. Programmable identifier uses only four ICs. 

To program your call, follow the Programming Data 
Charts (table 1) to get the correct data bit sequence 
for each letter and number. Be sure to program 0 0 0 
(3 bits) between each character to allow spacing be-
tween them.. Keep count of the number of bits pro-
grammed. If your call does not require all 64 bits, in-
sert zeros for the remaining bits up to and including 
the 64th bit. 

If you want to use the programmable IDer with other 
equipment, a few points need to be mentioned. To 
start the IDer a positive-going pulse J L on U1 pin 
13 of the 4001 will accomplish this. The Morse output 
can be taken from the O output of U3 pin 10, the 
MC1 4557. The 1 megohm trimpot is used to adjust 
the recirculate (playback) speed. 

h a m rad io 

1985 WORLD RADIO TV HANDBOOK 
39th Edition 

Brand New. Just released! Get your eopy today. 
Available mid February 1985 
This book has been called the SWL's bible and tor good reason. It 's chockfull of 
all the latest call signs, schedules, frequencies and other important information for 
broadcasters around the world. You also get equipment reviews and other special 
feati res that make the WRTV Handbook an invaluable reference guide. 
>f) 1985 39th edition 608 pages 
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VHF/UHF WORLD 
high power 
amplifiers: part 2 
In last month's column, I discussed 
the design of high power VHF/UHF 
tube amplifiers with emphasis on the 
effects of the new FCC Amateur 
power regulations.1 This month's col-
umn will continue in the same vein, but 
focus instead on the construction and 
practical application of VHF/UHF am-
plifier designs. 

DC circuitry 
In designing and building high 

power VHF/UHF power amplifiers, 
most Amateurs concentrate their ef-
forts only on the RF portion of the 
design. This is unfortunate because 
power supply voltages and currents — 
as well as DC circuitry — are often just 
as important for successful amplifier 
RF performance. 

Sometimes Amateurs will pay hun-
dreds of dollars for a high power 
transmitting tube and then neglect to 
review the manufacturer's specifica-
tion sheet before firing up the new 
bottle in the amplifier. Instead, they'll 
ask "Joe Blow" what voltages he 
uses on the same tube and follow 
his advice. Ironically, these Amateurs 
wouldn't purchase used gear if the in-
struction manual weren't part of the 
deal. 

Suppliers of high power tubes — 
such as Amperex, Varian/EIMAC, 
General Electric, and RCA — all pro-
vide comprehensive data sheets with 
their products. Usually 4 to 12 pages 
long, these data sheets list mechanical 
dimensions and RF/DC characteris-
tics. They also specify recommended 
bias and operating parameters so that 
the user can obtain the maximum per-
formance and lifetime possible from 
the tube. Some manufacturers also 
offer, at a nominal price, abbreviated 

HI 

115 VAC 5 | t n (5) * \ j j / ~ 

o ' '— 

fig. 1. Recommended filament voltage 
circuit for high power transmitters. The 
voltage at the tube pins is set by placing 
an adjustable wirewound resistor, R1, 
in series wi th the primary winding. If 
the dropping resistor is not used, the 
transformer, T1, must have a current 
limit close to that required by the tube. 
Note that the voltmeter, M . is con-
nected directly to the tube socket pins. 
See text for other precautions and 
recommendations. 

specification books listing many dif-
ferent tube types.2 3 The ARRL Hand-
book also includes tube tables." 

Some of the more significant low-
frequency or DC parameters for high 
power tubes are the maximum, mini-
mum and recommended operating 
voltages and currents, warm-up time, 
and grid (and screen grid if a tetrode 
is used) supply impedance and plate 
dissipation. 

filaments 
Filament voltage in the newer tubes 

is, unlike the old receiving type tubes, 
far from standard. Because of the high 
power involved, the filament current 
required is often quite high. As a 
result, tubes may have a significantly 
shorter lifetime if the filament voltage 
is not kept within the manufacturer's 
recommended ± 5 percent values. 

Let's take a few examples. The 
popular 4CX250B has a filament rating 
of 6.0 ± 0.3 ( + 5 percent) volts at 2.6 
amperes. Filament voltage must be 
measured at the tube socket pins with 
an accurate (within 1 to 2 percent) AC 

voltmeter with the tube inserted and 
drawing filament current! 6.3 volts AC 
is a common transformer (voltage) 
used on receiving tubes. Such trans-
formers are often used on transmitting 
tubes (for example the 4CX250B), but 
they usually have some means of 
lowering the voltage. This is most 
commonly done with an adjustable 
wire-wound resistor placed in series 
with the primary of the filament 
transformer. 

Now, let's examine the higher 
power 8877, which requires a filament 
voltage of 5.0 ±0.25 volts ( ± 5 per-
cent) at nominally 10 amperes. Since 
5.0 volt transformers are quite com-
mon, they are usually used but rarely 
with any series resistor in the primary 
since it looks like one isn't needed! 

When a high power tube is first 
turned on, the filament resistance is 
always quite low. Initially, a high input 
current surge occurs; this can signifi-
cantly shorten tube life. In the case of 
the 4CX250B, the resistor (which is 
typically used in the transformer 
primary) will serve to limit the turn-on 
current surge. However, in the case of 
the 8877, if no such primary resistor is 
used, the surge current will increase in 
a manner limited only by the resistance 
of the transformer secondary winding. 
Furthermore, no adjustments (in 
primary resistance) would be possible 
if the line voltage were already lower 
than nominal. 

Therefore, when selecting a filament 
transformer it's best to use one that is 
slightly higher in voltage than required 
so that an adjustable power resistor 
can be placed in series with the pri-
mary winding (fig. 1). Another alter-
native is to place a Variac™ on the 
primary side of the filament trans-
former and then increase the voltage 
slowly on each initial turn-on while 
monitoring the voltage directly at the 
tube socket. Many commercial trans-
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fig. 2. Recommended control grid supply for high-power amplifiers. T1 is chosen to 
supply the required voltage. CR1 may be a full wave or bridge rectifier. R1, CI, and 
C2 are filter components. CR2 is a zener diode or VR tube whose current is set by R2. 
R3 is a 1000-ohm wirewound potentiometer. R4 can be eliminated if the regulated 
voltage is low (less than 50 volts) or 500-1000 ohms if the voltage is greater than 50 
volts. See text for further description. 

mitters have a built-in filament voltage 
regulators to compensate for power 
line variations. 

If you do not use a primary limiting 
resistor, be certain to always use a 
filament transformer with a current 
capability close to but not much higher 
than the filament current rating of the 
transmitting tube, selected to enhance 
current limiting. This may explain why 
some Amateurs when using filament 
transformers with higher current 
ratings than required, have experi-
enced premature filament burnout of 
high-power transmitting tubes. 

Each tube has a minimum warm-up 
time before any cathode current 
should be drawn. This can vary from 
as short as 30 seconds to as much as 
five minutes for the indirectly heated 
high-power transmitting tubes! Some 
manufacturers specify a lower stand-
by filament voltage (for example, - 10 
percent) that can be instantJy brought 
up to specification during transmit 
times, thereby extending tube life. This 
can be easily accomplished with an in-
expensive relay activated by the station 
send/receive control line. More infor-
mation on such operation can be 
found on the manufacturer's compre-
hensive data sheets, so consult them 
before you begin operation. Use of a 
time delay relay is also recommended 
in the high voltage supply. 

Another VHF/UHF phenomenon, 
especially in grounded grid amplifiers 
or those where the cathode is hot, is 

RF on the filament of the tube. This 
can cause RF current to flow between 
the cathode and the filament, resulting 
in increased input drive requirements, 
additional filament heating, and possi-
bly reduced tube life. To prevent this, 
the filaments should be bypassed to 
the cathode and connected to the fila-
ment transformer through a bifilar 
choke. 

At VHF and especially UHF, a prob-
lem called transit time heating often 
occurs because of the finite time re-
quired for the electrons to move from 
the cathode through the grid to the 
plate, where some electrons may be 
repelled. This problem can usually be 
controlled by decreasing filament 
voltage at higher operating frequen-
cies. Recommended filament voltages 
at various frequencies are provided on 
the manufacturer's data sheets. Addi-
tional information on this subject is 
contained in reference 5. 

grid bias 
In the past, triodes were usually 

biased by grounding the cathode and 
applying a negative bias voltage to the 
grid. The new high-^ triodes are usual-
ly easier to bias. Often the grid is 
directly grounded and a large high-
power zener diode, rated at the re-
quired bias voltage, is placed in series 
with the cathode circuit. However, 
many VHF/UHFers use only simple 
grid supplies often consisting of just 
a rectifier diode and filter capacitor on 

a reverse connected filament trans-
former. The problem with this ap-
proach is that if there is any grid cur-
rent, the grid voltage will fluctuate 
directly as a function of the impedance 
of the bias supply. 

Good design practice requires the 
grid supply to be regulated. In addi-
tion, the voltage should be adjustable 
and have a maximum DC output im-
pedance between 1 and 2 kilohms! 
This can be done with either a shunt 
type transistor (or tube) regulator or 
a wirewound potentiometer directly 
across the output of a regulated grid 
supply, as shown in fig. 2. The main 
advantages of a low impedance grid 
bias supply are decreased grid drive 
and improved IMD. 

screen supply 
The majority of tetrode amplifier 

configurations require a screen voltage 
supply. Over the years I've seen 
dozens of complex schemes with sep-
arate regulated supplies, current pro-
tection relays, and surge voltage pro-
tectors. Most of these techniques are 
unnecessary. Screen grid burnout can 
occur if the screen voltage is not de-
creased rapidly when plate voltage 
is removed. Furthermore, negative 
screen current can occur in a properly 
operated tetrode amplifier. I believe 
that the most foolproof screen supply 
voltage circuit is a shunt regulator con-
sisting of a dropping resistor and ap-
propriate voltage regulators shunted to 
ground and supplied from the tube's 
plate supply voltage. Furthermore, I 
highly recommend the use of VR 
(voltage regulator) tubes rather than 
power zeners. VR tubes are low in cost 
(especially at flea markets), easy to 
use, offer long life and don't require 
heatsinking and insulated washers 
such as required by power zeners. VR 
tubes are less likely to be damaged by 
current surges from arcs caused by 
"barnacling" (more on this shortly). 

The reverse screen grid current 
problem on tetrodes is often ignored 
by Amateurs. It is specifically noted on 
the manufacturer's data sheets and 
can be easily handled by placing a pro-
perly selected resistor from the screen 
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grid to ground. In most cases 20-25 
kilohms (per tube) is optimum. Don't 
forget to include this current when 
selecting the dropping resistor value 
in the regulator circuit just recom-
mended. The final recommended cir-
cuit is shown in f ig. 3. The circuit is 
simple and should be all that is re-
quired to properly supply voltage to 
the screen grid in a high power ampli-
fier. In addition, if the series dropping 
resistor value is properly selected, the 
tube's screen dissipation can be limited 
to the specified value. 

plate supply voltage 
Finally, we must supply the tube 

plate(s) from a high voltage supply. 
(This is always the user's choice.) First 
a transformer must be selected. When 
running over 500 watts, I highly recom-
mend use of 230 volt primaries since 
there will be improved regulation with-
out blinking the house lights off and 
on! 

The choice of the rectifier circuitry, 
either a full wave, full wave bridge, or 
full wave voltage doubler (all these are 
acceptable), is a personal choice based 
on the transformer chosen and its 
voltage ratings. A common practice is 
to use a set of high voltage solid-state 
rectifiers, often feeding just a bank of 
high voltage capacitors. One should 
carefully choose the amount of capaci-
tance required before completing the 
design or use the alternative choke in-
put filter.6 

Regardless of the configuration cho-
sen, there are several other considera-
tions. The primary of the high-volt-
age transformer should be adequately 
fused. An adequate bleeder should be 
placed across the high voltage output 
to not only discharge the supply when 
turned off but to also improve regula-
tion. This is especially important with 
a choke input filter. Recently there has 
been a tendency to place a high 
power, high value resistor in the cath-
ode of transmitting tubes when in the 
standby mode. / do not recommend 
this practice but instead prefer to en-
tirely disconnect the high voltage from 
the final when not in the transmit 
mode. This not only prevents inadver-
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fig. 3. Recommended screen grid supply. 
The quantity and voltage of the VR 
tubes, VI etc. is determined by the 
tube specifications. R1 should be a high 
power (200 watts typical) wirewound 
resistor whose value is selected to pro-
vide adequate current to the VR tubes 
(30 m A typical) as well as R2. R2 should 
be typically 20-25.000 ohms per tube 
(see text). CR1 and CR2 are meter pro-
tection diodes. 

tent shocks but also eliminates any 
noise or self oscillations that may be 
possibly generated by the final or feed-
through from the earlier stages. This 
is easily accomplished by using a 
vacuum relay in the high voltage out-
put lines as shown in f ig. 4. These 
relays are often available at flea mar-
kets or surplus stores at reasonable 
cost. 

Sometimes there is an advantage to 
connecting the screen grid directly to 
ground to stabilize high power UHF 
amplifiers. This technique requires a 
slightly different power supply topol-
ogy as shown in f ig. 5. If this con-
figuration is chosen, the screen supply 
must also be able to handle the full 
current required by the plate. How-
ever, the total voltage required from 
the plate high: voltage supply is re-
duced since it is in series with the 
screen supply. 

S o m e t i m e s a smal l i m p u r i t y 

becomes lodged between the grid or 
screen grid and plate of a high-power 
tube, causing a short circuit. This 
phenomenon is called "barnacling." A 

limiting resistor should be placed in the 
high-voltage line so that the peak cur-
rent does not exceed 50 to 100 
amperes and destroy the tube. This is 
accomplished by placing a 25 to 50-
ohm resistor in the plate voltage line. 
The power rating of the resistor is 
determined by the plate current of the 
tube in use. If a barnacling condition 
occurs, this series resistor will limit the 
plate current and possibly disintegrate, 
but the tube will survive and will usual-
ly return to normal operation after the 
initial surge. Remember, if a shunt 
regulator is used on the screen, put 
this limiting resistor on the supply side 
as shown in f ig. 4. In this way, if the 
resistor blows open, the screen voltage 
will also be removed. 

A high-voltage in-line fuse should 
also be used. Low-voltage glass or 
ceramic fuses are not recommended 
because they are slow acting, can ex-
plode, and can arc, possibly causing 
damage to meters! A short length of 
a small gauge wire (No. 40 preferred) 
can be used as a fast acting, low cost 
high voltage fuse.7 

amplifier bypassing 
It is sound engineering practice to 

use an extra pair of coaxial relays so 
that high power amplifiers may be 
bypassed when not in operation or 
when the final is warming up (fig. 6). 
The input relay can be a low power 
type but the output relay must be 
capable of handling the full output 
p o w e r o f the transmitter. 

Amplifier bypass relays should never 
be (hot) switched when RF power is 
present since this will severely limit 
relay contact lifetime not to mention 
generation of spurious pulse noise. 
Isolation of each bypass relay doesn't 
have to be as high as with a typical 
T /R relay, with 30 dB per relay more 
than adequate. Furthermore, parti-
cularly in grounded grid amplifiers, RF 
should never be applied to the ampli-
fier input unless the proper voltages 
are already applied. 

plate dissipation 

This parameter is often overlooked. 
The plate dissipation is approximately 

FROM HIGH 

VOLTAGE SUPPLY 

I FIG II 
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f ig. 4. R e c o m m e n d e d high vo l tage supply for a high p o w e r ampli f ier . F1 and F2 are 
line fuses. F3 is a f ine w i re described in text . C1, CR1. L1, R1, and T1 are descr ibed 
in text . CR2 and CR3 are meter protect ion diodes. R2 is described in the tex t (25-50 
o h m s typical) . R3 is a meter protect ion resistor (50 o h m s 10 w a t t s typical) . RL1 is a 
v a c u u m relay described in tex t . 

f ig. 5. P o w e r supply conf igurat ion used w i t h D C grounded screen grids. Power sup-
plies are represented as batter ies. M l is grid current , M 2 is screen current , and IW3 
is plate current . T h e meters are protected by back- to -back diodes. 

the plate power input less the power 
output of the amplifier (other circuit 
losses being low). For example, if the 
plate input power is 2500 watts and the 
amplifier output is 1500 watts, the 
plate dissipation is approximately 1000 
watts. The plate dissipation ratings of 
many of the more common tubes is 

shown in table 1 of reference 1. (The 
subject is further discussed in the 
"cooling" section of this article.) 

cooling considerations 
Amateurs are notorious for abusing 

high power transmitting tubes. One of 
the most misunderstood transmitting 

tube parameters is the plate dissipation 
rating. The manufacturer's specifica-
tion applies only if there is adequate 
cooling, by either air or water, to the 
tube. 

Herein lies a problem. Each air-
cooled tube has a different cooling 
specification, clearly spelled out on the 
manufacturer's data sheet, based on 
the amount of air circulation (in cubic 
feet per minute) through the plate fins 
or around internal anode tubes as well 
as a specified back pressure (usually 
measured in inches of water). There-
fore an exchange of tubes based pri-
marily on a higher plate dissipation 
rating, may often require a greater air 
flow rate — for example, as in the case 
of swapping the 4CX250B and 8930 in 
the K2RIW 70-cm amplifier.8 

External anode tubes are best cooled 
using air system sockets so that air is 
circulated over the grid and cathode 
seals as well as through the plate fins. 
Since these tubes generally have a 
high resistance to air flow, especially 
when compared to internal anode 
tubes, chimneys are a must to force 
the air through, rather than around, 
the plate fins. A large blower, prefer-
ably one operating at 3600 RPM, is 
usually required to keep plate dissipa-
tion within the tube ratings and over-
come the high back pressure devel-
oped by the tube. (Don't forget to oc-
casionally remove external anode 
tubes from service and clean out any 
accumulated dirt or dust that becomes 
lodged in the heat sink fins.) 

Gary Madison, WA2NKL, has devel-
oped an approximate formula to com-
pare the back pressure of different 
blowers as shown in eq. 1: 

PB = 8 x 10 9 4 V2w (i) 

where PB is the blocked-off back 
pressure in inches of water 

dw is the wheel diameter in 
inches 

Vw is the speed of the blower 
in revolutions per minute 

For example, a 2-inch wheel diameter 
3600 RPM blower will have a back 
pressure of approximately 0.415 inches 
of water while an 1800 RPM blower of 
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the same size would develop only 
0.104 inches in water. This formula 
dramatically illustrates how a small in-
crease in wheel diameter or speed will 
increase the back pressure. 

A recent trend is to use water cool-
ing on the plates of transmitting tubes, 
especially at UHF. For over 10 years I 
have been using such a technique on 
a 4CW800B type water-cooled tetrode. 
My 2-gallon water supply is housed in 
a small waste paper container; the 
pumping pressure is provided by a fish 
tank pump. Although distilled water is 
preferred, I find that water collected 
from a de-humidifier is adequate. Each 
summer I store the required 10-12 
gallons needed for a year of operation. 
Replacement water-cooled plate radia-
tors are now commercially available for 
the 2C39/7289 family of tubes. 

This technique is very good, but not 
without its limitations. Often the tube's 
grid and cathode seals are overloaded. 
They also require cooling. In grounded 
grid configurations the grid, if attached 
directly to the chassis, may be suffi-
ciently cooled by conduction, but the 
cathode is usually overlooked. There-
fore, if the plate is water cooled, a 
reasonable amount of air should also 
be circulated through the cathode/grid 
compartment. 

Often when the proper amount of air 
is used, there may be an objectionable 
blower noise in the shack. Some Ama-
teurs have attempted to lower the 
noise by locating the blower elsewhere 
and directing the air through a hose. 
This method requires special attention, 
since the hose chosen will have resis-
tance, which will decrease air flow. 
Therefore, if a blower is remotely 
located, its output may have to be 
raised accordingly. 

There are two main problems of in-
sufficient air flow. The first one is ob-
vious: tube life is shortened. The other 
may also be obvious but is seldom 
mentioned: if plate dissipation is too 
high, the extra heat is often dissipated 
in the tank circuit, especially when 
metal tubing type plate lines are used. 
The net result is that the tank circuit 
tuning drifts especially during long 
transmissions such as on EME. 

AMPLIFIER 

> 
fig. 6. Relay bypassing scheme for pro-
tecting a high-power amplifier during 
warmup. See text for relay description. 

Always try to provide a good safety 
margin (2:1 is recommended) of cool-
ing, whether with air or water. Also 
verify that there is sufficient pressure 
differential across the tube, especially 
for external anode tubes. Also, in the 
case of air or water supply failure, pro-
vide a blower or water flow cutoff 
switch in the power supply (more on 
this later). A convenient method of 
measuring flow and back pressure is 
described in reference 9. 

construction techniques 
Many good construction tips are 

buried in the various articles on high 
power finals and some of these ref-
erences will be cited later in this arti-
cle. Do read as many of the references 
as possible. 

One of the most important design 
considerations centers on the circuit 
chosen.1 The next consideration is the 
choice of tube type. Choosing a larger 
tube than required may be wise be-
cause the actual plate dissipation will 
be a smaller percentage of the tubes 
ratings. However, all is for naught if 
the mechanical integrity of the ampli-
fier is not given proper attention. All 
components and mechanical parts 
should be sturdy and properly secured 
to the chassis because any changes in 
temperature or duty cycle will cause 
detuning affects. Also, the compo-
nents used in a high performance 
transmitting amplifier should be first 
quality. If not, there may be unneces-
sary down-time, as well as the possi-
bility of destruction to the other com-

ponents in the amplifier such as the 
tube! It is not a good practice to 
economize here. 

In a high performance, high power 
amplifier, it is essential that all RF 
components be placed within shielded 
boxes (more on this later). It is also 
wise to locate all other components 
outside the RF enclosures. This is par-
ticularly true of the plate compartment. 
The only items that should be present 
in the output circuitry are the tube, 
tank circuit components, RF choke 
and the high voltage bypass capaci-
tor. Likewise, the input compartment 
should not contain components such 
as meters or filament transformers. 

The method employed to physically 
tune the plate circuit is very important 
for stable, trouble-free operation. No 
matter what you do there will always 
be some heat dissipated in the tank cir-
cuit. Therefore, it is wise to locate the 
tuning capacitor where thermal de-
tuning effects are minimal. 

A typical example of how to and 
how not to tune a final is shown in fig. 
7. Note that in fig. 7A, any expansion 
or contraction of the tank due to 
heating or cooling causes the capaci-
tance to increase or decrease and 
therefore detunes the tank circuit. 
However, if the tuning method of fig. 
7B is used, the tank circuit will only 
move back and forth past the tuning 
capacitor and cause a much smaller 
change in amplifier tuning. 

The tuning capacitors must be care-
fully designed. A disc soldered on the 
end of a brass screw is a very lossy 
tuning method which may cause er-
ratic tuning. I prefer a push mechanism 
in which there are no moving metal-
to-metal contacts. For instance, a 
beryllium copper flapper can make an 
excellent tuning capacitor by pushing 
against it with a non-metallic object 
such as a threaded teflon rod. W2GN 
has suggested the use of a metallic rod 
if an insulator such as a teflon button 
is placed at the contact point to the 
capacitor (see fig. 8). 

Another item to note is that when 
a transmitting tube has a plate contact 
ring, the tank circuit should preferably 
be attached to it rather than to the out-
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side of the plate cooling fins. The 
circulating RF currents in a typical 
Amateur high power transmitting am-
plifier can easily reach 10 to 50 
amperes! 

Finally, there is often a need to pro-
vide air inputs and exits. These can 
best be made using a waveguide be-
yond cutoff configuration. It is well 
known that if the diameter of a hole 
is small with respect to the frequency 
(much less than 1/4 wavelength) and 
the hole has depth (such as tubing), 
RF will be attenuated approximately 
30-33 dB per unit length. For example, 
if a 1 inch (2.54 cm) diameter tube is 
1 inch long, it will attenuate VHF sig-
nals approximately 30 to 33 dB. If the 
same tube is extended to 3 inches 
(7.62 cm), the attenuation will be ap-
proximately 90 to 99 dB, usually more 
than sufficient. This attenuation prin-
ciple is applied to the air inlet by using 
either a long large diameter tube, or 
several smaller diameter shorter tubes 
placed in a circle for air inlets and exits. 
Recently a honeycomb type of material 
has become available and it is easier 
to use than bundling up tubing, a 
technique now in wide use. 

tube selection 
So far I have covered many of the 

different aspects of high power RF 
amplifier design but haven't said too 
much about the actual tube selection. 
Table 1 in reference 1 shows some of 
the more popular tube types. Now that 
the FCC power regulations have been 
changed to apply to output power 
there are really many choices. 

However, high power transmitting 
tubes should never be operated above 
their maximum frequency of operation 
unless the voltages and currents are 
reduced accordingly. Furthermore, the 
efficiency usually drops past the rated 
frequency and hence there may be 
severe over-dissipation not only in the 
plate but also in the control grid 
elements. Unfortunately, at VHF and 
UHF frequencies, control grid dissipa-
tion may increase but will not neces-
sarily show up on the grid current 
meter as it does at HF. Failure to 
observe the tube's ratings can severe-
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fig. 7. Two methods to tune a plate tank 
are shown. The method in fig. 7A is not 
recommended for reasons described in 
the text. 

TEFLON BUTTON 
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fig. 8. A recommended tuning method 
for a flapper type of plate tuning 
capacitor without metal-to-metal con-
tact {see text). 

ly decrease efficiency and the life of 
the tube! 

As I mentioned before, the use of 
parallel tubes should be a last resort. 
Using tubes above their rated fre-
quency is also not recommended. If 
you require only moderate output 
power (500 watts or less), there are 
lots of single-tube amplifier choices 
such as the 4CX250B, 4CX300A, 8930, 
8874, or the new 3CX800A7. 

There is an alternative to the parallel 
tube approach. If additional power is 
required, identical amplifiers can be 
summed using hybrid power splitters 
and combiners. However, this tech-
nique is tricky and is recommended 
only for the more experienced VHF/ 
UHFers. 

The 4CX350A is not recommended 
above 135 cm (220 MHz) since it is pri-
marily an HF tube and will exhibit low 
efficiency at 70 cm. Furthermore, its 
operating voltages must be lowered 

above 30 MHz. If you look carefully at 
the specification sheet you will see that 
the plate radiator is similar to the 
4CX250B but the required air and back 
pressure have been increased to obtain 
the 350 watts of dissipation, a tech-
nique I mentioned earlier in this article. 

For the full legal power limit, the 
new high-fi triodes such as the 8877 
and 8938 are great but costly. Despite 
rumors to the contrary, the 8938 is not 
the 8877 with a different base! The 
8938 cathode lead inductance has 
been lowered and the transit time 
loading has been improved, extending 
full power efficient operation up to 
approximately 500 MHz. The 8877 
should not be used at full ratings above 
the 135 centimeter band. 

The 4CX1000 series of tubes is often 
available on the surplus market at 
affordable prices. However, if stable 
operation on 2 meters or above is 
planned, the 4CX1000K is recom-
mended since it has improved input-
to-output isolation. The 7213/7214 and 
7650/7651 tubes, also often found on 
the surplus market, will work well 
through about 1000 MHz, but, despite 
the data sheet, are not recommended 
for the 23-cm band since gain and ef-
ficiency will be so poor (33 percent if 
you are lucky!) that the useful output 
power will be low at maximum ratings. 
High power on 23 cm and up is still a 
problem, and no moderately priced 
single tube that can generate over 500 
watts of output power is yet available 
to the A m a t e u r serv ice. 

component selection 
The type of RF coupling capacitors 

chosen is very important. The so-
called TV doorknob types are not 
recommended because they cannot 
handle the typical RF current in a 
high-power VHF/UHF amplifier. The 
Centralab 850 or 857 series or the ITT 
50 or 58 series transmitting doorknob 
type of capacitor (or equivalent) is 
strongly recommended even though 
they cost more (available from Radio 
Kit, Box 411H, Greenville, New 
Hampshire 03048). 

HV feedthrough capacitors are also 
required. The Murata/Erie model 
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Electronics Supply 
1508 McKinney 

Houston, fexas 77010 
Call for Quotes 

713-658-0268 
EQUIPMENT 
KENWOOD R-11 SPECIAL 69.96 
KENWOOD - We have al ! the KENWOOD l ine in stock, 
i n c l ud i ng t he NEW RIGS: TS711A 2 mtr. a l l m o d s . 
TR-2600A HT. TH-21AT mini HT, TH-41AT 70 c m mini HT. 
TS-811A 7 0 c m a l l mode, TM-211A mobi le , TS-411A 70cm 
mobi le , TS-670 40. 15. 10 a n d 6 mtrs CALL FOR PRICES 
KENWOOD SWt. R-2000. R-1000. R-600 a n d the B-11. CALL 
KENWOOD TS-430S a n d TS-930S CALL 
KENWOOD TS-530SP a n d TS-830S CALL 
1COM 02AT 299 95 
YAESU FT203R CALL 
TENTEC 2591 269.95 
MIRAGE AMPS less 12% 
DENTRON GLT1000 1KW PEP tuner 174 95 
WM NYE MB-V 3KW tuner / switch 489.95 
BEARCAT DX-1000 449 95 
ICOM R-71A CALL 
CES 510SA SMART PATCH 299.95 
ACCESSORIES 
FLUKE 77 a u t o d ig i t a l mul t imeter 114.95 
BENCHER less 10% 
VIBROPLEX less 10% 
HEIL SOUND less 10% 
DAIWA NEW METERS CALL 
TRIPPLITE PR-25 reg. PS 99.95 
TRIPPUTE PR-35 149.95 
GORDON WEST c o d e tapes g rea t 9 95 
TUBES 
GE 6146B 9.95 
GE 5728 61.95 
GE 12BY7A 5.95 
EIMAC 3-500Z 99.95 
AMPHENOL 
631-T c o a x tee 4.00 
PL-259, 831-SP 1.25 
UG-176 reducer, RG8WRG59 30 
4400 N m a l e to SO-239 6.00 
2900 BNC m a l e to SO-239 4.00 
8261 N m a l e 3.00 
83-10 RCA to SO-239 3 00 
82-97 N f e m a l e chassis 3.00 
Other AMPHENOL p roduc ts STOCK CALL 
ANTENNAS 
BARKER & WILLIAMSON less 10% 
BIFTERNUT HF-2V 80 & 40 mtr 125.00 
BUHERNUT HF-6V 80 thru 10 125.00 
BUTTERNUT accessor ies Stock CALL 
AEA ISOPOLE 144 39.95 
HYGAIN CALL 
MOSLEV TA-33M 249.00 
MOSLEY PRO-37 469.00 
MOSLEY TA-33JR 189.00 
We stock MOSLEY CALL 
LARSEN CALL 
CDE 45-2 Rotator 99.95 
CUSHCRAFT A147-11 49.95 
A147-4 29 95 
AOP-1 c o m p l e t e OSCAR An tenna 109.95 
w e h a v e a l a r g e CUSHCRAFT inventory 
HUSTLER CALL 
ANTENCO 2mtr 5/8 m a g m o u n t 24.95 
KIM K734A 329 95 
JV2X 2 meter ver t i ca l 31.96 
435-40X 159.00 
432-20LBX 66.95 
432-16LBX 49.95 
40M-2 2 el. 40 mtr 298.95 
2M-13LBA 79.95 
2M-22C 119.95 
2M-14C 87 95 
KLM is a lways in stock, l a r g e select ion ot HF. VHF. UHE. 
& WORLD CLASS CALL 
SURPLUS 
CDE DPDT RELAY 10 a m p NEW 5.00 
2 5A/1000 PIV e p o x y d i o d e 19 00/100 
RTTY 
We stock AEA, HAL, KANTRONICS 8< MFJ 
Cal l wi th your requ i rements 
POLICIES: MASTERCARD - VISA • COD 
All pr ices FOB Houston, TX excep t as noted. Prices sub-
ject to c h a n g e without no t i ce subject to prior sale. Used 
gear sale price re funded it not satisfied. Texas residents 
sub ject to sales tax ^ 

1-800-231-3057 

2498/001-XUO-102M 1000 pF at 4000 
volts, is relatively expensive but highly 
recommended since it will handle the 
typical high voltages required as well 
as act as an RF low-pass filter. Some 
designers have "rolled their own" 
bypasses by placing a slab of copper 
or brass against a chassis wall in-
sulated by a thin (0.005-0.010 inch or 
0.13-0.25 mm) dielectric insulator.10 

High voltage connectors are a must 
especially for safety. The typical 
"BNC" or " N " types have identical 
breakdown voltages which are too low 
for most amplifiers and are not re-
commended for carrying high volt-
age. However, the "MHV" (high 
voltage BNC) connector is highly 
recommended. Because its end is in-
sulated, making it difficult to touch the 
tip — a useful feature should a high 
voltage line be accidentally touched 
when energized. This feature has 
saved my life more than once! 

Chassis and enclosures are be-
coming difficult to obtain. Byers Chas-
sis-Kit (K3IWK) has a large selection 
of chassis kits and will make up special 
enclosures to order. 

When dielectric materials are used 
at VHF/UHFfrequencies, careful selec-
tion is important for low loss. I don't 
recommend nylon or bakelite because 
they're lossy materials. Some of the 
recommended materials are Kapton, 
Isomica, mylar, and teflon. The first 
two are often difficult to obtain and 
may be expensive. Mylar, a low-loss 
dielectric, especially above 300 MHz, 
is often overlooked. In plentiful supply, 
it is often used for taping printed wiring 
circuitry and has a high breakdown 
voltage (5000 volts/mil) and a dielec-
tric constant of approximately 3. 

Teflon is recommended. It has a die-
lectric constant of only 2.1 and a volt-
age breakdown of only 1000 volts/mil. 
It also is porous. Hence for best 
breakdown it should be rubbed with a 
silicon grease (e.g. Dow Corning 
DC-4) or used in dual sheets.10 

operating considerations 

Under the new FCC power measur-
ing regulations it makes sense to de-
sign VHF/UHF power amplifiers for 

linear service right from the start. A 
linear amplifier is more versatile and 
does not necessarily require bias ad-
justments when changing operating 
modes, thus simplifying switching cir-
cuitry. However, ALC circuitry should 
also be considered to improve lineari-
ty. Also the high voltage supply regula-
tion usually improves since the trans-
mitter current excursion is reduced. 

I'll say it again! Before operating any 
tube, consult the manufacturer's data 
sheets! Excessive voltages can cause 
arcing and tube destruction. Excessive 
currents, especially in the cathode, can 
significantly reduce tube life. Many 
Amateurs tune their amplifiers for 
maximum smoke, then get indignant 
when the amplifier or tube goes up in 
smoke! Always pay particular attention 
to the cooling and backpressure. It's 
better to have too much air flow than 
not enough. 

Also, determine the minimum re-
quired filament warm-up time before 
any cathode current is drawn. Proper-
ly built and operated power ampli-
fiers don't require frequent tuning 
adjustments. 

When a power amplifier is working 
properly, it should generate maximum 
output power when you are tuned to 
resonance (a point just above the dip 
in the plate current). On tetrode ampli-
fiers the same should be true and the 
screen current should peak (even 
though it may be negative at the time) 
at the same point. It is highly recom-
mended that a dedicated screen grid 
current meter be provided because the 
screen current is a very sensitive in-
dicator of tuning and loading. 

safety considerations 

Whenever you are working on a 
high-power amplifier, safety should be 
your first concern. Safety applies in 
both the DC and RF area. High voltage 
can kill. All amplifiers should be ade-
quately shielded to prevent inadvertent 
contact with the high voltage supply 
lines as well as the RF circuitry. High 
voltage primary interlocks, bleeder re-
sistors in the supply, and high voltage 
discharge mechanisms are a must. Use 
of a relay in series with the high volt-
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age (as previously recommended) is 
one additional way to lessen the 
chance of high voltage shocks, but 
even a relay's contacts can stick — 
so don't leave anything to chance. 
Meters, especially those connected 
directly in the high voltage line, are 
particularly dangerous. High voltage 
may be very close to the glass and a 
source of arcing. If a meter is placed 
in the high voltage line, it should be 
adequately insulated from ground and 
placed behind a protective panel. By-
pass meters with back-to-back diodes 
as shown in f igs. 3 and 4, to lessen 
the chance of meter destruction at 
high currents. 

The loss of cooling air or water to 
the tube can also present a safety 
hazard. Besides endangering the tube, 
loss of cooling increases the chance of 
fire or explosion should the plate over-
dissipate. An air or water flow high 
voltage cutoff switch is recommended 
in case of failure. 

Finally, we must respect RF and 
microwave radiation. In recent years it 
has become increasingly obvious that 
Amateur transmitters, especially those 
operating at 500 watts and above, 
have sufficient RF power to be haz-
ardous, especially to the eyes and 
brain. Power densities of 10 milli-
watts/cm2 were formerly the American 
National Standards Institute (ANSI) 
C95.1-1974 limit.1 ' This limit has now 
been superseded. The new ANSI 
C95-1-1982 limits are 1 milliwatt per 
s q u a r e c e n t i m e t e r f r o m 3 0 - 3 0 0 M H z , 

following the curve f(MHz)/300 milli-
watts per square centimeter from 
300-1500 MHz, and 5 milliwatt per 
square centimeter above 1500 MHz. 
This limit can be easily exceeded 
within 1 meter of a high power 
VHF/UHF transmitter with the plate 
compartment shield removed. Black-
well and White have described a sim-
ple probe to measure RF power den-
sity.12 A power amplifier should never 
be operated with the shielding re-
moved, especially on 2 meters and 
above! 

warranty considerations 
Most manufacturers will not replace 

a defective tube, even under warranty, 
unless certain parameters have been 
monitored. These include, but are 
not limited to, filament voltage, hours 
of operation (as indicated on a built-
in elapsed meter), circuitry and opera-
ting voltages. These requirements are 
usually spelled out on a warranty sheet 
in the original packing container. It's 
well worth checking into these require-
ments before placing a tube in service. 

recommended designs 
Finally we come to the question of 

what are the most popular and recom-
mened designs. The following table in-
cludes many recommended references 
or designs, listed by frequency band: 

b a n d see re ference 

6 meters 13 20 
2 meters 19 35 

135 cm 36 41 
70 cm 10,42 48 
33 cm 49 

23 cm and up is still a difficult area; it will be 
covered in a forthcoming column, but reference 
50 is recommended for a medium power 
(100 150 watts) 23 cm-amplifier. 

This list should cover most of the 
tubes and circuits presently in wide 
use. The selection of amplifier and 
tube is left to the individual. 

The AM-6155, a moderately priced 
($150) surplus linear amplifier, has 
recently become available from Fair 
Radio Sales.51'52-53 It comes complete 
with a self-contained power supply 
and uses a single 8930 tetrode. Proper-
ly modified, this amplifier can operate 
on either 2 meters, 135, or 70 centi-
meters. With 10 watts of drive, 400 
to 600 watts of output have been 
reported'. 

summary 
Properly operated tubes used in a 

good circuit with appropriate attention 
given to component selection will have 
a long lifetime and provide many hours 
of satisfactory operation. 

I highly recommend that you obtain 
a copy of reference 5 for your library. 
This reference is very complete and 
will provide amplification on many of 
the items discussed in this article. Let 
me know if I have left out any major 

points. They can be covered in a 
subsequent column. 
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defining the decibel 
Why bother? Because 

in electronics — as in 

any science — definitions 

do make a difference. 

The unit of the decibel, or dB, is used quite wide-
ly in electronics to express everything from amplifier 
gains to bandwidth ratios (is that 10 log or 20 log for 
bandwidths?). Often the question, "Is that dB-voltage 
or dB-power?" is heard. The answer to that question 
is an unequivocal "yes." The short article that follows 
reiterates the apparently long-forgotten history of the 
decibel and discusses both its proper application and 
a few of its common misapplications as well. 

The decibel is, roughly, the smallest change in 
acoustic power that the ear can detect.' It's one tenth 
of a bel, a unit named for Alexander Graham Bell, 
whose original research revealed the logarithmic am-
plitude response of the human ear;2 not surprisingly, 
the concept of the bel was originally used in the field 
of telephony. But the unit was found to be too large 
for practical application, and the decibel was soon 
found to be more convenient. 

In the original acoustic terms, the decibel was de-
fined as 10 log to the base of 10 of the ratio of two 
acoustic intensities (powers). (A similar but much less 
frequently used unit is the Neper — from Napier — 
which is given as 1 log to the base e of a voltage ratio.2 

Yes, the multiplier is 1, not 10.) In modern electronics, 
however, the decibel is defined as 10 log of a power 
ratio in which the two powers ratioed are measured 
at a particular point in a system — at the output of 
an amplifier, for example. This is the only definition. 
Other descriptions of the decibel, such as 20 log of 
a voltage ratio, are derivations of this definition, often 
with some critical information omitted. 

The decibel is really just a type of mathematical 
shorthand. It is more convenient, for example, to ex-
press the power gain of an amplifier as 80 dB than as 
100,000,000 watts/watt . One variation to this basic 
definition has been a generalization to allow the two 
powers ratioed to be at different points in a system 
that have equal impedances — for example, the power 
gain of an amplifier in a constant 50-ohm system ex-
pressed in dB as 10 log of the ratio of the output power 
to the input power. Such a generalization, however, 
is still consistent with the original definition. Consider 
a 50-ohm amplifier in a 50-ohm system. Its input and 
output impedances must both be 50 ohms to be con-
sistent with the 50-ohm system. Therefore, the source 
driving the amplifier will deliver the same power to a 
50-ohm termination as it delivers to the amplifier in-
put. Let us choose the 50-ohm input to a power meter 
as the point of measurement of the original definition 
above. First apply the source directly to the power 
meter input and record the source power. Then, re-
move the source from the measurement node (power 
meter input), apply it to the amplifier input, and apply 
the amplifier output to the power meter. Measure the 
new power at the point of measurement. The amplifier 
gain in dB is then 10 log of the ratio of the second 
measurement, the output power, to the first measure-
ment, the power applied to the input. This measure-
ment technique is a direct application of the defini-
tion of the decibel. 

Alternately, we could, by some means, measure the 
input and output powers of the amplifier with it at-
tached to the source and 50-ohm load (computed from 
measured input and output potentials perhaps) and 
compute the gain in a similar manner as above. There 
is a subtle difference between this second measure-
ment technique and the first. In the first, a single point 
of measurement, the input to the power meter, was 
used to measure the two powers for the ratio; in the 
second, two different points in the system were ob-
served — the input and output ports of the amplifier. 

By Michael Gruchalla, EG&G, 2450 Alamo 
Avenue S.E., Albuquerque, New Mexico 87106 
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Since the system was defined to be a 50-ohm system 
throughout, both techniques will yield the same re-
sults. However, if the impedances in the system are 
not the same throughout, the results will not be the 
same. (This will be demonstrated later.) So, the ratio 
of two powers, P2 and P/, in a constant impedance 
system expressed in dB, is given by eq. 1, where the 
term "D" is simply a general notation and the form 
"dB" is used to show the units of the result. 

D = 10 log (P2/P,) [dB] (1) 

In many cases the power, P/, is chosen as some con-
venient reference power such as one milliwatt. The 
value of D is then given in dB referred to a milliwatt, 
abbreviated dBm. This is still consistent with the basic 
definition of the dB since D is then a representation 
of the actual power at a point in a system compared 
to the chosen reference power at that same point. 

Now, we will expand eq. 1. However, since this is 
not a lesson in arithmetic, the impedances will be de-
fined as being real with no imaginary part, which will 
simplify the math considerably. Each of the powers 
in eq. 1 may be expressed in terms of the potentials 
and corresponding impedances, or resistances for the 
case of impedances with only a real component, at 
the power measurement points. Expanding eq. 1: 

D = 10 log f(E22/R2)/(E,2/R,)] (2) 

= 10 log (E^/E,2) - 10 log (R2/RI) (3) 

= 20 log (E2/E,) - 10 log (R2/R,) [dB] (4) 

This is an interesting result. We can now see where 
the 20 log of a voltage ratio expression originated in 
the widely used dB expressions. But what about the 
second term in eq. 4? Well, in the case of a constant 
impedance system, the two resistances are the same 
value, resulting in a second term of 10 logd), which 
is of course zero. As a result, D is correctly expressed 
in dB as 20 log of the ratio of two voltage measure-
ments, which is the expression so familiar to many of 
us. So we'll make a note of it here: 

FOR CONSTANT IMPEDANCE ONLY!!! 

D = 20 log (E2/E,) [dB] (5) 

This would be a good point to digress a moment 
and examine the question, "Is it dB-voltage or dB-
power?" Consider a 50-ohm amplifier in a constant 
50-ohm system. If we applied an input signal of one 
microwatt ( - 3 0 dBm right?) to this amplifier and 
measured an output power of one milliwatt (0 dBm?), 
what would be the gain of that device in dB? Letting 
that power ratio be represented by "G" and applying 
the basic definition of the dB given in eq. 1: 

G = 10 log (P„/Pm) [dB] 

G - 10 log (1 milliwatt/1 microwatt) (6) 

= 10 log (1000) = 30 dB 

We could have easily found this result by subtracting 
the - 3 0 dBm input level from the 0 dBm output — 
OdBm - ( - 3 0 dBm) = + 30 dB. To show this math-
ematically, consider the following: 

G [dB] = 10 log (P0/Pin) 

= 10 log (P„/Pm) + 10 log (1 mW/1 mW) 

[add 10 log (1 m W/l m W) which = 0] 

= 10 log (P0/I mW) - 10 log (Pln/1 mW) 

= P„ [dBm] - Pm [dBm] 

Now we will try it from a voltage point of view. First 
we must compute what input and output voltages we 
would measure with the corresponding powers given. 
We all know that the power dissipated in a resistor with 
a potential E applied across it is given by: 

PR = E2/R [watts] 

Solving for E in terms of P and R: 

E = (P-R)'^ [Volts, RMS] 

For the one microwatt input (remember, we said we 
had a 50-ohm system): 

E (l\x W) = (110 watts-50 ohms)1 /2 

= 7.07 millivolts RMS 

And for the one milliwatt output: 

E (ImW) = (1-10- * watts-50 millivolts)"2 

= 223.6 millivolts RMS 

Now, applying eq. 4: 

C = 20 log (E2/E,) - 10 log (R2/R,) [dB] 
(7) 

G = 20 log (223.6 mV/7.07 mV) - 10 log 
(50 ohms/50 ohms) 

= 20 log (31.63) - 0 = +30 dB 

Look carefully at the two results in eqs. 6 and 7. If 
you were told that the gain of this 50-ohm amplifier 
was 30 dB, would you have to ask "dB-voltage or dB-
power?" (I hope not.) As shown in this example, com-
puting the gain by either 10 log of the power ratio or 
20 log of the voltage ratio yields exactly the same result 
in a constant impedance system. So you can see that 
the all-too-often-asked question has little meaning 
when the concept of the decibel is properly used. 

We will now see how the concept came to be mis-
applied. Look back at eq. 4. This is an exact expres-
sion of the decibel and, as explained, reduces to eq. 
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5 in systems of constant impedance. In the early ap-
plications of the decibel, power measurements were 
made in waveguide and coaxial RF systems using 
various instruments for direct power measurement. 
The use of these instruments required the signal of 
interest to be applied directly to the measurement in-
strument input as is required by the definition of the 
decibel. Therefore, ratios of measured powers ex-

pressed in dB were consistent with the original defini-
tion. Then something terrible happened: the perform-
ance of electronic instruments improved dramatical-
ly. RF voltmeters could now be used to measure actual 
RMS potentials in systems, rather than only power. 
Oscilloscopes could provide direct viewing of the 
voltage waveforms from which RMS values could be 
computed. And worse yet, these instruments were of 
such a nature that these potential measurements could 
be made quite accurately in systems of almost any im-
pedance without the need to break the circuit for direct 
application of the measured signal to the measuring 
instrument. In fact, the impedance did not even have 
to be known to accurately measure potentials, al-
though circuit loading did have to be considered. Well, 
many of the first applications of these instruments 
were still in the area of constant impedance systems 
and it was well known that eq. 5 applied, and why. 
As several generations of engineers and technicians 
used these new and ever-improving instruments, the 
use of eq. 5 became second nature and its origin (and 
limitations) slowly became lost and forgotten. Then 
another terrible thing happened . . . the operational 
amplifier appeared. These were marvelous devices 
with staggeringly high voltage gains — perhaps as high 
as 1,000,000 or even higher! Using such large terms 
in everyday communication presented a bit of an in-
convenience. Then someone, remembering eq. 5 (at 
least most of it), said "Wow, we can express this gain 
in dB as 20 log of the voltage gain." What was omit-
ted was that eq. 5 applies only in constant impedance 
systems. Operational amplifiers typically exhibit very 
high input and very low output impedances. So was 
yet another misapplication of the decibel born. 

To demonstrate the problem associated with this 
misapplication of the concept, we will examine a few 
examples. Consider an operational amplifier configured 
for a voltage gain of unity. Let the amplifier have a 
1 Megohm input resistance and a very low output re-
sistance (much smaller than 50 ohms). Also, consider 
a source with a 50-ohm impedance. Finally, let the load 
be 50 ohms. If we apply an input signal and measure 
the input and output voltages we will naturally find 
them to be the same since the amplifier is configured 
for a gain of one. Using eq. 5 and rather ignoring the 
impedance requirement, we would find the amplifier 
gain to be 0 dB. Now let's compute the gain in dB 

as 10 log of the output to input power ratio. The in-
put power is simply the input RMS voltage squared, 
divided by the input resistance. The output power is 
given as the output RMS voltage squared divided by 
the load resistance. However, since the voltage gain 
is unity, the input and output voltages are equal. Let 
that voltage be E. Computing the gain from the power 
ratio: 

G = 10 log l(E2/RL)/(FJ/Rin)] 

= 10 log (Rjn/RiJ 

= 10 log (1 • W> ohms/50 ohms) 

= 10 log (2-104) = 43 cIB 

Well, that presents a bit of a problem. Is the actual 
gain 0 dB or 43 dB? Let's try still a different measure-
ment by trying to apply the single-point measurement 
approach of the original definition. Let the 50-ohm load 
be the input resistance of a 50-ohm power meter. 
Applying the source to the power meter input, a 
power, P, is observed. Now, move the power meter 
to the amplifier output and apply the source to the am-
plifier input. Since the source is not loaded by the am-
plifier input (1 megohm > > 5 0 ohms), the voltage 
at the amplifier input is twice that measured when the 
source was terminated with the 50 ohms of the power 
meter. (This can easily be shown with some simple 
circuit analysis, but since that's not our purpose here, 
you'll have to either accept it as true, or prove it for 
yourself.) The amplifier output voltage is also twice 
the loaded value of the source, since the amplifier volt-
age gain is unity and the low output resistance of the 
amplifier prevents loading by the power meter. Power 
varies as the square of voltage, so the doubling of the 
voltage at the power meter input results in an increase 
in power by a factor of 4. The power reading of the 
power meter will then be 4P. Applying eq. 1: 

G = 10 log (P„/Pin) 

= 10 tog (4P/P) = 6 dB 

This gives us still another choice as to what the gain 
in dB is for an operational amplifier configured for unity 
gain. It is either 0 dB, 43 dB, or 6 dB, depending how 
one makes the measurement. 

Now, let's modify the unity gain amplifier circuit 
configuration slightly by the addition of an input trans-
former. Let that input transformer match the 1 meg-
ohm amplifier input resistance to the 50-ohm source 
resistance, a turns ratio of 1:141 (remember, trans-
former impedances vary as the square of the turns 
ratios). The transformer/amplifier combination now 
satisfies the constant impedance requirement of the 
definition of the decibel — the input and output resis-
tance is 50 ohms in a 50-ohm system. The 50-ohm in-
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put of the transformer presents the same load as the 
power meter of the original measurement of the source 
power. The source power will produce some input 
voltage. Let that voltage be E. Since the transformer 
has a 1:141 turns ratio, the input potential to the 
amplifier is 141E and since the amplifier has unity gain, 
the output potential is 141E. Since this is a constant 
impedance system, we may compute the power gain 
either from the power ratio or the voltage ratio. 
Therefore, since we have the input and output volt-
ages (in terms of E) we will apply eq. 5. 

G = 20 log (E2/E,) 

= 20 log (141E/E) = 43 dB 

Now, isn't that an interesting result? This is the same 
value that was found for the original configuration in 
the second calculation, which was based on the ac-
tual input and output powers. This can somewhat be 
understood since the transformer can have no power 
gain. The transformer does provide a proper impe-
dance match to the source so that for any given source 
potential the maximum amount of power will be coup-
led, but it does not provide any power gain. The opti-
mum matching simply implies that this is the configu-
ration in which the available source power is most ef-
fectively coupled. Thus, for some desired output 
power, this configuration will require the least input 
voltage, and least available input power. The first unity 
gain configuration and the transformer/amplifier con-
figuration both have a power gain of 20,000. However, 
in the first, the voltage gain is unity, so if an output 
potential of V volts RMS is needed for some desired 
output power, the input potential must also be V volts. 
In the transformer/amplifier configuration, the voltage 
gain is 141, so for an output of V volts an input of 
V/141 volts is needed. Since each of these configura-
tions is delivering the same power to the load and they 
have the same power gain, the second makes the more 
efficient use of the source signal. 

Since the gain of this final configuration to which 
the concept of the decibel may be properly applied is 
the same as that of the simple unity gain amplifier ex-
pressed in dB as 10 log of the actual output to input 
power ratio, perhaps the gain in dB of the unity voltage 
gain amplifier should be 43 dB? One can easily see the 
confusion that can result. This is particularly true since 
all four of these results could be considered correct 
depending upon how one chooses to use the concept 
of the decibel. Considering the first two cases it might 
have some meaning to use the expressions dB-voltage 
and dB-power to distinguish between the two meas-
urement techniques. But what do we do with the third 
measurement? It was also a power measurement and 
actually more consistent with the actual definition of 

the dB. Perhaps this value could be called "dB-power-
almost-consistent-with-the-definition-of-the-decibel," 
or dB-PACWTDOTD for short. Certainly that would 
be a bit ridiculous — but would it be any more absurd 
than dB-voltage and dB-power? Then there's the mod-
ified configuration, to which the concept of the decibel 
may be properly applied, which yields a power gain 
that is the same as that of the second calculation. 
However, this is a different configuration, and its rela-
tion to the problem is not immediately obvious. Per-
haps the best way to avoid this dilemma is to stick to 
the actual definition of the decibel. Nevertheless, wide-
spread use of the expression of voltage gain in dB as 
20 log of the ratio of the output to input voltages has 
resulted in this expression becoming a type of alter-
nate definition of the decibel. 

One popular use of this expression is the specifica-
tion of the open loop voltage gain of operational am-
plifiers. There seems to be a slight trend away from 
this erroneous specification, however, in favor of the 
correct units of volts per millivolt, volts per microvolt, 
etc. Look through some data books with specifications 
on operational amplifiers and see if you can find these 
different open loop gain units. 

noise analysis — yet another 
creative misapplication 

The use of the decibel to express the voltage gain 
of an amplifier in a system of non-constant impe-
dances is by far the most common misapplication of 
the decibel that you're likely to encounter. Yet there's 
another interesting misapplication that's also quite 
creative; this is found in the area of noise analysis. The 
noise power available in a system is directly a func-
tion of the system noise bandwidth. Without going 
into detail, the available noise power, Pn, in a noise 
bandwidth, BWn, and absolute temperature, Tq, is 
given by eq. 8. 

Pn = k-T0 BWn (watts) (8) 

k = Boltzmann's constant 

= 1,38-10~ 23 Joules/degrees Kelvin 

Now suppose we have two different noise bandwidths 
and want to know how much noisier, in dB, the larger 
is than the smaller. Consider an amplifier system of 
power gain G with a variable bandpass filter and a suit-
able power meter tied to the amplifier output. With 
the bandpass filter set for a narrow bandpass, BWnh 

let the power reading be P„i- Then let the filter be ad-
justed to a wider bandpass, BW„2, with a correspond-
ing power reading of P„2- The relative increase in 
power with the increased bandwidth expressed in dB 
is then given as 10 log (Pn2

/'Pnih and this expression 
is an exact application of the definition of the dB. Let 
this quantity be defined as D. The two powers may 
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be expressed in the form of eq. 8 above. Then, ex-
panding the expression for D: 

D = JO log (P„2/P„,) 

= 10 log (k-T0BW„2 G/k T0 BWn, • GA9) 

= 10 log (BWn2/BW„,) (dB) 

Well, there you have it — the ratio of two bandwidths 
expressed in dB is given as 10 log of the bandwidth 
ratios. Just what does it mean? That's right, nothing 
. . . unless, of course, you know that you're really talk-
ing about ratios of noise powers and not simply band-
widths. Feel free to consider some of the possibilities 
for this misapplication — but please don't take them 
seriously. Why, one could use eq. 9 (without consider-
ing its origin) to express the peaking properties of a 
bandpass filter in dB as 10 log of the output bandwidth 
to input bandwidth! Of course in this case we'd most 
likely want to invert the ratio (i.e., 10 log of the input 
to output bandwidths) so that we would always have 
positive values to work with. We could even express 
quality factor, Q, in dB if we are a little creative. Quality 
factor of various systems is often expressed as the 
ratio of the center frequency to the bandwidth. Well, 
the center frequency could be considered as a band-
width with the lower frequency of 0 Hz. Then Q would 
be nothing more than a ratio of two bandwidths and 
misusing eq. 9, we could express Q in dB (again, we 
would wish to invert the ratio to have positive dB 
values of Q since negative values might be confusing). 

If these suggestions seem quite outrageous, per-
haps it's because they haven't been seen before. 
These are actually as correct as expressing the open 
loop voltage gain of an operational amplifier in dB, but 
we've come to know that expression because of its 
widespread use, and so as a result, it doesn't look par-
ticularly strange. But this doesn't make it inevitably 
correct. There is some obvious confusion because in 
the absence of uncertainty, the voltage/power ques-
tion would need never be asked. If you stick to using 
the concept of the decibel only where it applies, you'll 
have no problem. In cases where you must work from 
someone else's error, you'll just have to try to figure 
out what was meant. This does not mean that we 
would specify the gain of the unity gain amplifier in 
the example above as 43 dB. That voltage gain is 1 
volt/volt or simply a voltage gain of 1. The power gain 
of that configuration is 20,000. That is where we ar-
rived at the 43 dB figure; but as pointed out, the con-
cept of the decibel does not apply because the system 
is not of constant impedance. The power gain would 
simply be stated as 20,000 watts/watt , 20 watts/ 
milliwatt, or simply a power gain of 20,000. 

As the examples above have shown, misapplication 
of the concept of the decibel has led to considerable 
confusion as to what is actually implied by the expres-
sion of a quantity in dB. Hopefully this article has 

served to clarify your understanding of the concept, 
and you can now correctly apply the concept. Further-
more, when you see quantities expressed in dB, you'll 
be able to tell whether or not they're proper expres-
sions. In cases where they're not, you should have a 
better understanding of the concept to aid you in try-
ing to comprehend the original intention. In any event, 
if you keep the definition of the decibel clearly in mind 
and always apply it properly, then your expressions, 
at least should always be correct and should be under-
stood by anyone who shares your understanding of 
the decibel. When you're asked, "Is that dB-voltage 
or dB-power?", you'll not only be able to show why 
that question has little meaning, but also silently revel 
in your mastery of the concept. Always return to the 
basic definition of a notation or concept and apply it 
accordingly. Also, look those basic definitions up in 
the literature. Don't simply take some expert's opinion 
as being correct. Perhaps you should apply that ad-
vice to the information in this article! 
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ham radio 
TECHNIQUES fi^ 

the G5RV explained 
While it may be premature to spec-
ulate, Spring can't be far away. IMow's 
the time to think about that new an-
tenna you're going to put up as soon 
as milder weather rolls around. 

Some Amateurs in the United 
States have been bemused, even con-
fused, by the short, cryptic description 
of an antenna used by many European 
Amateurs. Described as simply a 
"G5RV," the antenna must work, 
judging from some of the powerful sig-
nals that come "across the pond" from 
stations using this sky-wire. 

The antenna design is named after 
its designer, Louis Varney, G5RV, an 
old-timer - (licensed as2ARU in 1928, 
and as G5RV in 1929) - still very ac-
tive on the bands. Louis has used the 
antenna from many of his overseas DX 
locations over the past few decades. 
It enjoys worldwide popularity because 
it's a good, inexpensive multiband an-
tenna that works very well. ' 

The grandfather of the G5RV was an 
"al l-band" antenna first described in 
Amateur literature by Arthur Collins, 
W0CXX, then President of Collins 
Radio Company. Sold as a kit in 1933, 

it never attained widespread popular-
ity because it was both expensive and 
difficult to install. 

The Collins antenna consisted of a 
3/2-wavelength long 20-meter, center-
fed wire with an impedance transform-
er that provided a satisfactory match 
to the open-wire line and tuned tank 
circuit rigs of the pre-war period. The 
transformer was a linear affair made of 
copper tubing that was difficult to sus-
pend from the center of the antenna. 
Art 's transformer was quickly forgot-
ten, but the idea of the inexpensive, 
effective 3/2-wave antenna remained 
(fig. 1). As shown in fig. 2, it has an 
interesting field pattern and a radiation 
resistance value of about 95 ohms at 
the center feedpoint. Its power gain 
over a dipole is about 1 dB. 

Antenna dimensions for the higher 
frequency bands are shown in table 1. 
The antenna can be easily matched to 
50-ohm coaxial line by means of a 
quarter-wave section of 75-ohm coax-
ial line. Sufficient line isolation can be 
obtained by wrapping a portion of the 
75-ohm line into a simple four-turn RF 
c h o k e co i l d i r ec t l y b e n e a t h t h e a n t e n -
na feedpoint. 

This simple antenna is recommend-
ed as a general coverage, single-band 
antenna for the Amateur bands be-
tween 10 and 30 MHz. 

a practical G5RV 
multiband antenna 

Louis Varney, G5RV, devised a 
1 /2-wave matching section that func-
tions as a 1:1 transformer for a 14-MHz 
3/2-wave dipole, enabling the coaxial 
line to "see" a close match on this 
band (fig. 3). On other high frequen-
cy Amateur bands, the transformer 
section acts as a portion of the anten-
na, folded back upon itself, to provide 
a reasonable value of feedpoint impe-
dance on all bands between 3.5 and 
29.7 MHz. Even though the antenna 
termination may be reactive, a good 
antenna tuning unit will match the sys-
tem to a 50-ohm transmitter. This 
scheme will satisfy the rather stringent 
load conditions required by many of 
the solid-state transceivers employing 
a "fail-safe"ALC circuit that senses the 
SWR on the transmission line and re-
duces amplifier input to protect the 
output transistors of the transceiver 
from damage. 

It is tempting to substitute a balun 
for the antenna tuner to make a "no 
adjustment," multiband antenna. This 
is an unsatisfactory solution. Ferrite-
core baluns are not effective with reac-
tive loads or loads presenting a high 
value of SWR, and cannot compen-
sate for the reactive load presented by 
the G5RV antenna on most Amateur 
bands. The tuners listed in references 
2 and 3, however, will do the job 
properly. 

the linear transformer 
for the G5RV 

, 1451.4 
t(MHil 

CURRENT DISTRIBUTION 

fig. 1. The 3/2-wave center-fed antenna. Feedpoint resistance at resonance is about 
95 ohms. 

The heart of the G5RV antenna is 
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the 14-MHz 1/2-wave transformer 
placed at the feedpoint of the anten-
na. Line impedance is not important. 
Ideally, an open-wire line is best, but 
is difficult to build and spacers are hard 
to come by. A good substitute is TV-
type "ladder l ine" that will function 
with power levels up to 250 watts or 
so. On occasion, transmitting-type lad-
der line that will work very well can be 
found. 

Alternatively, 300-ohm line having 
"w indows" punched in the dielectric 
can be used, but this material is not 

table 1. Dimensions of flat-top and coaxial transformer for 3/2-wavelength, center-
fed antenna. 

1/4-wave transformer 
L - * (RG-11/U or RG-59/U 

band f(MHz) feet (meters) feet (meters) 
30 10.12 143.40 (43.70) 16.04 (4.89) 
20 14.15 102.60 (31.30) 11.46 (3.49) 
17 18.11 80.14 (24.43) 8.97 12.73) 
15 21.22 68.40 (20.85) 7.66 (2.33) 
12 24,94 58.20 (17.74) 6.51 (1.98) 
10 28.60 50.75 (15.47) 5.68 (1.73) 

1451.4 
f l M H z l 

difficult to obtain. While 300-ohm TV 
ribbon line will work, the transformer 
section can be detuned by rain or 
snow, making antenna tuning erratic 
in wet weather. 

Regardless of construction, the 
transformer section should drop down 
vertically beneath the antenna for 20 
feet 16 meters) or so before it is 
brought away at an angle. This will 
keep undesired coupling between line 
and antenna at a minimum. 

The G5RV can be installed as an in-
verted-V antenna and still perform suc-
cessfully. 

the 160-meter 
compact dipole 

Have you heard the DX coming 
through on the 160-meter band? 
Would you like to work some of it? A 
great idea, but a lot of would-be " top 
band" DXers pause when they con-
sider that a 1/2-wave dipole antenna 
is about 246 feet (75 meters) long 
when cut for the midpoint of the band. 
And while a vertical antenna would be 
appropriate, it requires a good ground 
connection and a system of buried 
radials. 

An effective alternative is a short, 
coil-loaded dipole antenna. By reduc-
ing the dipole to half size, about 130 
feet (40 meters), the antenna becomes 
more feasible for the ham who lives on 
a medium-sized lot. A loaded antenna 
can be just about any length, however, 
if a compromise between length, effi-
ciency and bandwidth can be accept-
ed. Bandwidth and efficiency drop 

102.6' 
(3I.3W 

ELECTRICAL 

HALF-WAVE LINE — 

TRANSFORMER 

F F 

fig. 3. The G5RV antenna for 14 MHz. A 
parallel-wire transformer 1 /2-wavelength 
long acts as a 1:1 matching device on 14 
MHz and as a folded portion of the an-
tenna on other bands. A tuner is required 
at F-F to match the system to a coaxial 
feedline. The velocity factor of the line 
must be used to determine physical line 
length. On 80 meters the antenna is a 
foreshortened dipole. On 40 meters the 
antenna is a folded "two 1/2-waves in 
phase." On 18, 24 and 28 MHz the anten-
na functions as a long wire, center-fed. 

sharply when the loaded dipole is 
much less than 1/4-wavelength long. 

The bandwidth of a full-size 160-
meter dipole mounted close to the 
ground (40 to 60 feet - or 12 to 18 
meters — high) is quite narrow — only 
about 150 kHz between the 2:1 SWR 
points on the passband. Shortening 
the dipole and loading it to resonance 
sharpens the passband. The antenna 
design shown in fig. 4 has a pass-
band of about 50 kHz between the 2:1 
SWR points. That's the penalty you 
pay to get a compact antenna on 160 
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design overall length loading matching 
frequency length (S) center-to-coil (D) coil (L,) turns coil IL2) turns 

(MHz) feet (meters) feet (meters) (L,) / A H <L2I 
1.80 130.0 (39.6) 32.5 (9.9) 91.9 38.9 3.9 11.6 
1.85 126.5 (38.6) 31.6 (9.6) 89.2 38.0 3.8 11.3 
1.90 123.2 (37.6) 30.8 (9.3) 86.5 37.2 3.7 11.1 
1.95 120.0 (36.6) 30.0 (9.1) 84.0 36.4 3.6 11.0 
2.00 117.0 (35.66) 29.3 (8.9) 81.6 35.7 3.5 10.8 

Notes: 
Dimensions rounded to nearest tenth, metric dimensions in ( ) 
Coil L, diameter ^ 3 inches (7.6 cm) use No. 14 wire, close-spaced 
Coil L, length - approximately 2.5 inches (6.3 cm) 
Coil L2 diameter • 1 inch (2.54 cm), use No. 18 wire, close-spaced 
Operat ing bandwid th = 50 kHz be tween 2:1 SWR points 
Adjust t ip sect ions for antenna resonance 
Adjust coil L2 for best match at resonant f requency 

INSULATOR 

(TYPICAL) 

fig. 4. The 160-meter compact dipole (see table 2). 

meters! You can make the dipole 
shorter with larger loading coils, but 
your operating passband will shrink 
until it becomes impractically narrow. 

simplifying the design 
The chart shown in table 2 reveals 

a number of interesting points. Overall 
antenna length varies from 130 feet 
(39.6 meters) at the low end of the 
band to 117 feet (35.6 meters) at the 
top end. That's a difference of 13 feet 
(4 meters). The length of the center-
to-coil distance also changes appre-
ciably (from 32.5 feet to 29.3 feet). The 
loading coil (LI) inductances change 
only slightly, as the number of turns 
changes only from. 38.9 to 35.7. And 
the matching coil at the center of the 
antenna changes hardly at all. 

It seems to me that things could be 
simplified by using the center-band 

design (1.90 MHz) and then varying 
the resonant frequency of the whole 
antenna by merely changing the length 
of the tip sections. Leave all the other 
dimensions alone. Fold-back tip sec-

-WINOING SURFACE-

C M 

EPOXY JOINTS 

fig. 5. Loading coil can be made up of 
PVC-type plastic pipe and end caps. 
Hookeyes permit connection to the 
antenna wire. 

tions can be wrapped around the an-
tenna wire and then unwrapped and 
left to hang down when operation is 
desired over a lower frequency range. 

adjusting the antenna 
Accepting the 1.90 MHz dimensions 

as par, then, what's to be done^The 
antenna is built, erected in place, and 
lowered so that a dip-meter can be 
coupled to the matching coil, L2. The 
end sections of the antenna are 
trimmed equally until resonance is 
established at 1.90 MHz, or at any 
other point you decide is your "pe t " 
operating frequency. (The feedline is 
removed for this test.) 

Once antenna resonance is deter-
mined, matching coil L2 is adjusted, a 
quarter-turn at a time, for the Idwest 
SWR indication on the feedline at the 
frequency of antenna resonance. The 
antenna must be in the final operating 
position when this is done. 

building the antenna 
The loading and matching coils can 

be easily made up using PVC tubing, 
as shown in fig. 5. If the coils are given 
a good coat of acrylic spray, they'll be 
weatherproof. Some detuning may be 
noticed in damp or wet weather, or if 
snow clings to the coils. 

An alternative for Amateurs living in 
mild climates is to make the coils of 
prefabricated coil stock. The latest 
Barker & Williamson catalog lists show 
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tab les, P L U S Canada a n d M e x i c o . N o w t h a t ' s 
real va lue ! 

The best just got better! 
Of course , Canad ian a n d M e x i c a n a m a t e u r s 
are also l is ted in the 1 9 8 5 Fore ign C a l l b o o k . 
D o n ' t d e l a y ! T h e great n e w 1 9 8 5 C a l l b o o k s 
were p u b l i s h e d D e c e m b e r 1, 1984. 

Order your copies now! 

Each Shipping Total 

OU.S . C a l l b o o k $ 2 1 . 9 5 $ 3 . 0 5 $ 2 5 . 0 0 

• Fo re ign C a l l b o o k 2 0 . 9 5 3 . 0 5 2 4 . 0 0 

O r d e r b o t h b o o k s at the same t i m e f o r 

$ 4 5 . 0 0 i n c l u d i n g s h i p p i n g w i t h i n the U S A . 

O r d e r f r o m y o u r dealer or d i r e c t l y f r o m t h e 
p u b l i s h e r . Fo re ign res idents a d d $ 4 . 5 5 f o r 
s h i p p i n g . I l l i no i s res idents add 6 % sales t a x . 

Keep your 1985 Callbooks up to date. 
T h e U.S. a n d F o r e i g n S u p p l e m e n t s c o n t a i n 
al l a c t i v i t y f o r t h e p rev ious t h r e e m o n t h s 
n c l u d i n g n e w l icenses. A v a i l a b l e f r o m t h e 

p u b l i s h e r in sets o f t h r e e ( M a r c h 1, June 1, 
and S e p t e m b e r 1) f o r o n l y $ 1 5 . 0 0 per set 
i n c l u d i n g s h i p p i n g . S p e c i f y U.S. or F o r e i g n 
S u p p l e m e n t s w h e n o r d e r i n g . I l l i no i s res-
iden ts add 6 % sales t a x . O f f e r v o i d a f t e r 
N o v e m b e r 1, 1 9 8 5 . 

RADIO AMATEUR I I I I 
callbook inc 

D e p t . F 
9 2 5 S h e r w o o d D r . , B o x 2 4 7 
Lake B l u f f , I L 6 0 0 4 4 , U S A 

T e l : ( 3 1 2 ) 2 3 4 - 6 6 0 0 

both "A i rdux" and "Min iductor" 
coils.* I understand the "Airdux" coils 
can be specially ordered w i th 
LEXAN® insulation, which is imper-
vious to ultra-violet rays. This means 
that the coil support strips will not dis-
integrate after being exposed to sun-
light over a period of time. 

the easy way out 

If you don't want to build the com-
pact 160-meter dipole yourself, you 
can purchase either the loading coils 
(Model LC-1) or the complete anten-
na (Model AES-160) from Barker & 
Williamson. Keep in mind, however, 
that this antenna is shorter than the 
one described earlier in this article, and 
while it works just as well, it may have 
a smaller passband because of its 
shorter 96-foot length. Take your 
choice. 

heavy-duty equipment 

Do you need mica transmittingtype 
capacitors? One possible source is Mil-
ton Levy, W5QJT, Apartment 303, 350 
North Resler Drive, El Paso, Texas 
79912. Milt has a large collection of ca-
pacitors and vintage radio tubes for 
sale at modest prices. (By the way, 
have you priced receiving tubes late-
ly? The new Newark Electronics cata-
log lists a 6SJ7 at $29.46 and a 6SN7 
at $16.82.)t 

lightning protection 
Many VHF/UHF repeater antennas 

are m o u n t e d t o t h e s ide o f a m e t a l 

tower and grounded to it. Even so, the 
antenna and equipment can be dam-
aged by the electric field of a nearby 
lightning stroke. A simple and effec-
tive way to protect the side-mounted 
antenna is shown in f ig . 6. A "light-
ning rod" is mounted to the tower just 
above the repeater antenna. The hori-
zontal metal rod, a few inches longer 
than the spacing between the anten-
na and tower, is placed 6 inches or 
more above the tip of the antenna. The 
lightning rod will not affect antenna 

"Barker & Will iamson, 10 Canal Street, Bristol. Penn-

sylvania 19007, 

TNewark Electronics, 500 North Pulaski Road, Chicago, 

Illinois 60624. 

/ / 

/ / LIGHTNING ROD 

METAL / ? 

TOWER / REPEA TEH ANTENNA 

/ 

/ 
/ \ / 

/ / \ 

/ 
-

fig. 6. Lightning rod wi l l protect repeater 
antenna mounted on side of metal, 

grounded tower . 

performance, but it will help to protect 
the antenna and the equipment at-
tached to it during a nearby storm. 

reprint available 

I have a limited number of reprints 
of the article "A High Power 2-Meter 
A m p l i f i e r U s i n g t h e N e w 3 C X 8 0 0 A 7 " 

from the April, 1984, issue of QST. 
Address your request to me, c /o 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. (Include two 
first-class stamps or two IRCs.) 
Thanks to the American Radio Relay 
League for permission to reprint. 
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1. Louis Varney, G5RV, "G5RV Multiband Antenna 

. . . Up-to-date," Radio Communications, July, 1984, 

page 572. 

2. "Band Switched Link Coupler," The ARRL Anten-

na Book, 14th edition, 1982, page 4-4 and 4-5. 

3. Will iam I. Orr, W6SAI , "Antenna Tuner for Center-

Fed Antenna," Radio Handbook, 22nd edition, 1981, 

page 27.23. 
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Build a compact, 
powerful, portable 

unit for under $300 

mobile solid-state kilowatt 
HF linear amplifier 

Not too long ago my mobile kilowatt linear amplifier 
barely fit inside the trunk of my car and raised havoc 
with the electrical system each time a heavy load was 
applied. Because the efficiency of the old tube-type 
linears was low, the current drawn from the battery 
was high. Sometimes it even caused the car to stall. 
But progress in transistor technology has brought the 
mobile HF linear within reach of most Amateurs. If 
you're handy with a drill, a screwdriver, and a solder-
ing iron, you're an ideal candidate for this project. No 
special skills are required beyond the desire to own 
a high-power mobile linear and the willingness to do 
some assembly work. 

The efficiency of the amplifier is as high as 70 per-
cent, depending on the condition of your battery and 
the accuracy of your antenna match. With a DC in-
put of 830 watts, output power on 75 meters is as high 

as 580 watts. The total cost for the entire circuit — 
assuming a good supply of junk box parts is available 
— should be under $300. If you can get the transistors 
for free, the amplifier shouldn't cost you more than 
$150. 

amplifier circuit description 
The linear amplifier consists of four amplifier 

modules capable of PEP power output levels in excess 
of 150 watts each (see f ig. 1). Each module uses a 
pair of 75 watt RF transistors in a push-pull configura-
tion for maximum efficiency and lowest possible 
distortion (see fig. 2). Both input and output im-
pedances of each transistor module are preset at 200 
ohms, which makes combining relatively easy. The in-
put and output divider/combiner provides an ideal 
match with very low loss from the modules to the in-
put/output connectors (see f ig. 3). 

A drive requirement of 50 watts was selected 1o 
allow the amplifier to be used with the standard ex-
citers at reduced output. The actual gain of the 
amplifier depends on the frequency used and the tran-
sistors selected for the project. I had good results with 
the TRW PT9784 type. The transistors are slightly for-
ward biased for good linear performance and max-
imum efficiency. No fancy biasing circuits are need-
ed; just a few inexpensive resistors and a diode are 
sufficient. I found that temperature stability was not 

By Frank Kalmus, WA7SPR, 7016 NE 138th 
Street, Kirkland, Washington 98034 

table 1. Test data on amplifiers matched for low end 
of HF band 12-7 MHz) 

input 
band drive CW power out 

(meters) (watts) VSWR in (watts) 

160 35 1.2:1 500 
75 30 1.2:1 500 
40 45 1.5:1 450 
20 50 2.0:1 450 
15 50 2.5:1 350 
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fig. 1. Mobile kilowatt block diagram. 

a problem even when the unit was operated on CW 
for long periods of time. The two relays that form the 

item description quantity 
B bead, shield 3 
CJ.C2 capacitor, SM 750 pF 2 
C3 capacitor, 0.01 jiF, SO V 1 
C4 capacitor, 47 vF, 35 V 1 
C5 capacitor, 220 iiF, 35 V 1 
C6 capacitor, 0.01 nF, 1 kV 1 
CR1 diode, MS500 1 
Q1,Q2 transistor, RF, 75 watts 2 

TRW PT9784 or Motorola MRF454 
and MRF412, MRF45B 

R1-R4 resistor, 10 ohm, 1/2 watt 4 
R5 resistor, 50 ohm, 5 watts 1 

PC board I 
T1 transformer, input 1 
T2 transformer, output 1 

fig. 2B. Parts list for 150-watt RF amplifier (four required). 

T/R switching are keyed by the PTT line, which is 
wired for 12 volts input from the transceiver in transmit 
mode. If your exciter doesn't provide you with 12 VDC 
when keying the microphone, you can rewire the PTT 
relay circuit so it will key when a ground is provided 
from the exciter. 

The T/R switch provides automatic switching be-
tween the receiver and the amplifier during transmit 
and receive modes as well as during exciter "barefoot" 
operation (see fig. 4). When the circuit breaker is 
switched off, the amplifier is bypassed. With the DC 
power breaker in the ON position, the linear is 
switched on every time you key the microphone; you 
are then transmitting at a kilowatt without having to 
worry about high voltages or battery drain. 

•HJ.SV 

HOir.S. ( V OTHEPWISE M * 
CE3I5T0H VALUES ARE N OHMS t5%, l /2W 

'i • ' AfAClTOk VALUES ARE N MiCUOFARADS 

T1 input transformer 

quantity description 

2 ferrite bead, 2643006301 
2 PC board ends 
2 brass rod, 3/4 inch (small rod) 

T2 output transformer 
2 ferrite bead, Stackpole No. 57-2857 
2 PC board ends 
2 brass rod, 1-7/16 inch (large rod) 

fig. 2A. Schematic of basic building block: the ISO-watt 
amplifier. 
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'I TO (X ! -UT • 
' . A f ROM 

• i WAY OUTPUT COMBINER 

fig. 3A. Interconnection diagram for 4-way input splitter 
and output combiner. 

description quantity 
PC board 2 
bead, Stackpole No. 5 7 - 2 8 5 7 4 
standoff, Sealectro, 9 

0 2 3 - 5 7 0 2 - 0 0 0 - 7 0 9 
insulator, H.H. Smith No. 2 6 0 4 1 
resistor, 220 ohm, 2 wans 8 
No. re buss — 4-1/2 Inch a 
sleeving — 2 . 9 Inch (teflon) a 

fig. 3B. Parts list for 4-way input splitter and output 
combiner. 

T O A M P L I F I E R O U T P U T 
T < \ R T t " / / ^ T O + 1 2 V D C 

T O A M P L I F I E R O U T P U T 

fig. 4. Transmit/receive, switch connections. 

The input attenuator consists of a resistive power 
divider that incorporates high frequency compensa-
tion to achieve bandpass response flatness. The 
resistors used are of the "non-inductive" type and are 
rated at 25 watts. 

A 60-ampere panel meter monitors the DC current 
drain from the battery. (This was achieved using a 
40-amp meter. The dial reading is multiplied by 1.5.) 
On C W it is possible to get readings as high as 60 
amperes. Though difficult to read on the meter, PEP 
currents on SSB are as high as 75 amperes. The 
average SSB power consumption is less than 200 
watts, or about 15-18 amperes DC. The average 

automobile battery and electrical system should not 
have any problem powering this amplifier. It is, 

band 
(maters) L1 12 L3 C1 C2 C3 C4 C5 C6 C7 

75/8 0 2.0 1.6 1.6 458 78 848 370 760 296 290 
40 1.2 0.9 0.9 282 47 526 229 470 ISO WO 

15/20 0.4 0.4 0.4 94 15 1B2 82 164 68 es 

fig. 5A. Low-pass filter schematic, parts placement 
diagram, and component values. 

Item description quantity 
CI capacitor, 390 pF, ceramic, 2 kV, 5 percent 1 
CI capacitor, 88 pF, ceramic, 3 kV, 5 percent 1 
C2 capacitor, 39 pF, ceramic, 3 kV, 5 percent 2 
C3 capacitor, 390 pF, ceramic, 2 kV, 5 percent 2 
CI capacitor, 88 pF, ceramic, 3 kV, 5 percent 1 
C4 capacitor, 270 pF, ceramic, 2 kV, 5 percent 1 
C4 capacitor, 100 pF, ceramic, 4 kV, 5 percent 1 
C5 capacitor, 390 pF, ceramic, 2 kV, 5 percent 1 
C5 capacitor, 270 pF, ceramic, 2 kV, 5 percent 1 
CS capacitor, 100 pF, ceramic, 4 kV, 5 percent 1 
C6 capacitor, 120 pF, ceramic, 3 kV, 5 percent 2 
CS capacitor, 56 pF, ceramic, 3 kV, 5 percent 1 
C7 capacitor, 120 pF, ceramic, 8 kV, S percent 2 
C7 capacitor, 50 pF, ceramic, 3 kV, 5 percent 1 
LI Inductor, 2 „H 1 

L2.L3 inductor, 1.8 i*H 2 
PC board 1 

fig. 5B. Parts list for FL1 filter subassembly <75 and 80 
meters). Note: In this and other parts lists, repetition of 
the line designation signifies adding these components 
to make one effective component. For example, under 
C1. 390 and 68 pF capacitors are combined to achieve 
458 pF. 

Item description quantity 
CI capacitor, 100 pF, ceramic, 4 kV, 5 percent 2 
CI capacitor, 82 pF, ceramic, 5 kV, 5 percent 1 
C2 capacitor, 47 pF, ceramic, 3 kV, S percent 1 
C3 capacitor, 270 pF, ceramic, 2 kV, 5 percent 1 
C3 cepecltor, 200 pF, ceramic, 3 kV, 5 percent 1 
C3 capacitor, 56 pF, ceramic, 3 kV, S percent 1 
C4 capacitor, 100 pF, ceramic, 3 kV, S percent 1 
C4 capacitor, 82 pF, ceramic, S kV, 5 percent 1 
C4 capacitor, 47 pF, ceramic, 3 kV, 5 percent 1 
C5 capacitor, 270 pF, ceramic, 2 kV, 5 percent 1 
C5 capacitor, 200 pF, ceramic, 3 kV, 5 percent 1 
ce capacitor, 68 pF, ceramic, 3 kV, 5 percent 1 
C6 capacitor, 56 pF, ceramic, 3 kV, 5 percent 2 
C7 capacitor, 68 pF, ceramic, 3 kV, 5 percent 1 
C7 capacitor, 56 pF, ceramic, 3 kV, 5 percent 2 
LI Inductor, 1,2 mH 1 

L2,L3 Inductor, 0.9 yH 2 
PC board 1 

fig. 5C. FL2 filter subassembly (40 meters). See note in 
fig. 5B. 
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Hem description quantity 
CI capacitor 47, pp. ceramic. 3 kV, 5 percent Z 
C2 capacitor, 15 pF. ceramic, 5 kV, S percent 1 
C3 capacitor. 62 pF. ceramic. 5 kV. 5 percent J 
C3 capacitor. 100 pF. ceramic, 4 kV, 5 percent 1 
C4 capacitor. OS pf, coramtc, 5 kV, 5 percent l 
CS capacitor, 39 pF, ceramic. 3 kV, 5 percent 1 
C5 capacitor. 56 pF, ceramic. 3 kV, 5 percent I 
C5 • capacitor, 6B pF, ceramic, 3 kV, 5 percent 1 
C6 capacitor, 68 pF, cQramic. 3 kV, 5 percent 1 
C7 capacitor. 60 pF. ceramic. 3 kV, 5 percent 1 
U Inductor. 0.4 nH 1 

LZ.L3 inductor. 0.3? 2 
PC board 1 

f ig. 5D . FL3 fi l ter subassembly (15-20 meters) . Sue note 
in f ig. 5B. 

All components are clearly visible in bottom view of kilowatt 
linear amplifier. 

however, suggested that you use at least No. 8 wire 
for the DC power cable. 

filtering cooling and testing 
RF filtering is necessary to meet FCC requirements 

of minimum 40 dB harmonic rejection (see fig. 5). A 
seven-pole elliptical filter is used in the 75-meter unit. 
Typical harmonic performance was better than 50 dB 
down from the main carrier. 

Cooling was found to be no problem on SSB. 
Average voice conditions will not cause dangerous 
overheating if the amplifier is mounted in a well-
ventilated area. But just in case, a temperature sen-
sor switch inserted in the T/R relay circuit will shut 
the amplifier down if the temperature exceeds a preset 
level of approximately 150 degrees F, thus preventing 
serious damage to the equipment. 

After all the assembly and wiring are done, some 
preliminary testing is required before applying power 
to the amplifier (see fig. 6 for overall assembly parts 
layout). Using an ohmmeter, connect the black lead 
to ground and the red lead to the 12-volt line to make 
sure there are no shorts. Connect the red lead to each 
collector of all eight transistors to check for short cir-
cuits. Measure approximately 2.5 ohms to ground at 
each base and 12.5 ohms to ground at each collec-
tor. Measure continuity from the center pin of the in-
put to the center pin of the output connector. 
However, neither one of the RF connector center pins 
should read short to ground. 

Because this mobile amplifier was designed for 
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L I 

t • 

|!-i! 

I, 

-

T . I I 

v-ilM1'!" 

•u!j i 
t • • : 

fig. 6A. Overall assembly and parts location guide. 
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f ig. 7A. Filter printed circuit board. 

f ig. 7B. T/R switching printed circuit board. 

f ig. 7C. 150-watt amplifier printed circuit board. 
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AMATEUR TELEVISION 
ATV TRANSMITTER/CONVERTER 

ALL YOU NEED IN ONE BOX 

A1V IMRWIIIIl/CMV, 

• * 
5 •» 3 $399 d e l i v e r e d 

TC-1 plus 

• OVER 1 0 W A T T S PEP OUTPUT. Crystal cont ro l led c o n t i n u o u s 
duty t ransmi t te r Spec i f y 439 25. 434.0. 426 .25 s landard or o ther 
70 c m f requency 3 Ireq. opt ion add S26 

• BASE. M O B I L E , or PORTABLE. Use the bui l t in AC supply or 
external 13.8 vdc. Do parades. Marathons. CAP searches, etc. 

• T W O V I D E O A N D AUDIO I N P U T S for camera. TVRO. VCR, or 
computer Wide bandwid lh lor broadcast qual i ty color v ideo a n d 
computer g raph ics Standard broadcast suhcarr ier sound wh ich is 
heard thru the TV speaker. 

• RECEIVE O N YOUR S T A N D A R D T V S E T t uned to channe l 3 or 4 
Sensit ive var icap tuned TVC-2L downconver te r covers s implex and 
repealer Ireq. over the whole 4 2 0 - 4 5 0 mHz 70 cm amateur band 

• ATTRACTIVE 1 0 . 5 X 3 X 9 C A B I N E T . 

CALL OR WRITE FOR OUR C A T A L O G or moro information on 
ATV antennas, transmit modules, cameras, etc oi who on in your area 
See chapter 14 1984 ARRL Handbook 

TERMS Visa. Mastercard, or cash only UPS CODs t>y telephone or mail 
Postal money orders and telephone or tiers usually shipped within 2 days Alt 
other checks must cl(j;ir bolort* shipment Transriiiltimj cqmpmifnl solM only 
lo licensed amateurs, verifiable in Ihe 1984 call book 

( 8 1 8 ) 4 4 7 - 4 5 6 5 m - f 8 a m - 6 p m p s t . 

P.C. ELECTRONICS 
T o m W 6 0 R G Maryann W B 6 Y S S 

% JOB? 
2 5 2 2 Paxson Lane 
Arcadia CA 9 1 0 0 6 

e- 183 

Free Antenna Accessories Catalog 

i Coaxial Antenna Relays 
Remote l y se lec t up to 9 an tennas 

I rom you r t ransmi t ter , us ing on ly one 
coax ia l cab le Env i ronmen la l i zed . h igh 
p o w e r a n d low loss 

W 2 A U and W 2 D U Baluns> 
O u r ba luns , c e n t e r insu lators a n d in 

su la lors have b e e n p re fe r red for 2 0 
years by Hams, indus t ry , and the a r m e d 
fo rces P r o t e c l against TVI a n d l ightn ing 
1 8 - 2 0 0 M H z % 

< W 2 V S Antenna Traps 
A d d t h e s e t raps to your d ipo le and 

get l ow S W R o n 2 to 6 b a n d s , depen -
d ing o n h o w many you add. An tenna 
w i re a n d c u s t o m k i ts a lso avai lable. 

Send For Yours Today > 
Don' t de lay Cal l o r wr i te today , a n d 

w e wil l s e n d y o u f ree l i terature w h i c h 
fully d e s c r i b e s our Hain an tenna ac-
c e s s o r y p r o d u c l l ine 

Dealer Inquir ies a lso w e l c o m e . 

uiusnxA/Rcvco/muni 
: A Oivi'.mn ol ftlicruw.n 

6743 Klnno St.. East Syrocuso, NY 1305? 
Toll Free 1-B00-44B-1E66 TWX 710-541-0493 

NYmllAKtCnnodn (Collect) 315-437-3953 

Item description quantity 
cabinet panel, tront 1 

and panel, rear 1 
heatslnk cover, bottom 1 
enclosure bracket, mounting 1 

heatslnk, 15 inches, Thermalloy No. SI30 1 
AI-A4 amplifier, RF, 150 watt 4 
CBf circuit breaker, 60 amps, Alrpnx 1 

No. UPGX6-I.52-503 
CR10I.CRI02 1N4002 diode 2 
FL1-3 Utter, tow-pass 3 
11 tamp, LED red, Monsanto No. MV5053 1 
11 lamp, LEO green, XC556-G I 
J1.J2 connector. Amphenot No. S 0 2 3 8 2 
J3 connector. PT7, Cinch No. S-302-AB 1 
J4 connector. DC power, H.H. Smith No. 269RB I 
K1.K2 transmlt/rccoivo relay. Guardian 

No. I365PC-2C-12 VDC 2 
Ml meter, 0-60 amperes 1 
R101, R102 resistor, non-inductive, 12 ohm, 25 watt 2 
R103 resistor, non-lnductlvo. 100 ohm, 10 wai f 1 
HI04,m05 resistor, 390 o h m . 1/2 wall 2 
rtoi .no2 divider/combiner 2 

TIR PC board I 
cables, various, 50 ohm 16 
lockwashor. No. 4 95 
screw. 4/40 x 3/8-lnctl round 24 
screw, 4/40 x 1/2-lnch round 7 
screw, 4/10 x 5/1B-tnch round lb 
screw. 5/32 x 5/16-fncft Ho 1 10 
screw, S132 x 5/16-Inch round 6 
spacer, l/4-lnch 7 
slondott. lotion. Useco No. 1456 3 
washer. No. 4 Hat 48 

TSt thormat switch. 
Thetm-e-dlsc No. CLR ISO' 1 

f ig . 6B . Parts list f o r overa l l a s s e m b l y . 

single band operation, a single low-pass filter was in-
stalled. If you want to use yours on more than one 
band, you can build the three filters described in the 
parts list and use them externally. If you decide to do 
so, be careful not to operate the amplifier on the 
"wrong" band for the filter used; doing so can cause 
permanent damage to the amplifier, It will also be 
necessary to delete the built-in filter unless you install 
the 15-20 meter filter internally and use the two other 
filters externally. The built-in filter will automatically 
pass both other bands if left in permanently. 

conclusion 
Although a complete and detailed parts list, in-

cluding schematics and PC board layouts (see fig. 7A, 
B, C), has been provided, this article is intended for 
use by the licensed Radio Amateur only. Additional 
information can be provided by the author at the 
reader's request by mail only, provided the request is 
accompanied by a copy of a valid Amateur Radio 
license and a SASE. No other inquiries will be 
answered. 

This amplifier was designed to be used on 
160/80/75/40 and 20 MHz. Any attempt to extend the 
frequency range will most likely result in the destruc-
tion of the RF power transistors. 

Parts for this project are available from the author 
at $495.00 for all parts included in the parts list, or 
$339.00 for all listed parts except transistors. Only one 
filter (for 15/20 meters) is included in these packages. 
Contact Frank Kalmus, WA7SPR, 7016 NE 138th 
Street, Kirkland, Washington 98034, for information. 
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FORECASTER 
earth stonehocker, K0RYW 

more on 
ionosphere matching 

A method of tailoring an anten-
na system for maximum signal at a 
DX location was presented in last 
month's column. A short computer 
program for determining the angle of 
the maximum signal lobes from hori-
zontal antennas, for specific antenna 
heights above ground, was included. 

Correlating this take-off angle with 
distance requires a few calculations, 
however. For an approximation, first 
divide the distance between the trans-
mitting and receiving location (deter-
mined from a map with mileage 
markers or a globe) into equal interval 
hops. Then, using this hop distance, 
refer to fig. 1 to find the required 
departure (or take-off) angle. 

But how can you determine which 
of the several ionospheric heights pro-
vided in fig. 1 should be used? Sim-
ply refer to table 1, which indicates 
representative mid-latitude heights ap-
propriate for use at various times of the 
day. Using fig. 1 and table 1 for the 
computer program modif ications 
shown in fig. 2, you have sufficient 
information to determine the antenna 
height that will enhance your DX 
performance. 

To use table 1, add the increment 
(cumulatively) for each month be-
tween the months listed or subtract 
the increment after June. For example, 
the height of the ionosphere in March 
at noon local time is: 235 + (33*2) = 
301 km. For those who have a com-
puter, the MINIMUF 3.5 program can 
be used to obtain several useful oper-
ating parameters, including take-off 
angle (departure angle) for the path 
of interest.1 Modify the program by 
inserting the new lines indicated in 
fig. 2. 

This modification provides an hourly 
indication of MUF with great circle dis-
tance in kilometers, azimuthal bearings 
to station and take-off angle in degrees 
for the path. 

last-minute forecast 
The second week of the month is 

expected to favor DX on the high 
bands, with 10 to 30 meter perform-
ance correlating with the beginning of 
a more energetic flux and sunspot 
period for the year. Transequatorial 
propagation, enhanced by any geo-
magnetic field disturbances toward the 
end of the week, should provide the 
best openings of the month. 

Listen to WWV at 18 minutes after 
the hour for high values of the A and 
K indices. The last week will probably 
be best for low-band operation al-

though there is a probability that the 
geomagnetic field will also be dis-
turbed then. Work the stations while 
you can before the static builds over 
the coming months. 

No significant meteor showers are 
scheduled to appear in February. A full 
moon will occur on the 5th, with its 
perigee on the 8th. 

band-by-band summary 
Ten meters will be open (local time) to 
the southeast for a short period before 
noon, to the south at noon, and to the 
southwest in the afternoon. The open-
ings will be longer and more frequent 
when the solar flux is at its 27-day 
cycle maximum. 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty should stay open on long 
southern paths into the night, while 15 
will drop out in the late afternoon. 
Operate 15 first and move down to 20 
meters. DX is 5000 to 7000 miles (8000 
to 11,200 km) on these bands and one-
long-hop transequatorial propagation 
is also possible even more often than 
on 10 meters. In addition transequa-

table 1. Approximate diurnal height of ionosphere during the year. 

local time: 
height (km): 
increment: 
month: 

midnight 
all 283 

6 A.M. 
265-290 

5 
January 
- June 

noon 
235-400 

33 
January 

June 

6 P.M. 
225-310 

30 
Equinox 
- June 

12 16 20 24 28 32 36 40 44 4B 525860 70 BO 
ANGLE Of DEPARTURE DEGREES. A 

fig. 1. Transmission curves showing vertical angles. 
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652 H 2 = - l 76+-I 1490/M21 
653 REM CALC T . p . ANGLE 
654 Q5=ATN(H2/Q4) 
655 06=Q5»R1 t 

695 PRINT "GREAT CIRCLE DISTANCE, XMTR TO RCVR=»,Ql 
696 PRINT "GREAT CIRCLE BEARING=" ,F , "OR" ,F1 
698 PRINT "TAKE OFF ANGLE="»Q6 

I 

1071 Q l=G1»R1*111 .12 
1072 J1 = 0 
1073 IF Q K 4 0 0 0 GO TO 1080 
1074 J l = l 
1075 02=01 
1076 FOR J l = l TU 6 
1077 02=02-4000 
1078 IF «2<4000 GO TO 1080 
1079 NEXT J1 
1080 Q3=Q1/(J1«-1> 
1082 04=Q3/2 
1085 K 6 = l . 5 9 * G l 

% 

1115 F3=100 » 
t 

1271 REM CALCULATE BEARING. XMTR TO RCVR, F 
12 72 E = ( S I N ( L 2 I - ( S I N 4 L 1 > * C 0 S ( G 1 > ) ) / I COS(L I»* 51N(G1») 
1274 F-=AC S ( E I *R I 
1276 F l = 3 6 0 - F 

1772 F2=G2/M9 
1774 IF F2>F3 THEN 1779 
1776 F3=F2 

1782 G3=G2 
1784 M2 = G3/F 3 
1786 IF M2>2.2 GO TO 1790 
1788 M2=2.2 » 

; fig. 2. Modified MIN IMUF 3.5 program listing. 

torial propagation will favor evening 
hours during periods of high solar 
flux and disturbed geomagnetic field 
conditions. 

Thirty and forty meters are both day 
and night bands. Intermediate dis-
tances (1000 to 1500 miles or 1500 to 
2200 km) in any direction represents 
daytime DX. Nighttime DX on these 
bands may be expected to offer 
greater distance paths than on 80 
meters and, like 80, fol low the dark-
ness path across the sky. Reduced 
midday signal strengths and distances 
may occur on days of high solar flux 
values or periods of anomalous ab-
sorption, with 30-meter openings dis-
appearing in the pre dawn hours on 
the morning after a high solar flux 
value has occurred. 

Eighty and one-sixty meters will exhibit 
short-skip propagation during the day-
light hours and lengthen for DX at 
dusk. These bands fol low darkness, 
opening to the east just before your 
sunset, swinging more to the south 
near midnight, and ending up in the 
Pacific areas during the hour or so 
before dawn. Except for daytime short-
skip signal strengths, high solar flux 
values hardly affect these bands. On 
some days, however, the condition 
known as anomalous absorption will 
d imin ish day and n ight signal 
strengths. The 160-meter band opens 
later and ends earlier. 

reference 
1. Robert B. Rose, K6GKU, "MINIMUF: ASimplif ied 
MUF Prediction Program for Microcomputers," OST. 
December, 1982, page 36. 
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the high-tech repeater: 
designing and building 

an FM translator 
Modular construction 

simplifies assembly, 
operation, and 

maintenance 

In "L inear Translators," I ham radio, September, 1983, page 14) 
James Eagleson, W B 6 J N N , described narrowband techniques useful 
in the design of improved FM repeaters. This article extends that dis-
cussion to include the design of lossless feedback amplifiers w i th low 
SWR and low noise f igure; theory, design and performance of the 
valid signal detector; techniques for ident i fy ing a translator; and site 
selection and sensi t iv i ty / t ransmit power considerat ions for pu t t ing 
up a co-channel repeater, — Editor. 

The 146.34/94 repeater designed and built by the 
Sierra Amateur Radio Club in Ridgecrest, California, 
is not actually a repeater, but rather an FM translator. 

In a generic sense, translators are repeaters, in that 
both perform similar functions. Both translators and 
repeaters receive signals on one frequency and re-
transmit them, with increased power, on a second 
frequency. 

There are important differences, however. A re-
peater is a transmitter with its audio input connected 
to the audio output of a receiver. A translator, on the 
other hand, heterodynes the received signal to the in-
termediate frequency (IF), amplifies it, and then 
heterodynes it to the transmit frequency. In a trans-
lator, the signal never exists as audio. 

The primary advantage of true repeaters is that they 
can be built from surplus or otherwise easily obtainable 
parts. Translators — often representing the "state-of-
the-art" — must be custom-designed and custom-built 
from parts that are likely to be more costly and perhaps 
difficult to find. But because translators offer improved 
performance and excellent signal quality, we opted to 
design a translator rather than a repeater and accept 
both the increased challenge and expense. 

Design and construction of the translator was a 
shared effort. Although John Piri, WD6CSV, and I 
were responsible for overall system design and con-
struction, Chuck Swedblom, WA6EXV, took charge 
of design and construction of the identifier. Ron 
Skatvold, WB6VXI, designed and built the transmit 
power amplifier. George Kreager, KB6HC, was re-
sponsible for construction of the transmit and receive 
filters, and Elvy Hopkins, ND6Q, designed and super-
v ised c o n s t r u c t i o n o f t he an tennas , feed l ines, and 
masts. 

Many others assisted with general planning, fre-
quency choice, site selection, and innumerable addi-
tional details. The project, from initial conception to 
installation and operation, took approximately 10 
months. 

translator design: overview 
The translator was designed and constructed as 

seven modules, as shown in the block diagram of 
fig. 1. These modules include the down-converter, the 
IF section, the up-converter, the power amplifier, the 
control module, the valid signal detector, and the 
identifier. The down-converter receives the signals 

By Ken Wetzel, WA6CAY, 9621 Erskine Drive, 
Huntington Beach, California 92646 
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f ig. 1. Block d iagram of translator. No audio circuits are used in this 2 -meter F M repeater. 

passed by the input filter and heterodynes them to the 
21.4 MHz IF. The IF section filters and amplifies these 
signals. A total of 10 poles of crystal filtering are in-
cluded so that the only signals retransmitted are those 
originating in the translator's input passband. The IF 
section provides the major amount of amplification, 
with over 100 dB of gain. The up-converter hetero-
dynes the IF signal to the transmit frequency. In addi-
tion, it has a crystal oscillator for inserting a substitute 
carrier during identification if there is none at the in-
put. The power amplifier amplifies the 10-mW signal 
from the up-converter to the 10-watt level. The identi-
fier controls the timing of the translator control and 
generates the identifier tones. The timers for identify-
ing the translator, timing out the transmitter, and set-
ting the code rate are included in the identifier. The 
identifier depends upon input from the valid signal 
detector. The valid signal detector samples the 21.4 
MHz IF to measure the signal-to-noise ratio of the 
signal in the IF passband. When the signal-to-noise 
ratio is above a preset level, the transmitter is turned 
on and the identifier starts timing. The control module 
controls both the transmitter and the carrier insertion 
oscillator. 

The sensitivity of the translator is very good — 
about - 125 dBm (0.12 microvolt) at the receive filter. 
Limited transmit power and directional antennas con-
trol the coverage area of the translator. 

operation 
The site selection study was carefully performed, 

taking into consideration the club's desire to have a 
semi-local repeater, the lay of the land, the distribu-
tion of population centers, and the location of existing 
repeaters. Briefly, the area consists of a very large 
valley surrounded on all sides by mountains rising to 
peaks 5000 to 8000 feet high, with population centers 
small and sparsely located. To serve the community 

and the major highway nearby, and to keep the 
repeater truly local, the site selection committee 
recommended that the translator be located not on 
a mountain top, but 200 feet above the floor of the 
southern end of the Indian Wells Valley, using north-
facing directional antennas. The site selection study 
showed that a balanced repeater — neither an alligator 
nor an elephant — with a transmit power of approxi-
mately 10 watts would cover the desired area. 

The site selected allows the translator to serve 
Amateurs using handheld transceivers in the Ridge-
crest area and those using proper mobile equipment 
transmitting 2 watts or more on the nearby highway 
for more than 50 miles. The only co-channel inter-
ference occurs with base stations operating in the 
overlap zone with a repeater to the north. No tone 
squelch is necessary because there are only one or two 
Amateurs in the overlap zone, and they generally use 
directional antennas. 

The translator was designed to provide high-quality 
signal reproduction indistinguishable from simplex. 
(Indeed, if the user's transmitter is slightly off fre-
quency, the translator output is off frequency a like 
amount.) On-the-air experience confirms that this goal 
was met; when the output is compared with the in-
put, no discernible difference can be heard. In fact, 
to the first-time user, the identifier is the only clue that 
there is a repeater on the channel. 

To keep the design simple the translator has a very 
short squelch tail, and no carrier tail at all. We were 
surprised to discover how many transient Amateurs 
were confused by the lack of the usual carrier tail. As 
an experiment we tried using the translator with a car-
rier tail. After a trail period of two months the club 
membership voted to remove the carrier tail; opera-
tion without it is so clean that the presence of the tail 
was actually a nuisance to local operators. 

The translator provides reliable coverage for 50 miles 
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fig. 2. Down-converter block diagram. The down-converter is designed for wide dynamic range. 

to the north. Because everything (except the backup-
power batteries) is solid-state and designed for reliabili-
ty, we have enjoyed excellent results. Periodic main-
tenance to service the nickel cadmium emergency 
power batteries and retune the crystal oscillators is 
scheduled once every two years. Only one failure, 
caused by the failure of a 2N2925 transistor in the con-
trol module, has occurred in seven years of service. 

down-converter design 
The down-converter, shown in fig. 2, consists of 

a crystal-controlled local oscillator, an RF preamplifier, 
an RF mixer, and the first stage of the IF amplifier with 
a 4-pole pair crystal filter. The IF chosen was 21.4 MHz 
because this was the highest frequency for which high-
performance crystal filters were readily available. This 
module was designed for weak-signal sensitivity in the 
presence of strong interfering signals. Because the 
transmitter and receiver operate simultaneously, the 
potential for intermodulation distortion is ever-present; 
•consequently, intermodulation performance was given 
high priority. Failure to avoid intermodulation distortion 

causes repeaters to respond to signals at frequencies 

other than the designed input frequency. W e also 

wanted to design the translator for superior inter-
modulation performance in order to reduce the prob-
lems of keeping cavities tuned "just right." 

For first-rate intermodulation performance it is 
essential to limit the gain before narrowband (crystal) 
filtering. For this reason, the preamp gain was limited 
to little more than 10 dB. In addition, a crystal filter 
was included as close as possible to the down-
converter mixer as well as at the end of the IF chain. 
Lossless feedback was employed with the RF preamp 
to achieve low SWR and low noise figure simultan-
eously. The interstage bandpass filter has 1 dB of 
insertion loss. The interstage filter includes a notch at 
the image frequency and another notch at the most 
prominent spurious response frequency. 

The RF mixer was also built from scratch. With a 
100-mW LO the conversion loss was less than 5 dB, 
and the third-order intermod intercept point was 
+ 23 dBm. The image-termination filter following the 

mixer represents a 50-ohm match at 21.4 MHz and an 
open circuit at 146 MHz. It also includes a short cir-
cuit at the RF + LO frequency, which gives better in-
termodulation distortion than a 50-ohm match at that 
frequency.' 

The crystal filter input impedance outside of its pass-
band is significantly higher than the midband value. 
Reflecting a high impedance to an amplifier seriously 
reduces the third-order intercept performance of the 
amplifier. It is, therefore, desirable to transform to a 
low impedance the above-nominal impedance re-
flected to the amplifier for signals outside the crystal 
filter passband. The impedance inverting property of 
a properly designed Pi network is desirable for this 
purpose. Certain L networks will also provide the same 
above-nominal impedance transformation, but the Pi 
network has the advantage of easy tunability with both 
variable capacitors returning to ground. For these 
reasons, all crystal filter impedance matching networks 
were of this design. 

When the down-converter was designed it did not 
include the lossless feedback amplifier and 5-dB 
attenuator. We found that the RF preamplifier and 
mixer could handle a weak signal in the presence of 
multiple high-level inputs. But the output impedance 
of the mixer would change from a 50-ohm match with 
input levels above - 1 0 dBm ( - 20 dBm at the input 
to the RF preamplifer), thus seriously degrading the 
passband flatness of the crystal filter in the presence 
of a strong off-frequency signal — in particular, the 
repeater output. An interstage amplifier with low noise 
figure, low intermodulation distortion, and a constant 
output impedance was needed. To keep distortion 
down, a low-gain amplifier was needed, but that im-
plies feedback to limit gain. To achieve low gain, low 
noise, and low distortion, a lossless feedback amplifier 
was the answer.2 Unfortunately, such amplifiers pass 
the impedance seen at the input to the output with 
little isolation. The 5-dB attenuator (fig. 2) was in-
cluded so that the crystal filter is presented with a con-
stant impedance with all RF input levels. The amplifier 
was designed with 6-dB gain, a low value in the in-
terest of improved intermod performance. The transis-
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fig. 3. RF preamplifier schematic. Inductive reactance 
emitter degeneration is used to improve the preamp 
input SWR without significantly degrading the noise 
figure. 

3/9" DIAMETER, 10 TURNS 
8 TURNS ON T30-6 CORE 

fig. 4. Single balanced mixer used in the down-converter 
and the up-converter. The transformers are wound on 
ferrite beads (HO = 64). The 30 nH and 5 pF variable 
capacitor comprise the fR F + f L 0 (314 MHz) termination 
impedance. 

tor was biased for high third-order intermodulation in-
tercept, and yielded better than a 3-dB noise figure. 
This design provides a good match for preserving the 
crystal filter passband flatness, and has low noise 
figure. Unfortunately, it does degrade the intermod 
distortion performance slightly. 

Noise figure and gain calculations showed that the 
noise figure of the first stage following the crystal filter 

was important. The best noise figure attainable with 
conventional amplifiers was approximately 5 or 6 dB, 
which was insufficient. The problem was that the 
crystal filter must have an impedance match to have 
a flat passband response. However, having a match 
with a conventional amplifier guarantees a poor noise 
figure.3 Again the solution was a lossless feedback 
amplifier for the IF amplifier following the crystal filter. 
By favorably biasing the amplifier for improved noise 
figure, a 2-dB noise figure was attained. A conven-
tional amplifier was cascaded with the lossless feed-
back amplifier for a net gain of 30 dB in the down-
converter. 

The local oscillator (LO) for the down-converter 
(and the up-converter) uses double-tuned interstage 
filtering to keep all spurious outputs in the LO output 
below 60 dBc.4 The local oscillator puts out 100 mW 
of LO power to the mixer. 

Figure 3 is the schematic of the RF preamplifier. 
The 2N3906 was included to control the collector cur-
rent through the 2N5109 independently of temperature. 
The 146-MHz preamp has 11 dB of gain. It achieves 
a 3-dB noise figure with an input SWR of approxi-
mately 2:1. The SWR of the preamp must be low so 
that the response of the RF input filter, which precedes 
the preamp, will not be distorted. Low SWR and low 
noise figure were achieved with lossless feedback. The 
lossless feedback was obtained with inductive re-
actance in the emitter of the RF transistor,5 which in 
turn determined the SWR. An SWR of nearly 1:1 is 
possible, but at the expense of the noise figure. The 
value of inductance chosen was a compromise be-
tween low noise and low SWR. 

Figure 4 is the schematic of the RF mixer. It was 
designed to convert an RF signal to the IF. To keep 
the intermodulation distortion down, 100 mW of LO 
power was applied to the mixer. The 390-ohm resistor 
develops a back bias voltage from the LO current flow-
ing through the diodes. This bias voltage increases the 
reverse voltage for the off state of the diodes, which 
allows a greater peak-to-peak RF input level for the 
same distortion level. A single balanced mixer, it re-
quires a diplexer to separate the RF from the IF, which 
share a common port. Generally a diplexer is com-
posed of high-pass and low-pass filter sections 
sharing the common port. However, it was consider-
ably easier to design and tune a diplexer made from 
series-tuned filter sections. This is acceptable in a fre-
quency converter for use in a repeater, where RF 
bandwidth is not a consideration. 

IF module 
The IF (21.4 MHz) was chosen to take advantage 

of readily available high-quality crystal filters. Although 
no problem has been observed, a higher frequency 
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fig. 5. IF module block diagram. This module is physically 
located in two separate enclosures. An additional 25 dB 
of IF gain is included in the down-converter enclosure. 

2N5I09 

reduce 3 turn windings to 1 or 2 turns. For lower noise 
figure increase 100 ohm resistor to 330 ohms. The 0.022 
nF capacitors are very small monolithic ceramics. 

would have made image rejection and spurious 
response suppression more effective. The IF section 
block diagram is shown in f ig. 5. More than 100 dB 
of IF gain was used, resulting in 20 dB of excess gain 
before limiting. The excess gain was desired to ensure 
that the limiter was hard limited under all conditions. 
It was not possible to put that much gain in one box 
without the risk of oscillations from feedback. To pre-
vent that from happening, the gain stages were dis-
tributed among three separate enclosures. The use of 
double-shielded interconnecting coax cables also mini-
mized coupling. 

Figure 6 is the schematic of the lossless feedback 
IF amplifier used on each side of the crystal filter. The 
two amplifiers differ only in the turns ratios of the 
transformers and the bias currents of the transistors. 
To keep the circuit physically small, the transformer 
cores were 0.100-inch diameter ferrite toroids with a 
permeability of 125. Considerable care must be used 
in the layout of this amplifier so that stray reactances 
do not degrade performance. This amplifier design is 
useful to about 50 MHz. 

The translator includes a limiter in the iF to main-

tain constant power level to the up-converter mixer. 
A 2-pole-pair crystal filter precedes the limiter to 
prevent off-frequency IF amplifier noise from sup-
pressing a weak signal in the limiter. The effectiveness 
of a limiter is degraded if limiting is not symmetrical; 
that is, if limiting of the positive and negative swings 
of the IF waveform are not equal. To achieve sym-
metrical limiting, a push-pull limiter was employed. By 
ensuring that the limiter is limited even on noise, there 
is no variation in translator performance with signal 
strength, supply voltage, or ambient temperature. 

We decided not to include SSB signal-handling 
capability for this repeater. The only changes 
necessary for passing SSB would be to use AGC in-
stead of limiting, and to use a linear transmit amplifier. 
A limiter was chosen to provide constant signal 
amplitude to the up-converter with minimum circuit 
complexity. If AGC were to be used instead, the 
amplitude components of a weak signal would have 
required a linear power amplifier to keep intermodula-
tion products from splattering across adjacent 
channels. 

up-converter 
Figure 7 is the block diagram of the up-converter. 

A 4-pole crystal filter was included just before the IF 
signal was up-converted to the transmit frequency. 
This guarantees that the only signals transmitted are 
within the transmit channel bandwidth.The up-con-
verter heterodynes the 21.4 MHz signal to 146.94 MHz. 

Because there are no audio circuits in the translator, 
the repeater cannot be identified in the usual manner 
of inserting audio tones into the modulator. In 
this translator the identification modulation is accom-
plished by frequency modulating the crystal-controlled 
local oscillator in the up-converter with the identifier 
tones. This conveniently adds the identifier tones to 
the user's signal. If no carrier is present during the 
identification time, a substitute carrier is inserted from 
a crystal oscillator. 

The up-converter mixer is identical to the mixer in 
the down-converter. It is very important to have a low 
distortion mixer in the up-converter so that spurious 
outputs are below the FCC limits. The IF amplitude 
was adjusted, with the limiter bias current, until the 
spurs were sufficiently below the FCC limits. This 
resulted in approximately 1-mW output from the 
mixer. Several stages of 146-MHz amplification were 
required to raise the 1 mW to the final 10-watt level. 
Most of that gain was provided by the power amplifier 
module. The power amplifier was designed as class 
C for high efficiency. 

When there is no input to the repeater, the output 
from the crystal filter in the up-converter is full-power 
noise. If the control module calls for the translator to 
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fig. 8. Piezo Tech 4 pole-pair crystal filter and matching 
networks. Found in up-converter. The 560 pF capacitor 
is omitted in the down-converter version. Careful tun-
ing resulted in better than ±0 .1 dB passband flatness. 

be identified when there is no input signal, the carrier 
insertion oscillator is turned on. Summing the full-
power noise and the carrier insertion oscillator signal 
would result in equal carrier power and noise power, 
which would give a 3-dB signal-to-noise ratio for the 
identifier. A PIN diode was used to block the noise 
coming out of the IF when the carrier insertion oscil-
lator is on. This diode attenuates the IF noise suffi-
ciently to yield about a 30-dB signal-to-noise ratio 
when the carrier is inserted locally. 

Figure 8 shows the up-converter crystal filter 
matching network. A small amount of the IF signal 
is sampled at the output of the crystal filter for use 
by the valid signal detector circuit. Sampling with a 
low-impedance tap minimized the effects of the high 
SWR of the PIN diode when it conducts. 

identifier/control module 
The control module controls the repeater operation. 

In addition to its obvious tasks, it controls the PIN 
diode switch and the carrier insertion oscillator to in-

sert a substitute carrier when needed for identification. 
The control module receives its inputs from the valid 
signal detector and the time-out timer. The valid signal 
detector, described in the following section, deter-
mines the signal-to-noise ratio of received signals. 
When the signal-to-noise is above a preset level, the 
transmitter is turned on and the time-out timer is 
started. The timer is reset on loss of carrier. 

The identifier controls the timing of the repeater and 
generates the identifier tones. The identifier uses the 
valid signal detector output for control. The timers for 
identifying the repeater, timing out the transmitter, and 
setting the code rate, were included in the identifier. 
Control for the timers comes from the control module. 

valid signal detector 
The valid signal detector samples the 21.4-MHz IF 

signal to measure the signal-to-noise ratio in the IF 
passband. The signal-to-noise ratio is measured by 
evaluating the amplitude variations in the IF signal. The 
IF signal consists of frequency modulated (FM) signals 
superimposed on amplitude modulated (AM) signals. 
The FM signals are the desired signals and the AM 
signals are undesired, usually noise. It can be easily 
appreciated that a clean FM signal will have no AM 
components in it, and that noise is composed of AM 
and FM components. What is not so evident is the 
strong AM components of noise after the signal is hard 
limited and bandpass filtered. A hard limiter converts 
any signal, even one with significant amplitude varia-
tions such as noise, into a constant power, wideband 
signal with no amplitude variations. After bandpass 
filtering to the original frequency and bandwidth, the 
signal will have constant power, but not necessarily 
constant amplitude.6 A noise-free FM signal will be a 
constant amplitude (and constant power) frequency-
modulated sine wave, but noise will be band limited 
noise with fluctuating amplitude with the same 
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average power level. After bandpass filtering then, 
hard-limited noise will once again have amplitude 
variations similar to the original noise. It is this 
characteristic that the operation of the valid signal 
detector depends upon. 

Figure 9 is the valid signal detector block diagram. 
The IF signal is sampled after the post-limiter crystal 
filter. The valid signal detector amplifies the IF signal 
and provides envelope detection. The envelope detec-
tor furnishes a voltage proportional to the instan-
taneous IF signal amplitude. As a result of the limiter, 
the IF power applied to the detector is constant. If no 
carrier is present, full power noise is applied to the 
detector, which produces a fluctuating DC voltage. 
In this case, the frequency components of the detec-
tor output extend from DC to 15 kHz, the IF band-
width. When a strong carrier is introduced, the limiter 
suppresses the noise so that the output of the detec-
tor becomes a noise-free DC voltage. It can be seen 
therefore, that the high-frequency components of the 
detector output correspond to the sidebands of a car-
rier, either A M sidebands or noise. In theory, and in 
practice, any incidental A M on an FM signal is limited 
to roughly 3-kHz bandwidth. Therefore, the signal-to-
noise ratio of a received signal can be determined by 
measuring the amplitude of the 10- to 15-kHz com-
ponents of the envelope-detected signal. 

The components resulting f rom the noise level are 
extracted by high-pass filtering of the detected signal. 
The detector following the high-pass filter then pro-
vides a DC voltage level inversely related to the signal-
to-noise ratio. Actually, the DC level is equal to a con-
stant minus the received signal strength, but for prac-
tical purposes it provides a very good approximation 
to signal-to-noise ratio. The threshold for the com-
parator in the valid signal detector has significant 
amount of hysteresis. Hysteresis was included so that 
any signal that brings up the repeater is workable, but 
a fading signal will not be cut off until the bitter end. 

The valid signal detector has provided outstanding 
service. It is so effective that even weak signals reliably 
bring up the translator, but noisy, uncopyable signals 
are virtually never heard. The only problem that 
occurs is with signals with severe multipath distortion. 
Multipath distortion can create a poor signal-to-noise 

ratio during modulation, even though the signal has 
acceptable signal-to-noise ratio when not modulated. 
This occurs when destructive interference causes 
notches in the signal amplitude at several frequencies 
in the modulation bandwidth. The result is a drop in 
the signal strength during modulation, and the reduced 
strength of the modulated signal does not have suffi-
cient signal-to-noise ratio to keep the translator on. 
When this happens, the person transmitting brings up 
the translator whenever he or she pauses, but gets cut 
off as soon as he or she speaks. Such signals are 
unintelligible anyway; it just sounds like the valid signal 
detector is unnecessarily cutting off a copyable signal. 

input/output filters, antennas 
The RF input and output filters were constructed 

from a design put forth by Tilton.7 The filters provide 
a 50 dB notch at the rejection frequency with a 1 dB 
insertion loss. This is identical to the performance 
predicted in the reference, even though silver plating 
was not applied as in the original filters. To enhance 
the output-to-input isolation for the repeater, separate 
transmit and receive antennas, spaced about 70 feet 
apart, were used. The antennas are surplus commer-
cial five-element Yagi antennas. To retune to the 
Amateur band, we set up a ground effect antenna 
range8 and found we could achieve the same gain as 
the original f ive-element antennas with only four 
elements, using the original boom. The side lobes with 
four elements were slightly stronger than with five 
elements, but still met our requirements. 

squelch/carrier tail considerations 
A few comments on the operational characteristics 

of this repeater are included here for the benefit of any 
who might seek to advance FM translator design. 
When the translator was designed we understood that 
pure noise out of the IF would cause intermodulation 
products in the class C power amplifier. For that 
reason the valid signal detector squelch response time 
was made short — around 50 ms. When someone 
listens to a weak signal on a frequency up to 1 MHz 
away while there is a conversation going on over the 
translator, the noise burst at the end of each trans-
mission through the translator blanks out the weak sta-
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tion for the duration of the squelch tail. It turns out 
that this phenomenon is not particularly noticable: it 
has not been noticed, even in locale in which almost 
all 2-meter activity is weak-signal work. 

It appears that the main annoyance is the 
translator's emission of a full-bandwidth (15 kHz) noise 
burst at the end of each transmission. The typical 
squelch circuit in the user's receiver responds to this 
noise burst in the same way it would if there were no 
carrier on channel and squelches the receiver audio. 
That is then followed by a clean carrier tail that un-
squelches the radio. After the carrier tail times out, 
the user's radio again squelches. The result at the 
user's receiver is two squelch bursts for one end-of-
transmission. (This phenomenon does not occur with 
a conventional repeater because its audio stages limit 
the bandwidth of the noise burst so that the typical 
squelch circuit will not respond.) Solving this problem 
with translators is not easy; it will occur with class C 
and linear power amplifiers alike. One temporary solu-
tion is to make an inordinately long carrier tail so that 
the second burst is likely to be taken up by another 
user; any suggestions from readers for providing a 
clean carrier tail would be appreciated. 

conclusion 

This article has outlined the objectives and results 
of a project for the design and construction of a 
translator/repeater. Designed and constructed entirely 
" f rom scratch," the repeater has met all performance 
goals and has operated with minimal service for 7 
years. Any comments or suggestions from readers will 
be appreciated. If you wish to receive a response, send 
an SASE to the author at the address at the beginning 
of this article. 
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NEWI products 
hi-res color SSTV converter 

A new Miijh r 1 i(!M color SSTV converter 
lias been added to Robot's line of Amateur Radio 
products. Designated the Model 1200C, it is ca 
pable ol transmitting color video images said to 
rival broadcast television in picture quality. The 
Model 1200C has three selectable 6 bit memory 
planes that combine to lorn) 262,244 color com 
binations in a 256 - 240 line full screen display. 

Eight different black and white and colot trans-
mission formats are available with automatic se 
lection on receive. Up to six separate pictuies 
may be stored in memory. The unit accepts color 
or black and white composite video from sum 
dard TV cameras and has RGB, composite or 
RF modulated video output. 

One distinctive feature of the Model 1200C is 
the 8-bit parallel I/O ports for computer inter 
lace. This allows total access to each individual 
pixel by a host computer fot image processing, 
transformation, storage and recall, and graphics. 
This port also allows the connection to a printer 
for black and white or color haid copy picture 
printing. 

The Model 1200C features touch sensitive 
front panel switches for full station control and 
several automatic functions (or unmatched ease 
of use. Fine tuning, speed switching and color 
or black and white detection are automatically 
accomplished without operator intervention 

For further information, contact Robot Re 
search. Inc., 7591 Convoy Cowl, San Diego, 
Calilornia 92111. 

Circle /175 on Reader Service Card 

bandpass duplexer 
Sinclair Radio Laboratories' new P 4440E com 

bines the low loss of a Res Lok aperture-coupled 
liltei on transmit with the high selectivity ol a 
combiner filter on receive, making it an ap 
propriate choice for single antenna operation ol 
trunking or cellular base stations. The Res Lok 
lour cavity bandpass section has typically O.'j dB 

insertion loss and provides nearly 50 dB of noise 
suppression, which, when added to the typically 
35-40 dB noise suppression provided by most 
cavity ferrite transmitter combiners, provides 
nearly 90 dB noise suppression overall. The six 
pole comb line filler on the teceive side provides 

a a 3 f * W s ; , 
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over 85-dB carrier suppression, a figure which 
is more than adequate for most system applica-
tions. In addition, both the transmit and receive 
bandpass windows are a full 15 MH<: wide, a fa::t 
which allows sparing of this component on a 
multi-site basis without the need to have facilities 
for retuning. 

For lurthet information, contact Sinclair Radio 
Laboratories Inc., 675 Ensmmger Road, 
Tonawanda, New York 14150. 

Circle #312 on Reader Survinn Card. 

remote coax switch 
A remote coax switch for convenient switch 

ing ol up to four antennas is now available I ron 
Heath. It mounts easily on a tower or mast arid 
consists of a remote RF switching unit and an 
ipdoor control unit. The two units are connected 
by a single coaxial cable which handles both RF 
and control signals. The remote unit is rain tight 
and mounts with a single clamp. The control unit 
contains the power supply and provides switch 
ing signals to the remote unit. The HD 1481 
switch handles 2000 watts PEP with a VSWR 
of 1.15:1 or less below 30 MHz. 

For complete details and/or to receive a free 
copy of the latest Heathkil catalog, contact 
Heath Company, Benton Harbor, Michigan 
49022. 

Circlo /308 an Reactor Survico Card. 

"Decode-A-Pad" 
The Engineering Consulting touch lone to 

RS 232 C interface foi home computers allows 
reception ol all 16 DTMF louchtones as fast .is 
they can be transmitted. The computer does all 
the work at 300 baud; each digit is displayed as 
it is transmitted. With the Decode A Pad, you 
can receive coded strings, decode any number 
of digits, and program as many multi-digit codes 
as you want all in BASIC. Sample programs 
to get you started are included in the puce. 

Now you can use your handheld radio to con 
trol your computer, which can then be used lo 
control your remote base or turn on and off 
relays, for example. 

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2-30MM* 12V f = 28V) 
M.llmc i , i • f , • 

MRF40B 20W S 14.50 S32.00 
MRF412 SOW 18.00 40.00 
MRF412A 80W 18.00 40.00 
MRF421 100W 25.00 54.00 
MRF421C n o w 27.00 58.00 
MRF422' t50W 38.00 82.00 
MRF426" 25W 17.00 40.00 
MRF426A 25W 17.00 40.00 
MRF433 13W 14.50 32.00 
MRF435* 150W 42.00 90.00 
MRF449 SOW 12.00 27.00 
MRF449A 30W 1 t o o 25.00 
MRF450 SOW 12.00 27.00 
MRF450A 50W 12.00 27.00 
MRF453 60W 15.00 33.00 
MRF4S3A 60W 15.00 33.00 
MRF454 SOW 16.00 35.00 
MRF454A 80W 16.00 35.00 
MRF4SS 60W 12.00 27.00 
MRF455A 60W 12.00 27.00 
MRF458 SOW 18.00 40.00 
MRF460 60W 16.50 36.00 
MRF475 I2W 3.00 9.00 
MRF476 3W 2.50 8.00 
MRF477 40W 13.00 29.00 
MRF479 15W 10.00 23.00 
MRF485" I5W 6,00 15.00 
MRF492 90W 18.00 39.00 
SRF2072 75W 15.00 33.00 
CD2545 50W 24.00 55.00 

VHF TRANSISTORS 

MRF221 15W S10.00 _ 
MRF222 12W 12,00 — 

MRF224 40W 13.50 S32.00 
MRF231 3.5W 10.00 — 

MRF234 25W 15,00 39,00 
MRF237 t w 2,50 — 

MRF238 30W 12.00 — 

MRF239 30W 15.00 
MRF240 40W 16.00 — 

MRF245 BOW 25.00 59 00 
MRF247 BOW 25.00 59 00 
MRF260 SW 6.00 — 

MRF264 30W 13 00 — 

MRF492 70 W 18.00 39 00 
MRF607 I.8W 2,SO — 

MRF627 0.5W ' 9,00 — 

MRF641 t s w 18,00 — 

MRF644 25W 23 00 — 

MRF646 now 24.00 59 00 
MRF64B BOW 29 50 69 00 
S D 1 4 I 6 BOW 29,50 
SD1477 125W 37.00 — 

2N4427 1W 1,25 — 

2N5945 4 W 10.00 — 

2NS94S tow 1 J no 
2N6080 4W 6.00 — 

2N6081 I5W 7.00 — 

2N6082 J5W 9.00 — 

2N6083 30W 9.50 — 

2N6084 40W 12.00 28 00 
TMOS FF.T 

MRF137 30W 522,50 
MRF1 38 30W 35,00 — 

MRF140 I50W 92 00 — 

MRF150 I50W 80.00 — 

M R F I 7 2 BOW 65.00 — 

M R F I 7 4 m w 88.00 — 

f i x / i P h . j 
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NEMAL ELECTRONICS INTL.. INC. 
i your one stop coax supplier! a H M B B H 

SATELLITE CONTROL CABLE . 
5TYPES AVAILABLE! I N E W ! ! ! L o w e s t L o s s ] 

TYPE 1 
,r,f!'»ui ivpev 

TYPE 2 Mil. TYPE 3 
ur.'.T -0 sf,T .• m;vHmt 
(«**- 1Ttfvi H'lC Ul̂ rt lii ,.1 

'a ;tuivjr 
•a -»-<' 

< y I HM-IH»-I|» .'a i ŝ̂  i* ilis-j' 
"J iviC.t.f t j .".'(",t\-t* [iliri 

:>,-» ftiif' i a 
'nw.licviif 

55c 
FT 

75c 95c 79C 89C :T FT 
C*ll tot 1000 I T pricing 

f) Nljfllilt *;1 If I'm tjuanlv rim1,!'! 
ij.lufl'1 ' l.niiui'n". tumtitl !'l"< . 

HG64 u <. 
m'l j Hue !" 

HARDLINE 
T w o s t y l e s , t w o s i z e s l o r all I n s t a l l a t i o n n e e d s 

• Aluminum Outer Conductor with Polyethylene Jacket 

Iff melt toss 48 dll/100 It M 30 MHz 
3.68 an/loo it # tooo mm si m \ 

7/8 well loss 28 cm/100 II i,t 30 MH; 
2 54 dll/100 it tt 1000 MH/ S3 25/H 

• Corrugated Copper Ouler Conductor with Polyethylene 
Jacket 

1/2 inch loss 38 (IB/100 II ill. 30 MH/ 
iaC12-50J| 2 78 llB/100 II lit 1000 MHz SI 59/11 
7/8 inch loss 13 1)0/100 II (it 30 MH/ 
ULCK'/M I 3 (IB/100 II # 1000 MH/ S3 92/11 

COMPARE RG 213 1 25 (18/100 <<t 30 MH/ 
8 5 dB/100 <{'!• 1000 MH/ i 

HARDLINE CONNECTORS 
1/2 inch aluminum UHF M/F SI900 Type N M/f S22 00 
7/8 inch aluminum UHF M/F S4900 typo H M/F S49 00 
1/2 inch copper UHF M/F S22 00 type N M/F S22 00 
7/8 inch copper UHF M/f S4S 00 Fype N M/F SJ9 00 

shipping 
C a b l e - S6.00 per too It. 
Connectors — S3.00 per order. 
Orders under S20 odd S2 additional plus shipping. 
Charge card — o rde rs over S30 onty. 
COD add S2.00. Florida Residents add S%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL. CABLEWAVE. COLUMBIA. KINGS 

BLONDER-TONGUE. TYTON. B&K 

• COAXIAL CABLE • SMATV PRODUCTS 
• MULTIC0N0UCT0R CABLE • COAX-SEAL 
• CONNECTORS-ADAPTERS • COMPUTER CABLE 
• HARDLINE • CHIMP TOOLS 
- CABLE TIES • FIELD STRENGTH METER 

COAXIAL CABLE SALE 
POLYETHYLENE DIELECTRIC 

nr. 8/U 96% shield Mil Spec IS29 00/1001 or 3t'/!t 
RG11U 96% shield 75 ohm nu spec 25VII 
HGMB/U doiiWc Shield (FIG 56 si/o) 50 ohm J5"/ll 
HGSBU mil spec !J6tt shield (S!000/1001 or IIVH 
RG67A/I1 96% shield mil spec 93 ohm I2'/I! 
RBI74/U mm 50 !.' mil spec Will 
RG213 noncoiitaminatinfj 9614 shield mil spec 36'/tt 
RG214/U douhlo silvel shield M ohm SI B5/II 
RG214/11 tinned coppei 65*/ll 
RG217/II doulile shield 5011 5If (ID 85-/II 

LOW LOSS FOAM DIELECTRIC 
HO 8X (Mini 8) 95% slue id ($15.00/100) ot I7'/It 
FtGBU 8Mb shield ($19 00/100) ot 22'/n 
RG 8/U 97% Shield II l|u (Cll llclden 8JI4| 31VII. 
RG58U 80% shield 07VII 
HG58U 95% shield I0</II 
HG59/U too* toil shield IV tree W/II 
RG59/U 70* eo]i|iel shield 09VII 
HEAVY DUIY ROtOR CABLf 2 16 (|,i 6 20 i)a 36-/II 
WWW cablc ? 11! tja 6 ?2 ga Paly tnilial Jkl I9'/Il 
Complete hoe ol ritullicnndoclor cables available 

CONNECTORS MADE IN USA 
Ariiplwiol PI. 259 89' 
f>L 259 and/or SO 239 65' ca oi 10/55 99 
Double Male Conoecloi SI 79 
PI 25B Double Female Ciiiiiiedor 98' 
PL 259 Silver tcllon Kinu'. SI 59 e.i 
Reducer UC-175 111 176 22'or 10/52 00 
UG 255 (Pt. 259 10 HHC| S2 95 
I'lhuw IM359) till! Fllinw SI 79 
F59A (FV type) ?J' or 10/S2 00 
UG 21 D/U type N Male loi HG8. Amphcnnt $3 00 
UG 88C/U I1NC Male lot HI, 58 Aolllheliol SI 25 
IK) 273 BNC PI 259 Ainillienul S3 00 
3/16 inch Mike Mint tin Collins etc (cutnlll SI 25 
shipping 
Cable - S3.00 per 100 It. 
Connectors add 10%. S3.00 minimum. 
Orders underS20 add S2 additional plus shipping. 
Charge card — orders over S30 only. 
COD add S2.00. Florida Residents add 5".i. 

12240 N.E. 14th Ave. |NST0Ck 
No. Miami, FL 33161 Vt.EN"E!" 

Telephone: (305) 893-3924 - iee 

GROTH-Type 

TC2 $12.50 
TC3 $13.50 
Spinner Handle 

Add $1.50 
Prices include UPS 
or Parcel Post in US 

• 99.99 Turns 
• One Hole 

Panel Mount 
• Handy Logging Area 

• Spinner Handle Available 
Case: 2x4"; shaft %"x3" 

Model TC2: Ski r t 2-1/8 
Knob 1 - 5 / 8 " 

Model TC3: Skir t 3" , 
Knob 2 - 3 / 8 " 

R. H. BAUMAN SALES 
P.O. Box 122, Itasca, III. 60143 

SAY 
YOU SAW 

IT IN 
ham.-radio matjaimu 1/) . / ! 

products 

The Model DAP1 is priced at $89.95, which 
includes domestic shipping. 

For details, contact Engineering Consulting. 
583 Candlewood Street. Brea, California 92621. 

Circle /107 on Render Service Card. 

vented actuator boot 
The new QIK-PRO Boot from Paullin In-

dustries offers improved actuatot protection 
against condensation w i th new top and bottom 
" f l ow - th ru " vents to relieve moisture. These 
boots, custom-designed (or satellite actuators, 
are made of neoprene rubber wi th self-retrieving 
folds for longer life and improved ice removal. 
The extra long life is the result of a heat curing 
process that provides the highest infra-red, 
ozone, and ultraviolet test ratings. 

The QIK-PRO Actuatot Boot has been 
redesigned to fit 1 1 / 8 x 2-1 /4- inch actuators 
wi thout adapters. Two lies are provided to seal 
the boot tighter, protecting the actuator equip 
ment against moisture, dust, ice and rain. 

For more information, contact Paullin In-
dustries, 1446 State Route 60, Ashland, Ohio 
44805. 

Circle /307 on Reader Service Card. 

new Hamtronics6* catalog 
The 1985 mail order catalog from Hamtronics 

features 40 pages of items of interest to the 
VHF/UHF/OSCAR enthusiast. Both new prod 
ucts - including a simplex autopatch kit, a re-
peater COR w i th couitesy beep, GaAs FET re 
ceiver preamps, active antennas for scanners, 
and repeater PA kits - and the f irm's already 
popular lines o l FM and A M receivers arid 800 
MHz scannet converters are described. 

Fot a free copy, contact Hamtronics, Inc.. 
65 F Moul Road. Hilton, New York 14468 9535. 
(For overseas mailing, please send $2 or 4 IRCs.l 

Circle /154 on Reader Service Card. 

Larsen's FB2-450 
Larsen's new FB2-450 antenna features an ex 

elusive Kulrod T , M teflon coated finish for cor 
rosion resistance and improved performance. 
The l ightweight, fixed base antenna is said to 
offer a reliable, euununiical alternative to larger 
base station antennas for a variety of base sta 
(ion applications. 

The 5 /8 ovei 1 2 wave collinear wh ip w i th 
four integral ground plane radials delivers 4.5 dB 
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gain, compared to a 1 /4-wave antenna on a suit-
able ground plane. The FB2-450 operates in the 
450-470 MHz frequency range and ensures low 
loss with "N" type hardware. It comes complete 

i 
with bracket and hose clamps for mounting on 
a 1-1/2 lo 2-1/2-inch diameter pole. 

For more information, contact Larsen Anten-
nas, P.O. Box 1799, Vancouver. Washington 
98668. 

Circle #306 on Reader Service Cnrd 

direction finding accessory 
for V H F / U H F receivers 

Doppler Systems' latest line of radio direction 
finding units operates with any narrowband FM 
receiver in the 27 lo 500 MFU range to provide 
fast location of interfering signals. No receiver 
modifications are' required the direction finder 
connects to the receiver's antenna and exiernal 
speaker jacks. 

DOPPLES SYSTEMS 

-/ rr r" •. 0 

SIS 43 

-170 » 10 -

Four modes are available, providing a range 
of optional display and remote output leatures: 
a 16 LED compass rose; a 3 digit bearing in 
degrees; an RS232C output for compiler 
analysis, triangulation, datalogging, etc.; and 

AT LAST A MINIATURE 
BASE STATION AT A 
MINIATURE PRICE.. . 

The MX-15 is a 15-meter band SSB/CW hand-held transceiver. II 
measures only IVV (D) x 2Mi" (H) and offers 300mW for SSB 
and CW operation. A single-conversion receiver employing a 
MOS/FET fronl-end offers clear and sensitive reception. As a 
base or portable station, the MX-15 offers an unlimited challenge 
in QRP operation. Additional accessories are available to extend 
your operation. 

from factory direct or HENRY RADIO 
ity and i 
(800) 4 2 1 - 6 6 3 1 

$ 1 2 9 . 9 5 w * r 

ACCESSORIES SUPPLIED 
Standard Frequency crystal of your choice 
6 pc. AAA Batteries 
DC Cable 
Instruction sheet 

ACCESSORIES AVAILABLE 
MX Channel crystal.. . . (Standard Frequency) 
MS-1 External Speaker-Microphone 
Noise Blanker Kit 
NB-1 Side Tone Kit 
SP-15 Telescoping antenna 
2M2 DC-DC Converter set 
PR-1 Mobile Rack Kit 
VX-15 External VXO (one crystal supplied) 
PL-15 10W Linear amplifier 

S7.00 
S23.50 

S6.50 
$11.50 
$19.50 
S17.50 
S23.50 
S53.50 
S89.50 

x' 164 

VOICE OPERATED SQUELCH 
f i t s i n s i d e m o s l H F - S S B t r a n s c e i v e r s 
R e q u i r e s h u m a n v o i c e to a c t i v a t e 
I g n o r e s s i a l i c , n o i s e a n d h e t r o d y n e s . 
O n / o f f s w i t c h o n l y — n o a d j u s t m e n t s ! 
C o n n e c l s to a u d i o l e a d s a n d 9 1 2 V D C 
Fu l l y a s s e m b l e d a n d t e s t e d $ 9 9 . 9 5 , 
C o m p l e t e w i t h c o m p r e h e n s i v e m a n u a l 
U s e d w o r l d w i d e in c o m m e r c i a l a n d m i l i t a r y 
t r a n s c e i v e r s 

^ 125 
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short circuits 
microstrip program 

In K8UR's "Microstrip Impedance 
Program," (December, 1984, pages 
84-86) corrections should be made to 
lines 230 and 280 of fig 1. Line 230, 
ER [ - .0724 should read ER I - .0724. 
In line 280, ] - .5) should read I - .5). 
Line 80 in the HP67 program listing 
(fig. 2B) should read: 

hy* 35 63 

trap antenna 
In W4MB-S article "design your own 

trap antenna" (October, 1984, page 
37) the formula for Z„ should be cor-
rected to read as follows: 

Z„ = 60 (bge \ „ / D „ - 1) 

Also, do not confuse LN with (L(N). 
They are different. LN = natural 
logarithm to the base e. 

This publication is 
available in microform 

from University 

• PIhiihu M'LUL mlormtilinn nbout LLM-su litlos. 

Nitmit _ 

Oumpiinvlhsliliiiion 

Aililruss . _ 

CUV 

Slide ^ _ Zip 

I'llllllf I I . 
Cull tiilMiw UIXI-52l :l(m In Miirliijiun 
Atal.i,iii(lll,m,iii,,ill<i/lli '(l II l-?l,l-f?l» Or 
mini iin|inrv l<» PinntrsiU \1n rofiims EtihTnalinci.il 
.100 Nurlli Zw-li Knml. Ann Arlxir. Ml 48106. 

ROHN brings the top 
to you with its patented design. 
For the ultimate "on the ground" 
service and antenna installation, 
a RpHN "Fold-Over" Tower is your 
best"buy. Your safety comes first with 
"Fold-Over." For complete details write: 
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a synthesized voice output . The speech syn-
thesizer is designed for mobile use, as it 
eliminates the need for the driver to watch the 
display. 

The system operates by continuously sum-
ming the outputs of four antennas, simulating 
the mot ion of a single rotat ing antenna. As the 
simulated antenna moves toward the RF source, 
an increase in the apparent signal frequency oc-
curs, and as the antenna moves away from the 
source, this frequency decreases. This up-down 
(Doppler l frequency shift is detected by the FM 
receiver and is present as a 300 Hz tone on the 
audio output. The phase of the tone is measured 
and used to compute the bearing without affect-
ing the normal operation of the receiver. 

For more in format ion contac t Doppler 
Systems, 5540 E. Charter Oak, Scottsdale, 
Arizona 85254. 

Circle /305 on Heodor Service Card. 

RTTY/CW computer 
interface 

A new RTTY/CW deluxe computer interface, 
featuring variable tuning for all shifts and built-
in RS-232 compatibility F M - A M modes of opera-
tion, is available from MFJ Enterprises, Inc. 

• *§ wriinri • 

The MFJ-1229 features a 16-LED crosshair 
mark and space tuning array that simulates a 
scope ellipse for easy, accurate tuning even 
under poor signal-to-noise condit ions. It also 
operates in both FM and A M modes, using FM 
for general use, off-shift copy, dr i f t ing signals 
and moderate signal and QRM levels, and A M 
for weak-signal condit ions or when there are 
strong stations nearby. The MFJ-1229 transmits 
on both 170 and 850 Hz w i th variable shift tun-
ing as well as push-button 170 Hz for added con-
venience and versatility. 

The 1229 can be used w i th most home com-
puters and w i t h a large variety of software. 

Addi t ional features include AFSK and FSK 
keying, f ront panel sensitivity control, a nor 
mal/reverse switch that eliminates retuning while 
checking for inverted RTTY, mark and space 
outputs for true scope tuning, and a Kantronics-
compatible socket. 

All inputs are buffered and can be inverted us-
ing an internal DIP switch. External tr im pots are 



accessible from the rear, allowing adjustment of 
the audio input levels. The MFJ-1229 uses 18 
V D C or 110 VAC with an optional A C adaptor. 
The interface measures 12-1/2 x 2-1/2 x 6 in-
ches and is housed in a black aluminum cabinet 
with a brushed aluminum front. 

For more information on the MFJ-1229 Deluxe 
RTTY/CW Computer Interface, contact MFJ 
Enterprises, Inc., 921 Louisville Road, Starkville, 
Mississippi 39759. 

Circle #173 on Reader Sunjico Card. 

Great Circle slide 
Xantek has announced the availability of a 

Great Circle Slide for its DX EDGE ' . Used with 
the DX EDGE, this slide lets stations determine 
beam headings (great circle bearings) to any 
location in the world with enough accuracy for 
almost any purpose. It also shows the beam 
heading to use for pointing an antenna along the 
Gray Line. 

Slides are available for latiludes of 60, 50, 40, 
30, 20, and 10 degrees (all north or south), and 
0 degrees (the equator). (Order the slide for the 
latitude nearest your station.) 

Each slide shows 16 true great circles spaced 
at intervals of 22-1/2 degrees. Both the short 
path and long path are shown. The same size 
as the DX EDGE map, the slide is made of thin 
transparent vinyl so that it fits over the map and 
under the monthly slide. The price of the Great 
Circle Slide is S3.00 when purchased together 
with the DX EDGE and $5.00 when purchased 
separately. Prices include shipping and handling. 

For further information, contact Xantec, Inc.. 
P.O. Box 834, Madison Square Station, New 
York, NY 10159. 

Circle /304 on Reader Service Curd. 

interface development 
system 

The *eZ S Y S T E M ' is a low cost, simple and 
practical hardware development system that pro-
vides quick access to a personal computer's bus 
expansion slot for rapid circuit development. The 
system features three major components: the'eZ 
BOARD," a solderless prototyping board that 

connects to the expansion slot of the micro-com-
puter through an integral 18-inch flat cable, al-
lowing the user to work freely without interfer 
ing with their system unit: the 'eZ CARD, ' a 
prototyping board that features a fully buffered 
address, data and control bus, and the 'el 
BOOK, ' a helpful technical guide to the com-
puter system and contains several practical, use 
ful circuits for projects such as an A/D conver 
sion, parallel port, and joystick interface. 

The eZ System is available for the IBM-PC and 
XT, for Apple, and Commodore computers, or 
other computers housing the same bus 
arrangement. 

For further information, contact Sabadia Ex-
port Corporation, P.O. Box 1132, Yorba Linda, 
California 92686. 

Circle /302 on Reader Service Card. 

do-it-yourself autopatch 
KIE Enterprises has developed a simplex tele 

phone autopatch system called " L E T U S 
PATCH" for the VIC 20 or Commodore-64 com 
puters. The system (nol including the cost of the 
computer or the transceiver) can be built for less 
than $50.00. 

Features of the autopatch include multiple-
user "up codes" with individual long-distance 
privilege designation, general admission "up 
codes," busy phone and ringing phone indica 
tion (on or off). Also included are answer or in 
terrupt busy phone "up codes," automatic ID'er, 
remote enable/disable capabilities, and voice 
delay switching of the phone conversation lor 
those with slow response transceivers. 

For those whose telephone service no longer 
requires dialing a " 1 " before the area code, a 
prefix/area code table per "up code" can be 
added . A l l p h o n e n u m b e r s used are l o g g e d o n t o 
cassette tape by "up code," date, and time to 
comply with FCC requirements and to allow mul-
tiple user toll charge distribution when cross ref 
erenced with yout phone bill. 

The program, written in BAS IC, requires ap 
proximately 3K of memory. Extensive prefix or 
area code Utblet. may require memory expansion 
for the VIC-20. 

The "do-it yourself" package consists ol cir 
cuit diagrams, circuit descriptions, parts lists, 
program listing, program narrative, and a cas 
sette tape with a starter program ready to load. 
T h e price is S20.00. 

For m o r e in fo rmat ion , con tac t KIE Enterprises. 
P.O. Box 72. Running Springs, California 92382. 

Circle /301 on Header Service Card. 

actuator cable 
Nemal Electronics International has introduced 

a new line ol direct burial actuator cable for 
satellite earth station and communications appli 
cations. Each type provides the proper cabling 
lor both motor power and sensor .'control in a 
single polyethylene |acket suitable lor direct 

In-deptb Inventory - Industrial & Recusing Tubis 
Itr/i: ,,!<_• .' , ' irnfWt". 

3-400Z 
3-500Z 
4CX250B 
572B 
811A 
813 
6146B 
6360 
6883B 
7360 
8122 

S85.00 
85.00 
60.00 
53.00 
12.00 
35.00 

7.75 
5.75 
7.50 

12.95 
110.00 

MRF454/A 1 9 . 9 5 

MRF455 
M2057 
872A 
4X150A 
6DJ8 
6550A 
8072 
8121 
8874 
8877 
807 
8950 

$19.95 
15.00 
24.00 
35.00 

2.75 
7.50 

95.00 
95.00 

215.00 
520.00 

6.75 
11.50 

Major Manulaclwers Facloiy Boxed and Full lint ol 
Sylvania ECG Replacement SamiconiMors 

_ i"* tor I 
n c / l 0 SYIVAMIA 

Minimum oroer S 2 5 0 0 Allow S3 UPS chii;i 

Box H, 1365 39th ST., 8ROOKYLN, NY 1121B 
Tel. 718-633-2800/Watts Line 800-221-5802 

FAX # (718) 633-4375 

TS830/930 FILTERS 
We have received many unsolicited reports prais-
ing Ihe performance ol both Hie IS830S and the 
TS930S alter installation of Fox Tango fillers. 
In addition, these filters have received favorable 
Product Reviews in QST (9/83 art) 4/83); were 
Ihe subject o l a major article; Strangle 0BM in 
your TS830S in 73 Magazine (6/83). and many 
reports in other nalional publications. One o! Ihe 
major advantages o l our 2.1 kHz SSB matched 
pair is that they so improve VBT operation that 
Ihe need lot (arid expense of) CW fillers is 
eliminated lor all but the most dedicated CW 
operators. For tlw latter, out 400 H? CW matched 
pair is Ihe finesl available. 

Get the best from Fox Tango. 
PRICE BREAK! 

COMPLETE MATCHED PAIR FILTER KITS 
I IK830 ? I oi I 1KM0 I lor SSfl anil CW $l50'|uw 
ITKMO.IOfliiiniMlUOOmt italic,Urn) CWusm SliCdun 
rtKMO ? lolOO in MKMt) ? 101(111 lliiilti nl .lliove 

p.W'.l S?5MIIIII 

SUHOly HtfJ ii,lI fl i.'iil.Millli dosift't) wlit'n irili n.'iij 
SlupiMii) Suilace S3 (COD .1(1(1 Si) Air $5 Overseas SlO 
I IIIIIII.I N,,.I(!,!U: ;unl V , I Saluii Tax 

IMMEDIATE SHIPMENT - One Year Warranty 

Go FOX TANGO - To Be Sure' 
We accept VISA/MASTF.RCHRD 

c 1 8 9 

FOX TANGO CORPORATION 
Box 15944 H, W. Palm Beach, FL 33416 

(305) 683-9587 

February 1985 QS 105 



AVAILABLE 
NOW 

THE 1985 
ARRL 

HANDBOOK 
1. It's BRAND NEW 

2. It's BIGGER. Over 1024 pages. 

3. It's EXPANDED. Covers everything from basic electronics 
to esorteric radio gear. 

4. It's chockfull of NEW PROJECTS. 

5. It's the MOST COMPLETE reference text available. 

B. Get your copy TODAY. 

$15.00 (plus $3,50 shipping) 

ORDER YOURS TODAY 

h u t t im— 
radio magazine WV BOOKSTORE 
GREENVILLE, NH 03048 (603) 878-1441 

w 
& 

& S 
• \ ; A* 

' ' -V- <VfiS>' 

NEW 
products 

burial. Nemal ST 1 consists of 2 conductors of 
16 gauge and 2 conductors of 22 gauge with foil 
shield and drain wire; ST-2 contains 2 conduc 
tors of 12 gauge and 3 conductors of 22 gauge 
with foil shield and drain wire. Nemal also offers 
a line of five types of satellite control cables 
which contain motor, sensor, polarotor. and 
coaxial signal lines. 

For additional information, contact Nemal 
Electronics International, Inc., 12240 N. E. 14th 
Avenue. North Miami, Florida 33161. 

C i r c l e #166 o n R e a d e r S e r v i c e C a r d . 

r e v e r s e b u r s t a c c e s s o r y 
Communications Specialists has introduced 

the RB-1 reverse hurst accessory. The R8-1 
eliminates the long squelch tail heard with some 
reed type and other sub tone decoders. Used in 
conjunction with decoders that offer squelch tail 
elimination, the RB-1 will delay the transmitter 
turn off time and reverse the phase of the en-

coded tone, immediately stopping the decoder 
and eliminating the squelch tail. The RB-1 is 
available from stock and sells for $14.95. 
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For more information, contact Commtinica 
tions Specialists, Inc. , 426 West Taft Avenue, 
Orange, California 9266b 4296. 

Circle /120 on (loader Service Card. 

8-pole crystal filters 
International Radio Inc. Has announced its line 

of 8 pole crystal fillers designed to improve the 
selectivity in Kenwood and ICOM products. 
Designed wi th low insertion loss and ripple, the 
filters offer excellent selectivity and shape lac 
tor. Filers are available for both SSB and CW 
opeiaiion, and depending on the radio, can be 
either 1st or 2nd IF or cascaded. 

For more information, contact International 
Radio Inc., 1532 S.E. Village Green Drive, Port 
Si. Lucie, Florida 33452. 

Circle /"109 on Header Service Card. 

VHF FM monitor receiver 
Ace Communications, Inc. has introduced a 

new VHF FM monitor receiver, model AR 33, 
The AR 33 is it featherweight microprocessor 
controlled VHF FM portable receiver covering the 
140 to 170 M H ; band in 5 kHz steps. Frequen-
cies are selected by a thumbwheel switch and 
slide switch for 5 kHz increments. The receiver 
employs CMOS microprocessor technology to 
offer a variety of features al an economical price. 

as well as small si/e and light weight. The ac 
tual size of the receiver is approximately 
5 1/4 • 2-1 /2 v 1-1/8 inches (130 • 63 
26 mm! md weighs toss than 200 grams. 

For further information, contact Ace Com 
immicalions, Inc., 22511 Aspan Street, Lake 
Forest, California 92630. 

Circle j'lfyt on Reader Service Card. 

hf> JJJH ectromcs c 
0 WORLD WIDE AMATEUR RADIO SINCE 1050 

Y o u r one source for all Radio Equipment! 

For the best buys In town call: 
212-925-7000 

MIRAGE AMPLIFIERS - - „ 
AS'TRON POWER SUPPLIES 1 , ^ , , 

• OENTIKJNIS SACK IN STOCK1 2591 Ml. co^Mf j aiocn.tl 
MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. NY 10012. 

W.> Slock A t A. AIMU Alphit. Amoco. Autonnn Specialise,. AHi»1«c. 
Asfon. 0 A K. 0 A W. Bash. (kmctw. Oltd. tfuttomul. CDE. CES, Collliti. 
Comniwnic.tiici»n, Spec. Connectors, CuvcoaM Cut.»KraH, 
Oaiwa. Otrnlron. Dtatmo*, Oiake. ETO (Aiphm, Ciitiac, Encomm. Moil 
Sound, Hnnry, Husilor (Nowtromcsi. My Cain, icom, KIM, Kanttomcs. 
l a inon MCM lOaiwA), MFJ, J W Miller, Mlm PfoclucU Milage, 
Now!tunica, Nyn Vtking, I'alomai, RF Products. Radio Amnieur C«ll lx»k. 
Ilnbol, nockmtl l Collins, S»»lw. W'uns. Tele., frnipo, Ten Toe. 
Tokyo Hi Power. Titonvi TUI3ES. W2AU. Wabef. WHion. Yasju Ham ant! 
Commercial flailio*, Vocom. Vlbroplox.^Cuitis. Tfi £». Wacom Duple i«rs. 
Hopoalcrs Mholpi Dortfle F niton Intercoms. Scnnnnrs, Cry Uni t , . Bartlo 
Publlcallona. 

C O M P L E T E R E P A I R L A B ON P R E M I S E S 

" A q u l So Habla E i p a n o l " 
BARRY INTERNA t l O N A I rf . l .EX 12 7670 
MERCHANDISE IAKEN ON COM SIGN MEN I 
FOR TOP PRICES 

AUtMOHl i t f cO D fSJS M C K A Y D Y M E K FOR 
S H O R T W A V E A N T E N N A S RECEIVERS 

IRTILEX "Spring SI Slnllnn 
Subviaya: BMT Fimce 5Jl Staton" 

IN0 "F" Train 8<*v Station" 
Bus . B r o a d w a y b& to Sp r i ng S i 

WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
UfcAi.f. 'MNOUinifcSINVirH) PMIfNt IN VOUO 0«U»:R S B t HElMBUW.EU 

COMMERCIAL RADIOS »«ocK«d * «•* vlcad on pramUca. 
Ammour Radio Coursos Glvon On Our Promisoo, Call 
Export Ordar* Shlppad Immadlalsty. TELEX 12-7070 

f r , v . , * 

Amateur Radio Operator NAMES 

• GPOljfnplw hy ,'IP .tnd ni Slate 
• B y L i c e n s e K s u e Of E x p i r a t i o n D j i N -

S.--K r . l u - 1«.< l a t i i ' K 

Tola l List 453,000 Price: S25/Thousand 
Buckmaster Pub l i sh ing 186 

SAY YOU SAW IT 
IN 

HAM RADIO 

Microwave Test Equipment 
RMSG Signal Generators j f j ? 
Manual tuning • $-30 ' 
VDC input • 1 to 7 volt -
output lo luiitic) detector 
• narrow band electrical 
tuning • - l , 3 ?•<!.? GHZ 
S51 16 • -5. 2.3-2 -15 GHZ S61 16 • with 
battery cl ip and On oft switch, -2. -6, 
$53.95, $63.95. 
RMVO Voltage Tuned Oscillators 
i 12 VDC bias • -1 10-12 VDC tuning • 
1"x1 V / ' PCB • 1 . 2 1-2 5 GHZ, $24.95 
• -2. t 0-2 1 GHZ, $24.95 
RMVA Variable Attenuator 
10 to 60 DB, 1 to 6 GHZ. $14.95. 
Ah.i", Ti'-.l Anli-nn.i-., Dinrio HiMectnis. 
Dual Directional Couplers, and Line 
Stretchers 
ROENSCH MICROWAVE 
R.R. I. Box 156B. Pll 8I6-M3.2550 
BROOKFIELO, MISSOURI 6-1628 128 K 

More Details? CHECK - OFF Page 128 F e b r u a r y 1985 QS 1 0 7 



4SDTR0N ANTENNAS 
BIG ON PERFORMANCE 

SMALL ON SPACE 

MODELS FROM 160-10 METERS 

NO TUNERS! NO RAD1ALS! 
PERFECT FOR LIMITED SPACE 

APPLICATIONS: BOATS, APARTMENTS, 

VACATION HOMES AND MORE. 

8 0 - m e ! e r 6 3 , 9 5 plus 4.75 shipping 

" 4 0 - m e t e r 5 2 . 9 5 plus 3.75 shipping 

A S K FOR PR ICES ON OTHER MODELS . 

BILAL COMPANY -165 

S.R. 2, BOX 62, DEPT. 10 
EUCHA, OK 74342 

(918) 253-4094 
' S ee Oct , 1984 ol 73 Magazine for a product review1 

8 POLE CRYSTAL FILTERS FOR 
KENWOOD, ICOM, AND YAESU RADIOS 

KENWOOD 
2 1 kHz S S B lor TS-930 or TS 830 matched set .$149.99 
400 Hz CW tor TS 930 or TS-830 matched set $149.99 
2 1 kHz S S B tail end IF cascade kit (8 extra poles) for the 
TS-430. rs-izo and TS-130 $79.00 
2 1 kHz 8 pole Ktal filter for the R 1000 $129.00 
2 1 kHz 8 pole xtal filter tor the R 2000 $139.00 
400 Hz CW (8 pole) xtal filter for the R-2000 $99.00 
TS 930 NEW FM KIT True fm. xmit 8, rev 30 watts, rx 
better than 2 uv sensitivity. Wired and tested $139.00 

I C O M 
2 1 kHz S S B and 400 Hz CW 8 pole xtal filter for ttie 
IC-730. 740. 745. R70 and R71 radios $99.00 

Y A E S U 
2 1 kHz S S B 8 pole xtal filter for the FT-980 Filter for 
FT-757 available soon $99 00 

ICOM, Kenwood newsletters 1 year $9.00 U S l$12 first c lass 
mail) $13 elsewhere. S A S E for details. 

When ordering please specify radio and crystal tslter ordered. 
Please add $3 tor shipping and handling USA. $5 air mail, COD 
add $1 75. $10 overseas FL residents add 5 % sales tax 

INTERNATIONAL RADIO, INC. 
1 5 3 2 S E V i l l a g e G r e e n D r . 

P o r t S t . L u c i e , FL 3 3 4 5 2 
( 3 0 5 ) 3 3 5 - 5 5 4 5 ^ 109 

F C C L O W E R S 
R E Q U I R E M E N T S — 
G E T Y O U R R A D I O 

T E L E P H O N E L I C E N S E 

FCC changes make obtaining a High-level 
Radio Telephone License much easier now. 
Eliminate unnecessary study with our short-
cuts and easy to follow study material. Obtain-
ing the General Radio Telephone License can 
be a snap! Sample exams, also section cover-
ing Radar Endorsement. 
A small investment lor a high-paying career in 
electronics. 

$19.95 ppd. 
S a t i s f a c t i o n G u a r a n t e e d 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville. N, C. 28793 
W e now accept MC and VISA 

Give card " exp. date, and signature 

NEW 
p r o d u c t s 

voice operated squelch 
C M C Communications offers a Voice Opera-

ted Squelch on a small circuit board for mount-
ing inside most S S B transceivers and receivers. 
The VOS requires that different and select com-
ponents of the voice spectrum to be present at 
the same time to operate. It ignores heterodynes 
and noise, regardless of level, yet it is extreme-
ly sensitive to weak signals when the human 
voice is present. All adjustments are made at the 
factory and a remote on/off switch is provided. 
Simple connections are made to the AF Gain 
Control and 9 or 12 VDC. 

For further information, contact C M C Com-
munications, Inc., 5479 Jetport Industrial Blvd., 
Tampa, Florida 33614. 

Circle #125 on Reader Service Card, 

dipole handbook 
The Dandy Dipole from Microwave Filter is a 

new 24-page handbook for constructing over 180 
variations of the oldest, most reliable, and 
simplest Amateur Radio antenna known. It 
shows where and how to place it, how to quickly 
design a multiband dipole — using traps — 
without guessing at the wire lengths. 

Tfie 
Dandy 
Dipole 

A Handbook for the Construction, Tuning, And 
Operation o< the Oldest. Most Economical and 
Reliable Amateur Radio Antenna 

r.TT.-Tyrr-anvTr.-t 

C o m p u t i n g t h e w i r e l e n g t h a n d p r u n i n g 
to r e s o n a n t f r e q u e n c y 

• P r o p e r h e i g h t for b e s t S W R a n d r a d i a t i o n 
• T h e m u l t i - b a n d t r a p p e d d i p o l e : 1 8 3 b a n d 

c o m b i n a t i o n s 
• T h e i n v e r t e d " V " 
• D ipo le c o m p o n e n t s : i n s u l a t o r s , b a l u n s , 

t r a p s , w i re 

S y : O a m e l S o s t i c k ( W A 2 Z Y R ) 
O o n a i d S h a t r a w 

The contents include computing the wire 
length and pruning to resonant frequency; 
proper height for best S W R and radiation; the 
multiband trapped dipole, 183 band combina-
tions (complete wiring tables); inverted "V "and 
dipole components as insulators, baluns, traps 
and wire. 

The book was written by Daniel Bostick, 
WA2ZYR, and Donald Shatraw, Microwave 
Filter Company technical consultants. 

The cost is $3.95 plus $1.00 for shipping. For 
more information, contact Microwave Filter 
Company, Inc., 6743 Kinne Street, East 
Syracuse, New York 13057. 

Circle #148 on Reader Service Card. 

REVIEW 
The Hidden Signals 
on Satellite TV 
by Tom Harrington, W80MV, 
and Bob Cooper, VP5D 

Owners of TVRO systems may be unaware of 
the multitude of signals carried by geostationary 
satellites. Besides the video services, these 
signals include audio and teletype news services, 
high speed data systems, teletext, and stock 
services, to name just a few. 

Access to these signals is actually very easy. 
It can be accomplished simply by tuning the 
audio subcarrier control on many of the TVRO 
tuners currently being sold. With the addition 
of an FM stereo tuner, high quality stereo serv-
ices can also be received and enjoyed by TVRO 
owners. 

This book starts off with an introductory 
chapter that gives the reader a brief history of 
satellite communications, describes multiplexed 
audio and data signals, and lists the various types 
of transmissions. A spectrum overview from 
0-30,000 MHz and a description of where the 
"hidden signals" are also provided. 

Chapter Two delves into the technical "nitty 
gritty" of audio subcarriers, how they get there 
and how they can be found. In addition to a 
technical description, a review of several dif-
ferent pieces of commercial gear currently 
available to decode this subcarrier information 
is provided. A program listing by service and 
satellite is also included. Charts, graphs, and 
oscilloscope photographs are all provided to help 
you set your station. 

Chapter Three discusses telephone (SSB/ 
FDM) systems, their use, and your responsi-
bilities in receiving these services. There are cur-
rently two types of voice and data signal chan-
nels on satellites these days. The most common 
uses S S B run through a frequency division multi-
plexer. This spectrum-efficient system allows 
many different signals to be combined together 
into a single signal for transmission to a satellite. 



TUHETHE 
Hidden Signals 

Tl ie second m e t h o d of access is via SCPC (single 

channel per car r ie r l . S P S C is n o i as s p e c t r u m 

ef fect ive as the F D M systems, bu t is less expen-

sive to instal l . T h e equ ipmen t requ i red is m u c h 

lass complex a n d needs relatively l o w p o w e r . In-

f o rma t i on is g iven o n h o w to hook u p S S B re-

ceivers to T V R O receivers to d e c o d e th is in-

terest ing i n f o r m a t i o n . 

Chapter Four is a rather complete and inclusive 

sect ion on S C P C satel l i te sys tems. E q u i p m e n t 

in use is lu l ly c o v e r e d a n d examples are g i ven 

of some of those services using SCPC transmis-

s ions. F requency a l locat ions are l is ted by 

satell i te, serv ice, c o m p a n d i n g , b a n d w i d t h and 

p ie -emphas is to help the l istener t une in these 

signals. 

Chapters Five and Six cover satell ite n e t w o i k s 

and basic te letext , p rov id ing plenty of h is tory as 

we l l as techn ica l detai ls. Chapter S e v e n deals 

w i t h a n u m b e r of o ther teletext opera t ions , a n d 

Chapter Eight d iscusses misce l laneous serv ices 

that can be f o u n d o n satel l i tes. Chapter Eight 

also has a c o m p l e t e detai led sec t ion o n the 

Hughes C - b a n d domes t i c satel l i te faci l i t ies. 

The i n f o r m a t i o n c o n t a i n e d in this book is no t 

in tended to e n c o u r a g e the misuse of satel l i te 

services. Rather it has been prepared by the 

au thors os a pr imer o n w h a t is avai lable there. 

FCC ruins and regulations do not prohibit 

SWL 'ing. They do prohibit selling or deriving a 

commercial benefit Iron) what is received. The 

u l t imate respons ib i l i ty lies w i t h the user. 

In some areas, techn ica l descr ip t ions in th is 

book are not exac t l y w h a t the engineer may 

w a n t . H o w e v e r , the average T V R O o w n e r , T V 

technic ian, or b e g i n n i n g T V R O dealer wi l l f i nd 

Ibis book to be a g o o d reference manua l to have 

o n the shel f . 

The Hidden Signals on Satellire TV is p u b 

(tsheel by Universa l Elocnonic.s, 'IbBb Grove 

Road, Su i te 34, C o l u m b u s Ohio 43232. Copies 

are available f r o m H a m Radio 's Books to re , 

Greenville, N H 03048, $14.95 p l u s $ 3 . 5 0 s h i p p i n g 

and handl ing. 

N1ACH 

Performance vhf/uhf precimp/ 

Freq. 1 dB 
Receive Range N.F. Gain Comp. Device 
Only (MHz) (dB) (dB) (dBm) Type Price 

P28VD 28-30 <1.1 15 0 DGFET S29.95 
P50VD 60-54 <1.3 15 0 DGFET $29.95 
P50VDG 50-54 <0.5 24 + 12 GaAsFET $79.95 
P144VD 144-148 <1.5 15 0 DGFET S29.95 
P144VDA 144-148 <1.0 15 0 DGFET S37.95 
P144VDG 144-148 <0.5 24 + 12 GaAsFET $79.95 
P220VO 220-225 <1.8 15 0 DGFET $29.95 
P220VDA 220-225 <1.2 15 0 DGFET $37.95 
P220VDG 220-225 <0.5 20 + 12 GaAsFET $79.95 
P432VD 420-450 <1.8 15 - 2 0 Bipolar 532.95 
P432VDA <20-450 <1.1 17 - 2 0 Bipolar $49.95 
P432VOG 420-450 <0.5 16 + 12 GaAsFET $79.95 

Inline (rl awltched) 

SP28VD 28-30 <1.2 15 0 DGFET $59.95 
SP60VD 50-54 <1.4 15 0 DGFET $59.95 
SP50VDG 50-54 <0.55 24 + 12 GaAsFET $109.95 
SP144VD 144-148 <1.6 16 0 DGFET $59.95 
SP144VDA 144-148 <1.1 15 0 DGFET $67.95 
SP144VDG 144-148 <0.55 24 + 12 GaAsFET $109.95 
SP220VD 220-225 <1.9 15 0 DGFET $59.95 
SP220VDA 220-225 <1.3 15 0 DGFET $57.95 
SP220VDG 220-226 <0.55 20 + 12 GoAaFFT £109.95 
SP432VD <20-450 <1.9 15 - 2 0 Bipolar $62.95 
SP432VDA <20-450 <1.2 17 - 2 0 Bipolar $79.95 
SP432VDG <20-450 <0.55 16 + 12 GaAsFET $109.95 

Every preamplifier Is precision aligned on ARR's Hewlett Packard HP8970A/HP348A stato-ol-lho-art noise llguro 
meter. RX only preamplifiers are for receive applications only. Inline preamplifiers are r l switched (for use 
wim transceivers) and handle 25 watte transmitter power. Mount Inline [ 
and power amplifier for high power applications. Othar amateur, commercial i 

in the 1-1000 MHz range. Please Include S2 shipping li 
— I - U.S. and Canada. Connecticut residents ado 
H C l V O f l C e C I sales tax. C.0.0. orders add 52. Air mall to foreign coun-

t ( | 6 B B d d 1 0 % 0 r d e r your ARR Rx only or Inline Receiver preamplifier today and start heerlng like never beforef 

Research 
Box 1242 • Burlington, CT 06013 203 582-9409 
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^ CADDELL ^ 
^ COIL CORP. v 

35 Main Street 
Poultney. VT 05764 

802-287-4055 
B A L U N S 

Get POWER lo you' antonna' Out Baluns aro 
already wound and ready lor installation in your 
unnsmaich or you may enclose Ihem in a 
weatherproof box ant! connect them directly al 
the antenna They am designed for 3-30 MHz op 
oration (See ARRL Handbook pages 19-9 or 
6-20 for construction detail?.) 

Ploaso sena ai< reader inquiries directly 
too Wsi({4 i.d t. 9-t.aM f fmpadffnce selector*? J 6 50 
Unl*orsalTran»m«lch 1 KW(4:1 Impsdancn) 12.50 
Universal Tranamnlch2KW(4: t Impoclnncol IS.00 
Unlvorsnl Tritnamaleh t KW (6 1. 9 1 or 1 1 »»l»cf 1 i 00 
Unlvertal Trannmalch 2 KW (6:1.91 or l lsolactonef 16.50 



W ^ V yy W o D M i l l ] 

market 
RATES Noncommercial ads 10® per word; 

commercial ads 60« per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

IBM-PC RTTY ASCI I /BAUDOT/CW send and receive Spill 
screen, buffers and features beaucoup SASE to E All ine. 
773 Rosa, Metaine. LA 70005 

CX7 REPAIRS. 415 549-9210 

WANTED: HP 476A Power head WUBJ, 2801, Wright, North 
Platte NE 69101 

TRAVEL-PAK QSL KIT — Converts post cards, photos to 
OSLs Stamp brings circular Samco. Box 203-c, Wynantskil l 
New York 12198 

WANT old antenna books handbooks, CO, pre-1940 OST 
Tad Cook, KT7H, 5519 — 12th N E Seattle, WA 98105 

CUSTOM MADE embro idered patches A n / size, shape, 
colors Five patch min imum Free sample, prices and order-
ing information Hein Specialt ies, Inc , Dept 301, 4202 N 
Drake Chicago. IL 60618 

WANTED: Old Crosley Radio Model 50, 51, 52, & " P u p " 
K4NBN " N o Bad N e w s " 

TUBES: Sel l ing 40 year col lect ion Advise requirements for 
quoles Desperately need manuals lor Hall icrafters SX122A 
M Lc-vy, 4141 Krupp Drive, El Paso, Texas 79902 Apt One 

A T T E N T I O N Builders: For sare Two 4CX25OR/750OW rubes 
with silver bypass sockets (unused), low profile plate Iran 2000 
v e t , W2 a fi lament Iran , high cap fitters, bridge rectifier 
$275 prepaid UPS Postal money order only R E Peterson 
WOPOX 1302 S Arl ington Ave . Duluth, MN 55811 

F o r e i g n S u b s c r i p t i o n A g e n t s 
for H a m Radio M a g a z i n e 

Ham Hamr, Air,i 
Postf-K.h 24S4 Ham Radio Maqa/ifK: 

fjiwtnville NH m04fi USA 

I 9«> ? yrs Y) 
>r. S71, 40 

Ham Radio lUly 
Via Porrlenoni- 1/ 
I ?0H? MiUno 
ItHi, 

Hwn Radio Swil/crlari'l 

f'o-.itat.h 
l( /KOloww'-li 

%m Y i f . i 
r.i\ A 

H fi <¥<(KI I 

n Rartirj r,on 

tfar.K 

Renublir of Soul 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed, $41.00. Send 
stamp for details W8UUR. 1025 Wi ldwood Road. Ouincy, Ml 
49082 

NEW VLF CONVERTER by K1RGO covers 2 kHz to 500 KHz 
AM broadcast rejection • 100 dB at 1 MHz, i-f rejection 130 
dB. 3.5-4 0 MHz (L - t 0V80 ) or 4 0-4 5 MHz (L-101/70) i-f tuning 
available $49 00 postpaid com US Free bochure. LF 
Engineering Co . 17 Jeffry Rd . East Haven. CT 06512. 

RUBBER STAMPS: 3 lines $4 50 PPD Send check or MO 
10 G L Pierce. 5521 Birkdale Way, San Diego. CA 92117. 
SASE brings information 

DIGITAL automatic displays for Collins. Drake. TS-520S (func-
tional DG-5 replacement) and Swan 350C through 700CX. No 
installation Plugs into exist ing jacks and tube sockets (using 
extenders) FT-101's and TS-520 models are easily installed. 
No dri l l ing Six red 1/2" digits m a 5" by 1-1/2" by 9 " deep" 
cabinet! Write for information. Grand Systems, PO Box 2171. 
Blame. Washington 98230. (604) 530-4551 

REPAIR, AL IGNMENT, calibration Coll ins wri t ten estimates 
$25, non Coll ins S50 K1 MAN (207) 495-2215. 

A T L A S 350XL owners group Send QSL card with s/n your 
rig. Know anyone who repairs them? Have any technical in-
formation to share 7 Any quest ions7 Rod, N5NM, Box 2169. 
Santa Fe, NM 87504 

CHASSIS and cabinet kits. SASE K3IWK 

SCHEMATICS: Radio receivers 1920/60's Send name brand, 
model, SASE. Scaramella, P O , Box 1. Woonsocket, Rl 
02895-0001 (602} 897-2534 

Tl 99/4A Random text. keyboard, send, receive, code prac-
tice programs. Dr Code "Genera l " sends International Morse 
code and prints on screen; you choose speed, tone, which 
characters to be sent, spacing, and more1 Dr Code "Speech" 
same as " G e n e r a l " with speech, you choose how many 
characters before speech check For cassette of both copy-
r ighted programs and condit ional copying privi leges, send 
$10 00 plus $3.00 shipping and handling to N5ESF, Rt. 1, Box 
1326, Lake Charles, LA 70601 Phone (318) 436-2048, no 
collect calls please, satisfaction or money back. 

TECHNICAL BOOKS. "E lec i ron ics with Digital and Analog 
Integrated Ci rcu i ts " by Richard Higgens of the University of 
Oregon/Eugene Combines the best of the "e lectronics for 
scient ists" and the "hobby is t " or "how to" approach Circuit 
pr inciples and "go lden ru les" , which won' t become obsolete 
with envolving technology, are emphasized. $30.95 + 3 50 
shipping. "Digital Des ign" by Morris Mano of California State 
University. Presents the basic lools used in the design of digital 
circuits $33 95 4- 3 50 shipping Check or money order 
Technical Advice, Inc . Box 4757, Englewood, C O 80155. 

CUSTOM embroidered emblems — Cloisonne enameled pins, 
your design, low minimum, excellent quality, free booklet. A T 
Patch Co , Dept 65. Littleton, NH 03561 (603) 444-3423 

HAM RADIO Magazine collection Bound volumes 1972, 1973, 
1974 and 1975 In HR bmde»s 1976. 1977. 1978 and 1979 
$120 for lot plus UPS shipping US only W4UCH, Box 1065, 
Chautauqua, New York 14722 (716) 753-2654. 

WANTED: Cash paid for used speed radar equipment Write 
or call- Brian R Esterman, PO Box 8141. Norlhf ield, Illinois 
60093 (312) 251-8901 

W A N T E D : Old microphones, remote mixers other misc related 
items All pre-1935 Box Paquette, 107 E National Avenue, 
Mi lwaukee, Wl 53204 

WANTED: Used microwave equipment D Mitchell, K8URL, 
1 Cider Mill Lane, Upton, MA 01568 (617} 529 4638 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog 
Walter, 2697 Nickel. San Pablo. CA 94806. 

RTTY-EXCLUS1VELY for the Amateur Teleprinter One year 
$7 00 Beginners RTTY Handbook $8 00 includes journal 
index P O Box RY, Cardif f , CA 92007 

" H A M S FOR CHRIST. " Reach other Hams with a gospel tract 
sure to please Clyde Stanfield, WA6HEG, 1570 N. Albright, 
Upland, CA 91786 

WANTED: Early Halhcrafter "Sky r ide rs " and "Super Sky-
r iders" with silver panels, also "Skynder Commerc ia l " , early 
transmitters such as HT -1. HT 2, HT-8, and other Hall icrafter 
gear, parts, accessories, manuals Chuck Dachis, WD5EOG, 
The Hall icrafter Col lector. 4500 Russell Drive, Austin, Texas 
78 745 

VERY in - le r -es t - ing ! Next 4 issues $2 Ham Trader "Ye l low 
Sheets" , POB356, Wheaton, IL 60189 

ELECTRON TUBES: Receiving, transmitt ing, microwave 
all types available. Large stock Next day delivery most cases 
Daily Electronics, PO Box 5029 Compton, CA 90224 (213) 
774-1255 

COMING EVENTS 
Activities — " P l a c e s to go . . 

MICHIGAN: The Cherry land Amateur Radio Club's 12th 
annual Swap 'N Shop, Saturday, February 9, Immaculate Con-
cept ion Middle School Gymnasium. 218 Vine Street, Traverse 
City 9 AM to 2:30 PM. General admission $2.50. Single tables 
$3.00. Talk in on 146.85 and 146.52 simplex For information: 
Paul Nepote, KA8HIB. Chairman, 802 Fern Si.. Traverse City, 
Ml 49684 Please SASE 

FLORIDA: The Fort Myers Crty of Palms ARC'S annual 
Hamfest, Saturday, February 23, Moose Hall, 1900 Park 
Meadow Drive. ARRL volunteer l icense exams will be given 
by previous registration only, no walk-ins Indoor flea market 
tables $10.00. Admission $3.00 at door, no mail orders. Ample 
free parking. Talk in on 146.28 146 88 

OHIO: Dayton Hamvent ion, Apri l 26, 27, 28, Hara Arena and 
Exhibition Center, Dayton Admission $8 advance, $10at door 
Good for all three days. Banquet $14 advance, $16 at door. 
Flea market space $17 in advance for all three days. 
Technical, ARRL and FCC forums New products and exhibits. 
Special group meetings. YL forum. International VHF/UHF 
conference Amateur ol the Year Award. Special achievement 
awards Pre-registration starts January 1, 1985. For further 
information; Dayton Amateur Radio Associat ion, Box 44, 
Dayton, OH 45401 or phone (513) 433-7720. 

MASSACHUSETTS: The Mounl Tom Amateur Repeater 
Associat ion will host its firsi annual indoor Flea Market, 
March 3, 9 AM to 4 PM, Knights of Co lumbus Hall, Elder 
Counci l 69. Granby Road, Chicopee General admission 
$ 1 00 Kids and spouse free Tables $8 00 door, $7.00 ad-
vance. Set up 8-9 AM. Food and drink Contact Mickey Yale, 
N1CDR, 6 Laurel Terrace. Westf ield, MA 01085 (413) 
562-1027 

OHIO: Teays Amateur Radio Club 's 7th annual Hamfest, 
March 3, K C Lodge, Circleville. Sellers set up 6 AM. Open 
to public 8 AM Advance tickets $2 00. at door $3 00 8' tables 
$4.00 advance. $5.00 at door. For table reservations SASE 
to Joe Subich, AD8I. 7825 State Rt. #188, Circlevdle, Ohio 
43113. Talk in on Circlevdle repeater 147.18 For information: 
Len Campbel l . WB8PPH. 8951 State Rt #188. Circleville, 
Ohio 43113 

MISSOURI: The Jefferson Barracks Amateur Radio Club's 
25th annual Amateur Radio Auction, Friday night, March 8, 
St Louis Firefighters Hall, 5856 Gravois at Christy, in south 
St Louis City. Start ing t ime 7:30 PM This is the Silver Anni-
versary of this even! and the club is going all out to make this 
a memorable event. For information: Jefferson Barracks ARC, 
c/o Carl H. Hohenberger, Wf lBZP, 5266 Parker Avenue, St. 
Louis. MO 63139 

WISCONSIN: The Ozaukee Radio C lub 's 7 lh annual 
Swapfest, Saturday, May 4, 8 AM to 1 PM, Circle B Recrea-
tion Center, Highway 60, Cedarburg. Admiss ion $2.00 in ad-
vance, $3.00 at the door 4 ' tables $2 00 each advance only 
Food and refreshments available Sellers admit ted at 7 AM 
for setup. For tickets, tables, maps or information send 
business SASE to 1985 ORC Swapfest, 101 E. Clay St , 
Saukvitle. Wl 53080 

VIRGINIA: The Vienna Wireless Society's annual Winterfest, 
Sunday, February 24. Vienna Community Center, 120 Cherry 
Street, Vienna Admission $4 00 Doors open at 8 AM For 
vendor and tailgate applications SASE to Earl Hohbein, 
N4FSW, 4602 Lawn Court, Fairfax. VA 22032 Coffee and 
food available Talk in viva NVFMA 146.31/91 and VWS 
146 085 685 and 147 51 simplex For information Vienna 
Wireless Society, PO Box 418. Vienna, VA 22180 

WISCONSIN: The Tn-County Amateur Radio Club's annual 
Hamfest, March 17, 8 AM to 3 PM, Jef ferson County 
Fairgrounds, Jefferson Tickets $2 50 advance, $3 00 at door 
Tables $3 00 advance, $4 00 at door Plenty of food and free 
parking Doors open at 7 AM lor sellers only Talk in on 
144.89/145 49, 146.22/146.82, 146 52/146.52. For information, 
t ickets and tables SASE to Bob Barker, K9RIJ, 724 Burdick, 
Milton, Wl 53563 

M A R Y L A N D : BARC, the Balt imore Amateur Radio Club 's 
1985 Greater Balt imore Hamboree and computerfest , March 
31. Maryland State Fairgrounds Exhibition Complex, Timonium 
Gates open 8 AM Admission $4 00, chi ldren under 12 free. 
Amateur radio, personal computer and smal l business com-
puter dealers, guest speakers, large, hard surface outdoor 
tai lgate area Food service, free parking. Overnight ac-
commodat ions available in immediate area For information 
and table reservations GBH & C, PO Box 95, Timonium, MD 
21093-0095 (310) 561 1282 

TEXAS: The Midland Amateur Radio Club 's annual St 
Patr ick 's Swapfest, Saturday. March 16. 10 AM to 5 PM and 
Sunday, March 17, 8 AM to 2:30 PM. Mid land County Exhibit 
Bui lding, north of Highway 80 Pre-registration $5. $6 al the 
door. Tables $6 each Refreshments and food available 
Volunteer examiner tests for all categor ies For information 
and reservations Midland ARC, PO Box 4401. Midland. TX 
79704 

124 OB February 1985 



WASHINGTON: The Mike and Key Amateur Radio Club s 4ih 
annual Electronic Flea Market. March 9. 9 AM to 7 PM. 
Wo-.iU.*ni Washington fairgrounds, Puyullup Admission S2 00 
Spouse and kids free? Flea rnarke! tables $15 00 Con 
signmeits 10% Dealers, exhibitors and demonstrations 
Satellite station Packet station Super snack bar Free 
parking For reservations Electronic Flea Market, 20903 NE 
77th, Redmond, WA 980b? |?06) 883-30tj> 

MICHIGAN: The 2nd annual Amateur Radio Auction spon-
sored by the Holland Amateur Radio Club, Saturday, March 
9. Hudsonville High School Auditorium, 5051 32nd Avenue. 
Hijikonviltf) Nn admission lee Ff|iiipmenl can he checked 
in from 8 AM to 12 noon Auction 9 AM to » PM A I0°bdona 
lion tor each item sold Refreshments available. Talk in on 
146 06 and ti? For information Dan Ruitei, KC8KN, 7t06 
Mtchael Drive. Hudsonville, Ml 49'126 

MINNESOTA: The Robbinsdale Amateur Radio Club's -tin 
annual Midwinter Madnew; Hobby Electronics Snow. February 
23. B AM Jo ? PM. Tot 1 no-Grace High School 1350 Gardena 
Avenue NE. Fndley (suburb ul Minneapolis) Admission S4 at 
door Manufacturers, dealers. Ilea market Talk in on 147 60/00 
KOI. TC Repeafor and M6.52 simplex For information 
Robbinsdale ARC, PO Box 22613, Robbinsdale. MN 5542? 
or call Bob (612) 533-7354 All Amateur Radio tests will be 
given For information Elmo Nygard. 4 t&i Adair Avenue N 
RoDbmsdate, MN W 1 2 

INDIANA: the LaPorte ARC'S winter Hamlest. Sunday. 
Fobiuary 24, at the LaPorie CIVIC Auditorium Donation $2 50 
Tables S? 00 advance. S? 50 at door Talk m on 52 simple* 
For 111 lor mat ion and reservations LARC. PO Do* 30. La Porte. 
IN -16350 

MICHIGAN: The 15th annual Livonia Amateur Radio Club's. 
Swap 11 Shop. Sunday. February h AM to 4 PM. Churchill 
High School, Livonia Plenty ol tables, refreshments and free 
parking Talk in on 144 75/5 35 and 5? simple* For inlorma-
litm or table reservations SASE to Neil Coffin. WA8GWI. t:/o 
Livonia ARC, PO Box 2 m . Livonia. Ml 48151 

OREGON: The 5th annual Salem Mini Hamlair. February 23 
Polk County Fairgrounds Seminars, commercial displays. 
Amateur license exams and a large ilea market Admission 
S-1 00 Flea Market set up 8 AM Doers open 9 AM Talk in 
on 146 25/ 86 and 146 52 For information Sales Repeater 
Association, PO Box 784. Salem, OR 97308 

KENTUCKY; Annual Glasgow Swapfost. Saturday, February 
23, 8 AM till Glasgow Flea Market Building. 2 miles 
south ol Glasgow oil 3 IF Free coffee. free parking, large Ilea 
market and a Inendly gathering ol hams Admission $? 00 

No extra charge lor exhibitors One tree table per exhibitor 
Extra lablos S3 00 each Talk iri on M(i 34/94 or 147 63/03 
F01 information- N4UCO. Ri «<1. Do* 3'J-i Glasgow. KV .ti?M 1 

OHIO: The Cuyahoga Falls Amateur Radio Club's 3 is l an-
nual Electronic Equipment Auction and Hamlest. Sunday 
February 24, North High School. Akron 8 AM to 3 PM Tickets 
S3 00 at the door Sellers may bring own tables or some will 
be available to rent Talk m on 87/27 For information or reser-
vations SASF to Bill Sovinsky. K8JSL. 2305 24th St 
Cuyahoga Falls. Ohio 4.J223 a call <?1B) 923 3830 

OHIO: The 24fh annual Mansfield Mid Winter Hamlest/ 
Auction. Sunday, February 10, Richland County Fairgrounds 
Mansfield Doors open to public 8 AM Tickets S3 00 advance 
$4 00 at dooi Tables $5 00 advance, S6 00 door Hall tables 
available Talk in on 146.34/94 For information, advanced 
I ckols/lables SASE to Oean Wrasse. K0OMG. 1094 Beal 
Road. Mansliold. Ohio 4.1905 <419) 589-2415 An ARRUVEC 
license exam will be held at Mansfield campus. Ohio State 
University. North Central Technical College at t PM day ol 
the Mamlest SASE with 61O and check for $4 payable to 
ARRUVEC to Lloyd Nelson N8BA2, 630 Oak St . Lot 82. 
Mansfield. Ohio 44907 

Operating Events — " T h i n g s to do . . 
FEBRUARY M 0 : The North Oanacjan Radio Amateur Club 
wilt operate a special station to commemorate the ?5ih anni-
versary ol the Vernon Winter Cnrmval. the largest 111 Western 
Canada Listen for VE7MOR. our club station from ?i00i ' to 
?400? darly Frequencies 28 525, 21 375 and 14 225 F01 a 
spoci.jl cerlituroU.- :,i-ru.l IK) <>r2 IP1C s lo •covt" |H>'.;|age .ilar.cj 
with OSL information to Bo* t70G. Vernon BC CanadaV"T 
7T9 

MARCH 9 and I Or West Coast 160 Bulletin CW Contest 0000 
GM! 3/9 lo 2359 GM'I : i ' t0 Single Operators only Exchange 
FIST. OTH Subscribers, non subscribers Sconrig to points 
ffer QSO Multipliers states. Vfc" prov country Log info date 
time rs(l). OTH Send logs to H Ko/iomkowksi. 5 Watson 
Drive Portsmouth RI 02H7' Must be postmarked before April 
30. 1985 

MARCH 16 and 17; DAHC International SSTv Contest 1200 
UTC 3M6 to 1200 UTC 3M ? Ah tor SSTV authorised hands 
Exchange only iwn way video count Exchange call sign signal 
report and OSO senal number on video Logs must indicate 
dale, lime (UTC), call sign ol station worked and complete ex 
change lor each valid OSO Name and addrvss of entrants 
Mail contest logs to Hem,- Moesll. DE8BUS PO Bo. 1123 
06473 Gedorn t W Germany 

TUNE IN 
THE WORLD OF 

HAM-TV! 
Hams' should be "seen" 

as well as heard! Thou-
sands of ATV operators 
across the country are 
sending great looking color 
TV pictures (with sound) to 
each other. FSTV-DX can go 
hundreds of miles. There 
are now over 80 Ham Televi-
sion "Repeaters" relaying 
these video signals over 
rough terrain. 

Ham Radio UHF-TV is as 
simple as hooking up a 2 
meter rig and antenna. Our 
"Everyth ing You Always 
Wanted To Know About 
ATV" 112-page manual will 
teach you how to do It 
($9.95). 
* ' • 185 

Under the guidance of the "United 
States ATV Society." Amateur TV 
(FSTV-SSTV-FAX) is growing in actlvi-
ty. And, we've been promollng It now 
for over 18 years! 

Sample Issue - Just $2.50 ppd. 

Special Trial Subscription - $10.00. 

(t'tihloliril Mi'iitl i lvl 

A5 ATV Magazine 
P O . Box H . 

L o w l r n . I owa 

I.u I I l ' , ihli,. i.,.m In. 

ROHN 
"FOLD-OVER" 

TOWERS 
• E A S E O F I N S T A L L A T I O N 

R O H N " F o l d - O v e r " T o w e r s are q u i c k l y and 

e a s i l y installed. T h e " F o l d - O v e r " Is safe 

and easy lo service. 

• A D A P T A B I L I T Y 

R O H N h a s several s i z e s lo III y o u r applica-

tions o r you can p u r c h a s e the " F o l d - O v e r " 

c o m p o n e n t s lo c o n v e r l y o u r R O H N l o w e r 

into a " F o l d - O v e r " . 

• H O T D I P G A L V A N I Z E D 

A l l R O H N l o w e r s are hot d i p g a l v a n i z e d 

alter fabrication. 

• R E P U T A T I O N 

R O H N Is o n e of Ihe l e a d i n g l o w e r m a n u f a c -

t u r e r s . w i t h over 2 5 y e a r s of e x p e r i e n c e . 

W r i t e t o d a y f o r c o m p l e t e d e t a i l s . 

QUALITY STEEL PRODUCTS BY 

ROHN 
B o x 2 0 0 D - P e o r i a , I l l i n o i s 6 1 6 5 6 

U . S . A . 
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THE GUERRI REPORT^ 
superchlps 
come of age 
About five years ago the Depart-
ment of Defense embarked on an 
ambitious program to develop a fami-
ly of Very High Speed Integrated Cir-
cuits (VHSIC).The objective was to 
design a group of VLSI chips with 1.25 
micron features and a computational 
throughout of 5 x 10" gate-Hertz. 
The program has cost over $350 
million, but has yielded some impres-
sive results. Signal processing chips 
capable of performing 100 million 
multiplications per second, memories 
with densities of 5 million transistors 
per square inch, a complete vector 
arithmetic processor and a self-con-
tained convolutional decoder (a form 
of detector that can recognize very 
complex codes without going through 
all the arithmetic) have now been 
implemented. 

Although some of the chips being 
fabricated have specialized military 
functions, most are designed to form 
a family of arithmetic and signal 
processing functions. Both bipolar and 
CMOS designs have been im-
plemented, and some include current 
mode logic, which can perform sub-
nanosecond operations. All of this ex-
citing work is intended to be available 
eventually for commercial use. The 
next phase of the DoD program will 
aim at 0.5 micron features and nearly 
100 times the speed — by the end of 
this decade! 

advanced materials 
serve RF needs 

We sometimes forget the key role 
that proper materials selection plays in 

the correct performance of many 
products. For example, we all know 
that a stable oscillator requires a tun-
ed circuit with a high Q; that the active 
element must have carefully controlled 
gain and phase characteristics; and 
that all these parameters change with 
temperature. In the region below 100 
MHz, the most stable oscillators have 
been traditionally built using silicon 
dioxide (quartz) crystal elements as the 
resonator. In the VHF and microwave 
region, cavity resonators have been 
the principal alternative. 

The ideal resonator would have a 
very high Q, zero temperature coeffi-
cient, high permittivity (low radiation 
losses) and be supported by a dielec-
tric with no electrical or thermal losses. 
Designers of semiconductor oscillators 
find series resonant (low impedance) 
tank circuits convenient. This means 
that a high Q series tank will have high 
capacity and low equivalent induc-
tance. The modern alchemists have 
been at work on the problem and have 
now given us nearly perfect materials 
with which to solve the problem. 
Dielectric resonators made of ceramic 
materials with high dielectric constants 
(over 30), have made possible micro-
wave resonators with unloaded Q's of 
25,000 at 4 GHz and over 10,000 at 12 
GHz. These materials have extremely 
low losses and excellent temperature 
characteristics, making possible the 
production of oscillators offering 
crystal-like performance at microwave 
frequencies 

But hold on to your hat! In the 
search for the best dielectric materials 
to support these resonators, the ther-
mal tiles used to protect the Space 

Shuttle on re-entry emerged as an op-
timum material. With a dielectric con-
stant of 1.15 and legendary thermal 
characteristics, the tiles, made of 
foamed quartz, become a nearly per-
fect enclosure/support for a dielectric 
resonator. Using this combination of 
advanced materials, a major defense 
contractor has fabricated an oscillator 
that exhibits only ± 10 kHz drift per 
month — at over 6 GHz! 

Gallium arsenide digital circuits are 
already available in the 4 GHz region, 
so it shouldn't be too long before we 
can have phase locked loops at 5 GHz 
or so. Combined with SAW or dielec-
tric resonator filters, image-free up-
conversion receivers through 2300 
MHz can be a reality for Amateurs of 
the next decade. 

telephones to be 
more versatile 

Over the past few years the plain old 
family telephone has become a hot 
consumer product. We've seen a pro-
liferation of telephones that offer just 
about every convenience we could 
want in a single desk instrument. Up 
to 60 memories, on-hook dialing, full 
duplex speakerphone, as well as time 
and message unit recording, are now 
available in a multitude of styles at 
competitive prices. All of this capability 
has been made possible by the devel-
opment of specialized ICs which have 
considerable processing power in their 
structure. 

Most telephones now have 12-digit 
keypads, with each digit identified by 
a unique tone. If each digit is thought 
of as a single data "b i t , " then our or-
dinary keypad becomes a 12-bit code 
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TOUCH TONE® CONTROL generator. Twelve bits equals 2", or 
4096 possible codes if we use each 
tone just once in a 12-digit binary 
number. If your telephone were used 
as a small programmable data instru-
ment, then you wou ld have more than 
enough codes, and ample data resolu-
t ion, to control most of the common 
household items that now each have 
individual and far less accurate, con-
trollers. Household heating and cool-
ing, selection of cooking times and 
temperatures, cost-effective regulation 
of hot water use and temperature, 
security entry codes, and choice of 
entertainment channels, for example, 
can all be control led, changed, and 
recorded on our ordinary telephone. 
Moreover, because the telephone is 
connected to the rest of the wor ld, we 
can change this household data f rom 
remote locations as the need arises. 
For Amateurs, the possibilities are 
especially appealing. Many repeaters 
now have their functions controlled by 
tone decoders, in addition to having all 
the usual auto-patch facilities. Anten-
na rotor controllers that accept bear-
ing instructions from the telephone 
touchpad, remote frequency setting of 
transceivers, and a variety of data 
management funct ions will all become 
much easier and require only a single 
instrument for control. Someday we 
may even be able to reach out and 
. . . well, you know. 

ham radio 

New CMOS DTMF Chip Kit 
Tel tone's T R K - 9 5 7 Kit m a k e s it eas ie r a r id 
less e x p e n s i v e [o b r e a d b o a r d a low-power , 
cen t ra l o f f i ce qua l i t y D T M F d e t e c t i o n sys tem. 
Al l you n e e d is a power sou rce I r o m 5 to \2 
V O C T h e sens i t iv i ty , w ide d y n a m i c range , 
no ise immun i t y , a n d low-pnwcr c o n s u m p t i o n 
make t h e T R K - 9 5 7 idea l for t e l e p h o n e 
sw i t ch ing , c o m p u t e r , a n d r e m o t e c o n t r o l 
app l i ca t i ons The T R K - 9 5 7 D T M F Kit is on ly 
$2A 75 To o rde r ca l l 

( 8 0 0 ) 2 2 7 - 3 8 0 0 , ex t . 1130, 

t C E L X O N E ' 196 

NEVER BEFORE HAS SO MUCH CONTROL.. 
COST SO LITTLE!! 

MODEL CS-16 $164 / 

Two independent user programmable 
three digit passwords permit hierarchy 
control. 
The secondary (user) password can 
only access 8 of the 16 latched ION/OFF) 
functions. 
However full 16 lunction control is 
available to control operators using 
the primary password. Additionally 
secondary password access can be 
enabled/disabled with a special 
primary password command. 
Our CS-16 puts repeater control 
ops. . . IN C O N T R O L 

COMMON 
• Open collector (can drive relays 

directly) and logic outputs for each 
of the 16 functions 

• SSI-202 central office quality XTAL 
controlled tone decoder 

• Adjustable pre-arnp accommodates 
10MV-2 volt input 

• Retransmission of control tones 
can be eliminated by use of either 

MODEL CS-1688 $189 i 

Our new CS-1688 is the most powerful 
touch tone controller in the industry! 
DIP switch programmability allows 
you to choose any of these ten 
mode/function combinations... 

OUTPUT FUNCTIONS 
• 1 2 3 4 5 6 / 8 9 0 . II A B C 

D7 tinoup ucCHOUP 

FEATURES 
open collector or data strobe logic 
outputs 

• Operates from 10-25 oils DC. 
Reverse polarity protected 

• 4'A" x 6V2" glass board with 44 
pin gold plated edge connector 

• Comes complete with manual and 
mating connectot 

Add S3 DO PSH CaWoima residents add sales lax 

Call or write for information on these signaling products also: 
Model CS-10 DIP relay board packages 10 DIP relays. 
Model CS-100. . .A 19" rack mount that houses a control card and two 
CS-10's. All inputs and outputs available on convenient barrier strips. 

TYPICAL REPEATER CONTROL APPLICATIONS 
HI/LO POWER — PLfCOH - TIGH1 /LOOSE SOUELCH - OPENICLOSED SQUELCH -
REPEATER ONiO! :F - AUTOPATCH ON/OFF - TOLL RESTRICT ON/OFF - RINGBACK QNWFF -
LONG/SHORT HANGTIME — ANTENNA UAMTENNA 2 - REMOTE BASE ON/OFF - F,/F, -
AUX LINK ON/OFF - TONE MUTING ON(OFF - SPARE TRANSMITTER IN,OUT - ETC. ETC 

SELECTOR MODE APPLICATIONS 
1 OF N FREQUENCIES - 1 OF N PHONE LINES — I OF N ANTENNAS - I OF N REPEATERS ETC 
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what's wrong with Amateur Radio? 
A lot of fuss is being made these days about the future of Amateur Radio. The number of new hams enter-
ing the hobby is down significantly; 10.2 percent fewer licenses were granted in 1984 than in 1983. The number 
of hams who upgraded in 1984 was down 30 percent from 1983, and of the hams currrently licensed, 25 percent 
will choose not to renew their tickets. For the first time in ten years there was, at year's end, a net loss of 
licensed Radio Amateurs. 

What does this all mean? 
Very simply, it means that Amateur Radio has some big problems. 
Not all the problems are within. There's a lot of pressure from outside the hobby. Municipalities seek to limit 

or prohibit tower construction and control sources of possible Rfl. Commercial and other interests want our 
spectrum space. The FCC, on one hand, has made getting the Novice license easier; on the other hand, upgrading 
has become more difficult — though perhaps this is no more than a temporary effect of implementing the Volunteer 
Examiner program. 

It all adds up to an unhealthy situation. And unless all of us — each and every ham in the United States — 
gets involved, very soon. Amateur Radio as we know it may cease to exist within the next ten years. 

Some might say this is an overly provocative statement, and that I'm seriously exaggerating the situation. 
I don't think so. 
A few days ago I read an editorial by Al Dorhoffer, K2EEK, in the February, 1985, issue of CQ, and spoke 

with Al by phone later. 
While ham radio and CQ address two uniquely different segments of Amateur Radio, our futures are irrevocably 

linked to the future of this hobby. In his editorial, Al pointed out that we heed to involve our children in Amateur 
Radio. There's a dual meaning here, because by "our children," Al means both our own offspring and children 
in general. Before you go out and rail against what is or isn't being done by everybody else, let me ask you 
to look at your own household. On close examination, I think you'll find some interesting information there. 

If you do have kids at home, are they hams? (If they are, congratulations. You can skip the next paragraph.) 
If they aren't hams, why aren't they? Have you done everything possible to interest them in Amateur Radio? 

Or have you bored them with statistics and failed to show them how much fun Amateur Radio really can be? 
Watching Mom or Dad on the air isn't the answer. 
Hands-on experience is. 
Studies in group dynamics show that in any group, 90 percent of the work is done by 10 percent of the people 

involved. If you're sitting back waiting for somebody else to interest your kids — or your neighbor's — in Amateur 
Radio, you can sit back and watch Amateur Radio wither away. All across the country there are local pockets 
of enthusiasm that seem to turn out the majority of new hams year after year. If your area isn't one of these, 
what are you doing to make it so? 

Examining the latest figures on VEC exams given nationwide, I was discouraged to find that while some areas 
are being well served, with aggressive recruiting programs and regularly scheduled examinations, others were 
still waiting for their first exam sessions. 

Another point K2EEK mentioned must be emphasized: Amateur Radio is not a private club. Once we've 
attracted new hams — whether they're young people or adults — we owe them all the nurturing, all the help, 
we can give them. When questions are asked, help should be given. Several months ago we received a letter 
from an irate newcomer to the hobby. An eager Novice, he'd joined a local ham club only to be totally ignored 
by most of the membership. Meetings were spent discussing ways to beat the cable company and how so-and-
so was such a ding-a-ling. Nobody was interested in helping him enter the mainstream of Amateur Radio. 

On the way to visit relatives over Christmas, I was talking with a friend on a repeater in central Pennsylvania. 
After we signed, two other hams got on and proceeded to have a donnybrook. If I'd been trying to demonstrate 
the wonders of Amateur Radio to a friend at the time, I would have been terribly embarrassed. What would 
he have thought? 

The bottom line is that before we go blaming anyone else for the problems in Amateur Radio, we have to 
look at ourselves first. If you have kids at home, and they're not hams, how cornel If your club doesn't have 
any young members, why not? And if you're quarrelling on the air, what are you telling prospective hams about 
Amateur Radio? 

It's up to us to make sure that Amateur Radio survives. If we do nothing but blame everyone else, it won't 
— it's really that simple. 

Physician, heal thyself. 
J . Craig Clark, Jr., N1ACH 
Assistant Publisher 
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SENATE SUPPORT FOR PRB-1, ARRL'S PETITION REQUESTING FCC PREEMPTION of state and 
local restriction of Amateur antennas and activities, is being sought by Senator Barry 
Goldwater, K7UGA. In his Senate Resolution 36 he states it is the "sense of the Senate" 
that the FCC affirm that state and local governments must not pass laws that "discriminate 
unreasonably among Amateur Radio Antennas..." or "have the effect of prohibiting or frus-
trating the transmission or reception of Amateur Radio communications...." A parallel 
proposal, Senate Resolution 35, extends the same protection to TVRO satellite antennas. 

If The Senate Does Vote In Favor Of Resolution 36 it will provide a big boost for 
PRB-1, even though it is not binding on the FCC, Amateurs everywhere should contact their 
senators immediately to urge them to support Senate Resolution 36—and also Senate Bill 66, 
Goldwater's new bill making intentional interference to any radio service a federal crime. 

AMATEUR VHF/UHF FREQUENCY COORDINATION SHOULD BE A NATIONWIDE, organized effort, the 
FCC has proposed in a far-reaching NPRM that's just been released. An increasing number 
of requests from Amateurs for FCC assistance in settling repeater conflicts, plus the gen-
eral awareness that the problem will continue to worsen with ever-increasing VHF/UHF band 
usage, is behind the FCC's proposal. One example is the recent case of a New England 
repeater operator who sued another repeater group and the council that coordinated them 
on his machine's frequency. That conflict was resolved only with the intervention of top 
ARRL officials, and the second machine is now looking for another frequency. 

Role Model For An Amateur Radio National Volunteer Coordinator is the land mobile 
industry, where industry trade groups have set up a coordination effort that is highly 
respected and considered very effective. For Amateur Radio, the ARRL is the logical — if 
not the only—organization capable of taking on an effort of such magnitude. However, in 
the past the League has steadfastly maintained its distance from coordination efforts, 
limiting its involvement to band plan generation and publishing its repeater directory. In 
its 1985-86 Repeater Directory, however, the League does plan to indicate which repeaters 
are "coordinated" and which are not. The actual coordination has been done by state or 
regional councils or individual volunteer coordinators, with varying degrees of success. 

The Comment Period On The National Coordinator Proposal, designated PR Docket 85-22, 
has been made unusually long. Comments are not due until July 1, while Reply Comments 
can be submitted until September 30. 

The Midwest Meeting To Discuss 20 kHz Spacing On 2 Meters' High End was considered 
very successful, despite record-breaking cold over the January 19-20 weekend. About 40 
people — representing Ohio, Indiana, Kentucky, Wisconsin, Ontario, and of course Michigan, 
whose decision to shift to 20 kHz next year had precipitated the meeting—were present. 
Tone of the ARRL-sponsored session was generally positive, but with little apparent enthus-
iasm outside of Michigan for the change. The meeting lasted over five hours, and when it 
ended the Michigan representatives agreed to take the matter back to their council for 
further discussion. A followup meeting may take place at the Dayton Hamvention in April. 

Texas' Decision Whether Or Not To Adopt 20 kHz Spacing was expected at the February 16 
meeting of the Texas VHF FW Society. Nebraska Coordinator WA0WRI reports his state is not 
considering a shift to 20 kHz spacing, contradicting February Presstop. He also says 
there's little support for a move in Iowa, and he expects it to be voted down in Kansas. 

STIMULATING INTEREST IN AND GROWTH FOR AMATEUR RADIO was to be the subject of a closed, 
all-day meeting January 31 just before the Miami Tropical Hamboree. Initial idea for the 
meeting came from Mike Lamb, N7ML, of AEA, and it was picked up by many other Amateur 
Radio manufacturers, distributors, and publishers. Focus of the discussion was to be on 
how Amateur Radio, whose growth has stagnated in recent years, can be revitalized, and 
what can be done to make the ARRL's growth targets for the next few years possible. A 
report on this crucial meeting will appear in ham radio's April issue. 

A VEC NO LONGER HAS TO ADVISE THE FCC FIELD OFFICE OF FORTHCOMING EXAMS under an order 
adopted by the Commission in late January. It should be effective before this reaches 
print. Another rules relaxation to simplify VE paperwork, also adopted, is due shortly. 

The 30-Day Walt Before Taking A Failed Exam May Be Dropped altogether under a Notice 
of Proposed Rule Making released in January. The Commission's proposal, PR Docket 85-21, 
would remove the mandatory delay from the exam rules; an applicant, if he wished and the 
VEs permitted, could retake a failed exam the same day he flunked it! The only limitation 
would be that the VEs would have to give him a different set of questions for the second 
attempt. In addition, under the proposed rules change a VEC could, if it wished, set a 
waiting period of its own choosing. 

Comments On PR Docket 85-21 Will Be Due About April 1, with Reply Comments two weeks 
later"! (The exact dates had not yet been set at press time.) 

IMPLEMENTATION OF WARC CHANGES IN MICROWAVE AMATEUR BANDS have been proposed in yet 
another FCC NPRM. The most significant change in the proposal is probably the loss of 25 
MHz at the bottom of the 21-cm band, making it 1240-1300 MHz instead of 1215-1300 MHz. 

Comments On The WARC Microwave Implementation Proposal, PR Docket 85-23, will be due 
about the first of April. Reply Comments will be due in mid-April. 
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new trends in 
communication technologies: 

radio astronomy and 
the search for 

extraterrestrial intelligence 
"Man's first step toward maturity 

may be to contact life beyond the solar system." 

f ig. 1. This radio te lescope — larger th an three footbal l f ields - a l lows for the detection 
of thousands of radio sources ex tend ing to distances of 10 bill ion l ight-years (1 light-
year = 6 x 1012 mi lesl . (Photo courtesy of Ohio State University Radio Observatory.) 

If you're looking for a new 
technical challenge, you may find 
SETI, the Search for Extraterrestrial In-
telligence, to be just the frontier you've 
been seeking. With today's microwave 
technology, it is possible to communi-
cate anywhere within our galaxy. And 
although radio astronomy is still a 
relatively young science*. Amateur 
Radio operators have access to most 

of the state-of-the-art components 
found in a professional radio astron-
omy center, with the possible excep-
tion of the very large antennas. 
Because nobody knows what the first 
extraterrestrial signal will be like, there 
is ample room for ham ingenuity. After 

— Bernard M. Oliver 

all, if hams were to be the first to 
communicate with extraterrestrials, it 
wouldn't be the first time a major 
scientific breakthrough had been made 
by hams — remember, not too long 
ago hams discovered the ionosphere.1 

For several years I have been con-
templating the construction of a 
system that would allow the reception 
of intelligent information generated by 
a hypothetical 1-Gigawatt EIRP (real 
power times antenna gain) transmitter 
located approximately 25 light-years 
away. I prepared this article in order to 
share some of the knowledge gained 
during this process and to provide 
a comprehensive overview of recent 
progress in radio astronomy (including 
SETI) and to assess what Amateurs 
can do with even limited resources. 

'Unlike oilier fivt;nls in science, the birth of radio 
astronomy can be traced precisely - to the early 1930's 
when Carl B. Jansky, a Bell Telephone radio engineer, 
performed antenna noise studies for long-rango com-
munications 3t the wavelength of 14.6 maters. With 
these studies. Jansky proved that extraterrestrial radia-
tion can be received. Jansky's experiments were fol-
lowed, in the late 1930's, by Grote Reber. W9GFZ. an 
amateur astronomer who designed and built the first 
parabolic radioteloscope and performed a survey of the 
galaxy at the wavelength of 1.9 meters. 

By Cornell Drentea, WB3JZO, 7140 Colorado Avenue North, 
Brooklyn Park, Minnesota 55429 
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fig. 1B. Block diagram of the Ohio State University radio telescope configured for SETI. The system covers an instantaneous bandwidth of 500 kHz through a bank of 50-channel 
IF filters at 10.7 MHz (individual filter bandwidth is 10 kHz). (Courtesy of Ohio State University Radio Observatory.) 



f ig. 2. Master map of an Ohio University radiometer search. Maps below illustrate details of two sections indicated above. 
(Courtesy of Ohio State University Radio Observatory.) 
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fig. 3. A map of the radio sky obtained with a simple amateur radiometer. Because of 
the antenna's low resolution, discrete radio sources appear as a set of signal gradient 
lines resembling a surveyor's map. 

conventional radio 
astronomy 

There are two current trends in radio 
astronomy. The first, and by far most 
popular, involves the study of wide-
band noise generated by powerful 
sources within our galaxy or in other 
galaxies. The second, which occupies 
only a small fraction of the total activi-
ty, employs extremely narrow band-
width receivers designed for the detec-
tion of intelligent monochromatic sig-
nals in the microwave regions of the 
frequency spectrum where the level of 
intergalactic noise is lowest. 

Within the context of the first trend, 
it is relatively easy for an Amateur to 
build a radiometer receiver intended for 
casual observations of very strong 
radio sources. Because of the uniform 
distribution of wide-band noise over 
the receiver's bandwidth, no particular 
attention to local oscillator stability is 
required. There would likewise be no 
need for precise tuning to compensate 
for the Doppler shift in the incoming 
signals caused by Earth's rotation and 
by the relative motion between the 
observed celestial object and our own 
solar system. 

Professional radiometers employ 
giant steerable antenna arrays that 

allow for the detection of natural radio 
sources located at great distances 
from Earth. A continuum survey of the 
sky was made by the Ohio University 
Radio Observatory, using the installa-
tion shown in fig. 1A and 1B. The 
receiver employed a liquid nitrogen-
cooled parametric amplifier with a 
calculated system temperature of 95 
degrees K. The bandwidth was 8 MHz 
and the output was integrated over a 
10-second period. Concurrent record-
ing was performed after processing the 
data through IBM 7094 and 1620 com-
puters. The entire system was syn-
chronized with a sidereal clock ac-
curate to within 0.05 second. Results 
have been plotted in maps of the 
region surveyed as shown in fig. 2. In 
its search of almost the entire sky, 
from - 36 to +63 degrees, the Ohio 
State project found 20,000 radio 
sources. 

While such performance cannot be 
duplicated by the backyard radio as-
tronomer, remarkable results can be 
obtained with relatively modest installa-
tions. An Amateur radiometer is usual-
ly a high-gain VHF/UHF superhetero-
dyne receiver that features simple am-
plitude modulation detection followed 
by a DC amplifier equipped with an in-

tegrator. The output transducer can 
take the form of a conventional chart 
recorder or some other measuring de-
vice, or can be an analog-to-digital 
(A/D) converter connected to a micro-
computer using a dot matrix printer for 
the output. The format would be digi-
tized flux samples (values from 0V to 
9V) at, for example, 1-second intervals 
printed out in 60-second columns for 
a total of 1 hour of information per 
page. With such a receiver and a multi-
element beam antenna — and with 
considerable skill and patience — a 
serious Amateur can map the radio sky 
in a short time. 

The methodology employed involves 
pointing the antenna at a known celes-
tial location and then relying on the 
Earth's rotation to bring in the various 
natural radio sources. This requires 
knowing celestial coordinates and 
times as well as converting the re-
corded information and antenna posi-
tion into the right ascension and de-
clination values in order to plot the 
signal onto a celestial map that would 
resemble the actual sky (see f ig . 3). 

A typical multi-element beam anten-
na with a major lobe beamwidth bet-
ween the half power points of approx-
imately 30 degrees would allow a 
natural radio source to pass through its 
beam in approximately two hours (the 
apparent rate of movement of a celes-
tial object is 15 degrees per hour at the 
equator). This in turn would be suffi-
cient to allow for the reception of 
strong Milky Way sources such as 
Cygnus A, located approximately 500 
light-years away, and Cassiopeia A, 
located approximately 200 light-years 
away, regardless of the system's band-
width or operating frequency. 

very-long-baseline 
interferometry (VLBI) 

In order to increase the resolution of 
a simple radiometer so that much 
smaller or more distant objects can be 
distinguished, increased antenna direc-
tivity is required. This, in turn, dictates 
large physical installations, which are 
difficult and costly to build. To over-
come this problem, a new kind of a re-
ceiving system, the interferometer, 
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was developed. This system uses a 
pair of antennas and transmission lines 
separated by a specific horizontal dis-
tance (i.e., the "baseline") extended 
to an even multiple of the operating 
wavelength, preferably more than fif-
teen wavelengths. The system is usual-
ly configured in an east-west orienta-
tion. The idea is that a radio signal 
from a celestial source arrives at two 
antennas successively, in phase and 
out of phase, because of Doppler 
shifts caused by the Earth's rota-
tion. If the two signals are combined 
through a zero-degree RF combiner, a 
fringe pattern of interference results, 
breaking up the large central antenna 
lobe into a variety of smaller ones. The 
longer the baseline, the narrower the 
lobe, or "aperture" (see fig. 4). 

Very-long-baseline interferometry 
(VLBI) is possible today through obser-
vations made simultaneously by radio 

telescopes thousands of miles apart, 
with local oscillators and subsequent-
ly recorded data synchronized within 
a fraction of a microsecond through 
the use of atomic clocks. This elimin-
ates the need for running coaxial 
cables from the antenna sites to the 
central location for processing, and the 
result can be a beamwidth of 0.0001 
arc-second, which is far superior to op-
tical telescopes previously used. For 
comparison, the 200-inch optical tele-
scope on Palomar Mountain has a 
theoretical resolution of 0.023 arc-
second. Yet because of the effects of 
atmospheric phenomena, its practical 
resolution is only about 1.0 arc-second. 
A block diagram of a VLBI system is 
shown in fig. 5. 

Using a special hybrid mapping 
technique and several radio telescopes 
located in California, Texas, West 
Virginia, Massachusetts, and West 

Germany, astronomers have recently 
made some exciting new discoveries. 
The first quasar (3C 147) ever observed 
with this method has been effectively 
mapped; it is located some seven 
billion light-years away. The resolution 
was in the order of 0.01 arc-second — 
a considerable improvement over the 
resolution of the Palomar optical tele-
scope, which detects 3C 147 as no 
more than a faint star. The radio 
picture revealed a jet 5000 light-years 
long emanating from a bright core. 
Another quasar (3C 273) was observed 
with a resolution of 0.001 arc-second; 
its observation recorded matter being 
ejected from a bright core traveling at 
nearly the speed of light, a previously 
suspected phenomenon called super-
luminalmotion. (Superluminal motion 
has been found in two additional 
quasars and in a distant galaxy as 
well.) — W l r ~ > 

OF SKY 

fig. 4. The principle of the radio interferometer telescope. At (A), the signal received by an antenna system peaks over 
a broad area of the sky. At (B), the signal received by interfering signals from each antenna peaks over a narrower area 
of the sky. 
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We will now turn not to the proba-
bility of life elsewhere — the subject 
has already been discussed in great 
detail — but to the possibility of receiv-
ing intelligent transmissions (see fig. 
7). Assume that extraterrestrial life ex-
ists. Assume also that the only reason 
we haven't yet discovered extrater-
restrial life is because radio technology 
has only recently matured sufficiently 
to allow low noise amplifiers and high 
resolution microwave synthesizers to 
be used. 

To make the best possible effort in 
searching for extraterrestrial signals, 
we would have to cover the micro-
wave frequency range between 10* to 
1010 Hz <1-10 GHz) in narrow steps of, 
say, 1 Hz. (Ultra-narrow bandwidths 
are necessary to obtain the best signal-
to-noise ratios in SETI.) This means 
9 x 1 0 ® steps. If we would spend one 
second per frequency step, and search 
with one thousand frequencies at 
once, thereby reducing the number of 
steps to 9 x 106, it would take 
approximately three months to search 
the sky in a single direction. The other 
condition for our nearly ideal search 
would be very narrow antenna beam-
widths. If our radio telescope would 
allow a resolution of three million dif-
ferent directions, an all-sky, all-fre-
quency search within the above para-
meters would be completed in approxi-

Although it is impossible for a Radio 
Amateur to perform such high resolu-
tion experiments, simple backyard in-
terferometers can provide beamwidths 
as narrow as five degrees, depending 
upon the frequency of operation and 
the length of the baseline. (See fig 6.} 

the search for intelligence 
So far we have discussed only one 

aspect of radio astronomy, that of re-
ceiving and studying wide-band radio 
noise from non-intelligent sources lo-
cated hundreds and even thousands 
of light-years away. The powerful 
nuclear reactions within these systems 
result in natural transmissions of formi-
dable amounts of RF power to be 
detected by our rather primitive radio 
equipment. 

CELESTIAL RADIATION CELESTIAL HAOIATOH 

WW 
INTERFERENCE FRINOf PATTERN 

fig. 5. Very-long-baseline interferometry (VLBI) eliminates the need for the antennas to 
be (hard) connected to a single receiver. Atomic clocks allow the synchronization of 
separate local oscillators at all locations to a fraction of a microsecond. The final cor-
relation of the data is achieved later at a central processor by playing back and syn-
chronizing the wide-band video information. 

N 

s 

fig. 6. Higher (but still low) resolution mapping of the radio sky than in the case of sim-
ple radiometry can be obtained with narrower beamwidth antennas as in the case of 
amateur interferometry. 
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- 1 8 . 4 4 1 1 . 4 5 2 2 1 8 5 7 
- 1 8 . 4 8 1 1 . 4 7 2 2 1 9 0 9 
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- 1 8 . 5 6 1 1 . 5 1 2 2 1 9 3 3 
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f ig. 7. T h e f a m o u s " W O W " signal w a s received b y the O h i o S ta te Rad io Observatory o n A u g u s t 15,1977, at 22 hours 15 minutes a n d 35 s e c o n d s 

Eastern S t a n d a r d T i m e . This s ignal is o n e o f several myster ious s ignals rece ived f r o m outer space . A l t h o u g h it lasted on ly a minute , never 

to reappear, scientists are certain that the signal w a s of intelligent origin, a n d w a s issued f rom a source at least as distant as the m o o n . (Courtesy 

of Ohio State University Radio Observatory.) 
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fig. 8. The logarithmic relationship be-
tween sky noise temperature expressed 
in degrees Kelvin and equivalent system 
noise figure expressed in decibels IdB). 

mately ten million years — a rather im-
practical proposition for any mortal. 
We have to reduce the scope of our 
search, therefore, to match our time 
and technological limitations. Let's 
look at some of these limitations. 

We can expect that in comparison 
with the natural RF sources previously 
discussed, intelligent signals trans-
mitted from outer space would be of 
much lower power levels. Low power, 
in this case, could mean extraterrestrial 
transmitters of powers comparable to 
our strongest transmitters — one Giga-
watt EIRP or more. Consequently, a 
terrestrial system intended for receiv-
ing these signals would have to oper-
ate against a quiet background so 
that its range would be limited only 
by its own noise figure, which should 
be no greater than the intergalactic 
noise level present at its antenna. See 
fig. 8.) 

Although "intelligent" transmitters 
could be expected at almost any mi-
crowave frequency, radio astronomers 
have found a quiet range in the fre-

v (GHi) 

fig. 9. The "water hole" window provides the best overall noise performance for receiv-
ing intelligent transmissions from outer space. This frequency band has been suggested 
by astronomers as a possible radio meeting point for extraterrestrial civilizations which 
base their existence on water (see text). 

quency spectrum that would be ideal 
for communication with civilizations 
attempting to communicate with us by 
radio. (This judgment is based upon 
our limited idea of what life is. It does 
not extend to other possibilities such 
as life forms based on elements other 
than carbon.) 

Located between 1.4 GHz and 1.7 
GHz, this area of the spectrum is the 
"water hole" frequency range. It exhib-
its a noise temperature of 6 to 8 de-
grees K !3 to 5 degrees K measured in 
space). This temperature would allow 
a 1-Gigawatt EIRP transmitter located 
approximately 26 light-years away to 
be heard with a modest backyard SETI 
radio telescope. (See fig. 9.) 

The term "water hole" was sug-
gested by the existence of two natural 
frequencies at each end of the band. 
Interest in persuing this concept was 
triggered in 1959 with the publication, 
in Nature, of a paper by Guiseppe 
Cocconi and Philip Morrison entitled 
"Searching for Interstellar Communica-
tions." Cocconi and Morrison pointed 
out the importance of radiation from 
hydrogen atoms reaching the Earth at 
an ideal spot on the frequency spec-
trum which coincides with the mini-
mum background noise. At 1.42 GHz 
there is a natural radio beacon caused 
by interstellar hydrogen (H); another 
natural beacon exists at 1.66 GHz. This 
one is caused by hydroxyl (OH) ions 
traveling in space. When chemically 
combined on Earth, the two produce 
water (H2O) — thus the terminology 
"water hole." Because hydrogen is the 
simplest, most abundant element in 
the universe, and because water is one 
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fig. 10. The concept of information ob-
tained at the output of a circularly 
polarized, sense-switched receiver 
which is responding to a hypothetical 
binary circular polarization modulated 
signal and using a single frequency. 
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of the basic requirements of life as we 
know it, this frequency range has been 
favored by scientists as the "magic" 
band for interstellar communications. 
The concept of the water hole as-
sumes two things: first, that all life in 
the universe is a function of water, and 
second, that any extraterrestrial civili-
zation attempting to communicate 
with us would select this frequency 
band for the same reasons we did. 

One important factor in receiving in-
telligent transmissions would be the 
signaling protocol and the rate of 
transmission used by the sending civil-
ization and consequently the modula-
tion scheme. If we may judge by our 
own experience, it is reasonable to 
assume that the sender would choose 
a simple two-state binary signaling 
scheme that could be modulated slow-
ly (and therefore compatible with sig-
nal-to-noise bandwidth requirements) 
in one of four modulation schemes: 
amplitude, frequency, phase, and 
polarization. 

A careful analysis of these modula-
tion techniques indicates that the first 
three would be difficult to receive. If 
amplitude modulation were used, a 
binary "1" would be detected as the 
transmitter would be turned on. How-
ever, positive identification of the 
reverse state (i.e., 0) would be less 
probable because there would be no 
signal to reveal this information. While 
this method is acceptable in casual CW 
signaling, anti-cryptographic studies 
indicate that information would be lost 
if such a method were used (a true - 1 
state would be required for positive 
identification). 

Two distinct binary states could be 
obtained with conventional frequency 
shift keying. However, the introduc-
tion of a new element — the second 
frequency — would make the search 
more difficult in view of the narrow 
bandwidths used. While phase modu-
lation is a superior method for carry-
ing data communication in that it re-
quires only half the signal-to-noise 
ratio of the other modulation schemes 
for the same amount of information, 
it is thought to be the least likely to be 
used in searching for unknown signals. 

The most likely method of radio 
communication that might be used by 
an extraterrestrial civilization is binary 
antenna polarization modulation using 
the same frequency. By properly 
changing between two orthogonal 
polarizations such as two perpen-
dicular linear polarizations, or between 
left and right circular polarizations, the 
two binary states could be transmitted 
on the same frequency by switching 
the transmitter's output as shown in 
fig. 10. This in turn would allow for 
reversely polarized receiving antenna 
arrays on earth to receive the binary in-
formation and process it through two 
distinctive radio receivers as shown in 
f ig. 11 — or one receiver that would 
switch between two properly polarized 
antennas. Most searches for intelligent 
signals to date have been performed 
in the water hole frequency range 
using the latter method. 

designing receivers 
Over the past few years several 

methods have been suggested for 
receiving ETI signals. One technique 
— based on the "pulse" theory — 
stands a good chance of acceptance 
and is of interest to Amateurs because 
it requires simpler receiving equipment 
than other methods. This technique 
assumes the transmission of high 
power pulses of one second or longer 
in a digital binary format, as previous-
ly discussed. This concept makes 
sense because the average power 
available from a hypothetical extra-
terrestrial transmitter would probably 
be limited hy thermal inefficiencies. 
(Although the topic is debatable, we 
assume that extraterrestrials would 
have technological problems similar to 
ours.) Much more peak power could 
be obtained from pulsed binary 
transmitters, which can overcome the 
noise figure limitations of target 
receivers and can be spread over 
relatively wider bandwidths so that 
complicated Doppler corrections 
would be minimized. Pulse receivers 
with ultimate bandwidths of up to 10 
kHz have been used in the "magic" 
frequency range. 

On the other hand, recent experi-

ments favor the very narrow band-
width/beamwidth beacon approach 
because of the superior signal-to-noise 
ratio obtainable. Using this concept, 
powerful beacons would be directed at 
the solar system chosen as an ap-
propriate "target" by the sending civili-
zation. The signal would be trans-
mitted frequency-corrected so that it 
would be received on earth near the 
laboratory neutral hydrogen-line fre-
quency (1.42 GHz/21 cm), thereby 
simplifying our search. The correction 
would include the source's Doppler 
shift and the frequency shift caused by 
the radial velocity of our sun, known 
by the sender from long-term astro-
nomical observations of our solar 
system. 

A terrestrial receiver would be equip-
ped with multiple ultra-narrowband IF 
filters. The theoretical minimum band-
width for interstellar communications 
has been recently calculated by Drake 
and Helou23, who indicate that its 
limit is determined by the effects of the 
multipath scattering phenomenon re-
sulting from turbulent ionized gases — 
the same effect that causes pulsar 
scintillation. Consequently, a pure car-
rier in the water hole will have a 
tendency to be wider at the arrival 
point than its originated bandwidth, 
say 0.01 Hz, after traveling 100 Parsecs 
(1 Parsec = 3.26 light-years). This can 
be important in the selection of band-
width set as the limitation for practical 
filter design in SETI receivers. 

Ultra-narrowband searches have 
been conducted at the Arecibo Ob-
servatory and at Harvard University by 
a ham radio operator, Professor Paul 
Horowitz, W1HFA. In 1978 Horowitz 
observed nearly 200 nearby stars simi-
lar to our sun at the 21-cm neutral 
hydrogen line wavelength by using 
the observatory's 305-meter dish (see 
fig. 12). The receiver (figs. 13A, B, 
and C) used a dual circular polarization 
feed which gave an effective antenna 
area of 22,000-m2 (with 68-dB gain). 
The overall system temperature was 80 
degrees K. 

As shown in fig. 13D parametric 
amplifiers were used for the front end 
(new GaAs FET amplifiers have since 
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Electronics Supply 
1508 McKinney 

Houston, Texas 77010 
Call for Quotes 

713-658-0268 
EQUIPMENT 
KENWOOD R-11 SPECIAL 69.96 
KENWOOD - We have all the KENWOOD line In stock, 
including the NEW RIGS: TS-711A 2 mtr. all mode, 
TR-2600A HT. TH-21AT mini HT, TH-41AT 70 cm mini HT. 
TS-811A 70cm all model TM-211A mobile. TS-411A 70cm 
mobile TS-670 40. 15. 10 and 6 mtrs CALL FOR PRICES 
KENWOOD SWL R-2000. R-1000, R-600 and the R-11 CALL 
KENWOOD TS-430S and TS-930S CALL 
KENWOOD TS-530SP and TS-830S CALL 
ICOM 02AT 299 95 
YAESU FT203R CALL 
MIRAGE AMPS less 12% 
DENTRON GLT1000 1KW PEP tuner 174.95 
WW. NYE MB-V 3KW tuner/switch 489 95 
ICOM R-71A 649.95 
CES 510SA SMART PATCH 299 95 
ACCESSORIES 
FLUKE 77 auto digital multimeter 114 95 
BENCHER less 10% 
VIBROPLEX less 10% 
HEIL SOUND less 10% 
DAIWA NEW METERS CALL 
GORDON WEST code tapes (great) 9.95 
HI-MOUND Keyer paddles less 10% 
ALPHA DELTA MACC-8 surge protector 71 95 
AMPHENOL 
831-T coax tee 4.00 
PL-259, 831-SP 1.25 
UG-176 reducer. RG8X/RG59 30 
4400 N male to SO-239 6 00 
2900 BNC male to SO-239 4.00 
8261 N male 3 00 
83-10 RCA to SO-239 3 00 
82-97 N female chassis 3 00 
Other AMPHENOL products STOCK CALL 
BELDEN CABLE STOCK CALL 
ANTENNAS 
BARKER & WILLIAMSON Antennas less 10% 
BUTTERNUT HF-2V 80 8i 40 mtr 125.00 
BUTTERNUT HF-6V 80 thru 10 125 00 
BUTTERNUT accessories stock CALL 
AEA ISOPOLE 144 39 95 
HYGAIN CALL 
MOSLEY TA-33M 249 00 
MOSLEY PRO-37 469 .00 
MOSLEY TA-33JR 189 00 
We stock MOSLEY CALL 
LARSEN CALL 
CDE 45-2 Rotator 99 9b 
CUSHCRAFT A147-11 49.95 
A147-4 29.95 
215WB...NEWI! 2 mtr. beam 79 95 
AOP-1 complete OSCAR Antenno 14995 
we have a large CUSHCRAFT inventory 
HUSTLER CALL 
ANTECO 2mtr 5/8 mag mount 24.95 
KLM KT34A 329 95 
JV2X 2 meter vertical 31 95 
435-40X 159 00 
432-20LBX 66 95 
432-16LBX 49 95 
40M-2 2 el. 40 mtr 298 95 
2M-13LBA 7995 
2M-22C 119.95 
2M-14C 87 95 
KLM is always in stock, large selection of HF, VHF. UHF. 
8t WORLD CLASS CALL 
GUY CABLE , regular & E.H.S CALL 
ROHN TOWER 
FK-2548,48 ft. with guy bracket, rotor shelf, eave bracket 
& M200H mast 999 00 
GENUINE ROHN ACCESSORIES CALL 
SURPLUS 
CDE DPDT RELAY 10 amp. NEW 5.00 
2 5A/1000 PIV epoxy diode 19.00/100 
RTTY 
We stock AEA, HAL, KANTRONICS 8< MFJ 
Call with your requirements. 
POLICIES: MASTERCARD - VISA - COD 
All prices FOB Houston. TX except as noted Prices sub-
ject to change without notice subject to prior sale Used 
gear sale price refunded if not satisfied Texas residents 
subject to sales tax 117 

1-800-231-3057 
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been installed) along with a dual con-
version scheme having a first IF at 260 
MHz and a second IF at 30 MHz. 
Crystal filters with bandwidths of 5 kHz 
were present in the second IF, fol-
lowed by IF amplifiers. The final con-
version to the sine and cosine base-
bands was achieved with a 30-MHz 
third oscillator. All local oscillators in 
the system were synthesized with a 
final resolution of 0.01 Hz and a short-

term stability of Af/f = 5 x 10-12 

provided by a rubidium-referenced 
clock. 

The quadrature baseband signals 
were then filtered by four-pole Butter-
worth low-pass tunable filters which 
were sampled under computer control 
with an analog multiplexer and 12-bit 
analog-to-digital converters. A single 
observation consisted of 64-K (65,536) 
complex samples at 1 millisecond inter-
vals from each of two polarizations. 
The samples were digitized and re-
corded in real time onto nine-track 
digital magnetic tape for follow-up 
processing, which included a fast 
Fourier transform (FFT) on the quadra-
ture signals/ A complete 64-K com-
plex FFT and computation of power 

spectrum with the instantaneous reso-
lution of 0.015-Hz per bin (compatible 
with minimum theoretical bandwidth 
discussed earlier) took about 15 
seconds. 

In the observations, it was assumed 
that a true celestial signal would have 
already been frequency-compensated 
for Doppler by the originating civiliza-
tion. This included the sender's own 
velocity and the radial velocity of our 

solar system as observed by the 
sender, but not the residual Doppler 
resulting from the Earth's own rotation 
(not known to sender), which can shift 
such a signal through another 0.15 Hz 
of bandwidth at 1.5 GHz. This correc-
tion was implemented in the receiver's 
synthesized local oscillators (first LO 
and third LO) which were swept via 
real-time computer control — that 
is, the local oscillator was updated 
several thousand times during each 
observation. The synthesizer control 
mechanism set the first LO frequency 
at the beginning of each observation 
so that the third LO began at 30 MHz; 
the third LO was then updated at 
20-millisecond intervals by computing 
frequency offsets in real time ac-
cording to a polynomial algorithm 
which approximated the Earth's veloci-
ty according to data obtained from 
the Lincoln Laboratory planetary 
ephemeris. 

One positive side effect resulting 
from this frequency sweeping through 
the ultranarrow bandwidths of the 
receiver was that earth-generated in-
terference (which is generally not fre-
quency swept) is completely rejected 
by the system. This was confirmed 
throughout the search by the absence 
of false alarms. 

The Arecibo experiments revealed 
no evidence of ETI: Today the search 
*FFT is usually used 10 break down complex waves. 

fig. 12A. Overview of the Arecibo Observatory, where in 1978, Paul Horowitz, W1HFA. 
observed nearly 200 nearby stars similar to our own sun at the 21-cm neutral hydrogen line 
wavelength, fPhoto courtesy of College of St, Thomas. St. Paul, Minnesota.1 
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fig. 12B. Pulsar profile PSR 1937 + 214, discovered at Arecibo in 1982, measures only 3 
miles across but releases 10 to 100 million times the energy of the Sun. Rotating around 
its gravitational axis at 642 revolutions per second, it pulses at 1.558-millisecond inter-
vals; each pulse consists of two signal peaks or flashes of radio energy streaming out 
from its magnetic poles. Pulsars were first thought to be of intelligent origin because 
of their precise repetition rate. At Cambridge University in 1967, a signal was recorded 
at 1.33730-second intervals. Code-named LGM — "Little Green Men" — it was later proved 
to be the first known pulsating neutron star, or pulsar. {Courtesy of Arecibo Observatory, 
part of the National Astronomy and Ionospheric Center operated by Cornell University 
under contract with the National Science Foundation.) 
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fig, 13B. The antenna feed passes through the floor of the carriage house and is focused 
in the dish. 430 feet (131.06 meters) below. The temperature inside the metal dome is held 
at 80 degrees Kelvin with liquid nitrogen in order to reduce the noise temperature of the 
front end. (Photo courtesy of College of St. Thomas, St. Paul, Minnesota. I 

fig. 13A. Inside the carriage house of the 
Arecibo Observatory — suspended above 
the 1000-foot dish — engineer Bob Zimmer-
man, NP4B, proudly displays the new dual-
channel 18-cm receiver front end (left and 
right circular polarizations). (Photo courtesy 
of Arecibo Observatory. I 

continues with a special receiver in 
operation at the Planetary Society/ 
SAI/Harvard project "Sentinel" as 
shown in f ig . 14. This system matches 
the natural minimum bandwidth dis-
cussed earlier by also resolving the in-
put bandwidth into 64K (65,536) com-
plex frequency bins of 0.03 Hz each. 
The 84-foot radiotelescope is equipped 
with two dual-circularly polarized feed-
horns (5 bands) connected to two re-
ceivers. The front end consists of two 
identical 35-dB gain, 55 degrees K (un-
cooled), 10 degrees K (cooled) GaAs 
FET preamplifiers operating in the 
waterhole frequency band. (Other fre-
quencies can be tuned.) 

The receiver uses a conventional 

fig. 13C. The receiver room at Arecibo Observatory. The equipment contains oscillators, 
HP synthesizers, Rubidium standards, detectors, amplifiers. A / D converters — just about 
any electronic device needed by an astrophysicist. About 200 hours per year are dedicated 
to SETI. Searches have been made of approximately 1000 nearby stars at the Water Hole 
frequency. (Photo courtesy of Arecibo Observatory.) 

single conversion scheme with an IF 
of 30 MHz. Image rejection mixers, 
broadband IF amplifiers and filters are 
used in conjunction with a computer-
controlled synthesizer. The 30 MHz IF 
signals are then sent to the back end 
of the receiver, located in the control 

building via low-loss rigid coaxial 
cables. As in the case of Arecibo, the 
back end is responsible for sweeping 
through the 30 MHz IF to compensate 
for the Doppler shift caused by the 
Earth's rotation. The result is a 
quadrature baseband combination of 
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signals which is further filtered through 
6-pole low-pass anti-aliasing filters. 
The control computer updates the LO 
40 times per second based on an 
ephemeris table calculated at the 
beginning of each run, Sample-and-
hold amplifiers and 8-bit analog-to-
digital (A/D) converters are used to 
feed the FFT processors via interrupt-
driven parallel ports. 

Although the Harvard installation 
surpasses, by at least an order of 
magnitude, the combined efforts of all 
previous SETI (in terms of system sen-
sitivity, the number of sky positions 
observed, and the number of concur-
rent channels), scientists feel that the 
search should be expanded in frequen-
cy by a factor of at least 100. 

This would mean increasing the 
present 64-K channels used in each of 
two polarizations to about 8.4 million 
channels of 0.05-Hz resolution, thus 
increasing the probability of intercept 
(POD by a factor of 100. Consequent-
ly, the instantaneous bandwidth would 
increase from the present 2 kHz to 420 
kHz. Although this would be quite an 
improvement, it would still be in-
sufficient to cover the 300-MHz band-
width of the water hole at once. An all-

sky water hole search with the new 
receiver would still require 1200 instan-
taneous bandwidths of 420 kHz times 
the number of sky locations. 

Because no receiving system can 
cover the entire sky at all frequen-
cies at once, much more work remains 
to be done in SETI, and while omni-
directional wideband pulses have been 
suggested as a SETI method, the 
narrowband beacon concept gives 
superior S / N ratios not achievable 
otherwise. On the other hand, Doppler 
corrections associated with the beacon 
approach, which would require hard-
to-design high-resolution microwave 
synthesizers, make the pulse concept 
attractive at least for the Radio 
Amateur. New methods of observing 
many RF sources simultaneously using 
Bragg-Cell technology have been sug-
gested. However, the relatively wide 
channel bandwidth produced by to-
day's Bragg technology, combined 
with the low receiver dynamic range, 
l imits the appl icabi l i ty of this 
technology. 

We have looked at several radio 
astronomy systems, from a simple 
radiometer to the ultra-narrowband 
receivers used by professional radio 

astronomers. Although this article is 
not intended as a construction paper 
(ample details are provided in the 
references), some elements of design 
should be considered before a system 
approach is chosen. The block dia-
gram shown in fig. 15 shows an 
economical approach to designing an 
Amateur Radio astronomy center oper-
ating in the water hole frequency 
band. It could be used as a wideband 
radiometer, an interferometer, or as a 
tunable narrowband receiver intended 
for the reception of pulses if care is 
taken in providing short-term stability 
for the local oscillators along with 
narrowband f i l ter ing in a third 
conversion. 

This system would consist of a two-
stage GaAs FET preamplifier with a 
low noise figure. Several designs have 
been recently published in the litera-
ture. The expected gain from such 
amplifiers is typically in the 30 dB range 
or better. This would be sufficient to 
overcome the high noise figure of the 
following mixer (7 dB). Recent designs 
using the Mitsubishi MGF 1412-11-09 
and MGF-1412-11-10 GaAs FET tran-
sistors claim noise figures of about 0.5 
dB (35 degrees K). Older designs pro-

fig. 13D. Block diagram of the Arecibo system as used for SETI in 1978 by Professor Paul Horowitz (W1HFA). Frequency 
sweeping of the local oscillators was used to compensate for Doppler shifts caused by the earth's rotation. (See text). 
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f ig. 14. Block diagram of the Ultra-Narrowband SETI receiver used at Harvard University. The system uses an 84-foot (25.6 meter! equatorial 
radiotelescope w i th a single conversion dual polarization receiver intended for processing left and right circular polarizations at the same time. 
(Courtesy of Harvard University Physics Department.) 
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fig. 15, Block diagram of an economical amateur radio astronomy receiver. 

vide noise figures in the 0.8 dB (58 
degrees K) range with about the same 
gain. Stripline approaches on G-10 
material or open frame designs have 
been extensively covered in the refer-
ence material at the end of this article 
along with simple rat-race mixers in-
tended for 1.296 GHz or 2.3 GHz. 
(Mixers can also be purchased from a 
variety of manufacturers.) 

Our receiver would use the first 
mixer in conjunction with a fixed 
phased-locked loop or multiple chain 
synthesizer at 2.170 GHz. (Such de-
signs are popular in satellite converters 
and other devices.) The first IF would 
be purposely chosen to fall in the UHF 
range where an inexpensive varactor-
type TV-tuner could be used as a 
second tunable IF over the entire water 
hole frequency of 300 MHz. The part 
investigated was a Mitsumi UES-A 
56F, which is marketed by several 
companies, including Radio Shack. 
This tunable converter exhibited a total 
noise figure of about 6 dB and 15 dB 
of gain, with an acceptable short-term 
stability at room temperature compati-
ble with an ultimate bandwidth of 10 

kHz (care should be exercised to pro-
vide isolation of this unit from the front 
end because harmonics of local oscilla-
tor fall in the input range of the 
receiver).The tests were performed 
with a precision power supply having 
a range of 0 to 28 volts. If only a 
radiometer is contemplated, the phase-
locked first LO is not mandatory and 

the control voltage applied to the 
second converter should be chosen 
about halfway on the voltage curve 
and should be double regulated. 

The UHF converter provides a TV-
compatible IF, centered at 44.5 MHz, 
with a bandwidth of 6.5 MHz. This 
output could be used directly with a 
modified high-gain TV-IF with the 

USER PORT 

fig. 16. Schematic diagram of a simple A / D interface for a radio telescope. No addi-
tional parts are needed to perform consecutive readings; the information can be printed 
out as relative flux data by a dot-matrix printer directly from the microcomputer. 
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the candidate stars: 
which stars might support life? 

Although our knowledge is limited, 
it appears that the universe is ex-
panding — that is, the galaxies are 
moving apart from each other. This 
movement suggests a "time of 
beginning" in a cycle (known as the 
"big bang" event) that began with an 
explosive fireball of matter inside a 
huge black hole with no conceivable 
limits some fifteen billion years ago. 

Certain stars of various sizes 
"evolved from the cold gas of a 
previous cycle; these are now in their 
"main sequence," but approaching 
a "finale" as shown in fig. A. 
Depending on their mass and tem-
peratures, they are classified by let-
ters, with the hottest designated by 
the letter 0, and followed in descen-
ding order by other spectral types 
such as B, A, F, G, K, and M. In the 
search for extraterrestrial intelligence 
only type F, G, and K stars are of in-
terest to us because they are the right 
size and temperature for supporting 
life on planets similar to our own. 
(Our sun is a type G2 yellow star.) 
With some three hundred billion stars 

in the Milky Way galaxy alone — and 
ten billion other galaxies in the known 
universe — we can identify approxi-
mately one million nearby candidate 
stars (within 1000 light-years) of 
spectral type F, G, or K that could 
conceivably support life. Despite the 
magnitude of this number, only a 
handful of stars (see table 1) are 
within the Amateur's technological 
reach. Of this handful, the nearest 
are in Alpha Centauri. Located some 
4.3 light-years away, Alpha Centauri 
is a triple system containing two 
massive suns (Type G4 and Type K1) 
separated by some 20 astronomical 
units (1 A.U. equals the mean dis-
tance of the Earth from the sun) and 
revolving around each other along 
with a smaller third star, Alpha 
Centauri C (a type M star). Recent in-
vestigations indicate that this system 
may be much younger than ours, 
suggesting that advanced forms of 
life would probably not have devel-
oped even if a planetary system did 
exist within its complex rotational set-
up. Other theories, however, might 

explain a heightened probability of 
life on Alpha Centauri as shown in 
fig. B. 

Of approximately 40 stars located 
not more than 16.7 light-years from 
Earth, only two — Epsilon Eridani 
(type K2) and Tau Ceti (type G4) -
have been identified as meeting the 
conditions necessary for the exis-
tence of advanced forms of life. 
Similar to our sun but somewhat 
smaller, Epsilon Eridani is located 
10.5 light-years away in the constella-
tion Eridanus. Tau Ceti is located ap-
proximately 10.8 light-years away in 
the constellation of the Whale. Rather 
dim compared to our sun, it is visi-
ble from Earth's northern hemisphere 
only during the winter months. These 
two stars were among the first to be 
observed by Frank Drake and his 
team at the National Radio Astrono-
my Observatory (NRAO) in Green 
Bank, West Virginia, in 1960 under 
the project name Ozma, a name 
borrowed from the Wizard of Oz. 
No evidence of extraterrestrial intelli-
gence has been observed to date. 

COLO MATTER COLD UATTER 
CONDENSES A NO SETS 
MOT. STABS AND 
PLANETS ARE 110/ffJ 

CONDENSATION 

-10 lift.LION YEARS 

PLANETS COOL DOWN 
AND ARE CONSTANTLY 

| RADIATED. LIFE 
EVOLVES AND FINALLY 

EXPLOSION 

THOUSANDS —TIME NOT KNOWN -
or TEARS'! 

fig. A. One concept of star evolution suggests that the possibility of life on planets revolving around a type G yellow star 
occurs during its "main sequence". This type of star is similar to our own sun. A "lucky" planet similar to Earth would 
need approximately four billion years of continuous energy flow from this star to allow the random process of mutation 
on elements to produce the complexity of the human brain, which has made possible the development of communication 
technologies. 
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fig. B. The concept of two suns — one 
yellow (Alpha Centauri A, type G) and 
the other orange (Alpha Centauri B, type 
K) — rotating around each other in the 
tripje star system Alpha Centauri, 
located some 4.3 light-years away. If an 
earth-iike planet were to exist at the 
same distance from the yellow star as 
the earth is from the sun. it is con-
ceivable that the complex rotational rela-
tionship would allow for long alternating 
yellow and orange days — with no 
nights — which may accelerate the 
development of life on this relatively 
young system. 

One of the more recent additions 
to the list of "interesting" stars is 
Vega, located 26 light-years away 
from Earth in the constellation Lyre 
(Lyra). Vega is the third brightest star 
in the sky. Although twice the size of 
the sun, its surface temperature has 
been measured and found to be al-
most the same. A relatively young 
star — at only one billion years old 
- Vega is important to us because 
of the discovery, in 1983, of a possi-
ble planetary system around it by the 
infrared astronomical satellite (IRAS). 
According to astronomers, while the 
infrared telescope aboard I RAS was 
sensitive enough to detect a mass 
rotating around Vega equivalent to 
the combined mass of all nine planets 
in our solar system, it could not 
resolve the objects precisely enough 
to distinguish among them. None-
theless, this is one of the most com-
pelling pieces of data suggesting that 
we may have another planetary sys-
tem in the universe. (This theory is 
now being challenged by another in-
terpretation; some investigators view 
the phenomenon as a belt of dust 
consisting of "pellets" that reradiate 
the star's infrared energy.) 

table 1. Stars within 26 light-years which could have habitable planets (adapted from 
Stephen H. Dole, 1964.) 

approximate 
spectral distance 

name of star class (light years! 

Alpha Centauri A G<1 4.3 
Alpha Ceniauri B K1 4.3 
Alpha Centauri C M l 4.3 
Lai 21185 (A) M l 8.2 
i Eridani K2 10.8 
61 Cygni A K5 11.1 
61 Cygni B K8 11.1 
< Indi K5 11.3 
Grm 34 A M2 11.7 
Lac 9352 M1 12.0 
r Ceti G8 12.2 
Lac 8760 M0 12.6 
Cin 3161 M3 14.9 
Grm 1618 K8 14.9 
CC 1290 M3 15.4 
Cin 18,2354 M3 16.1 
+ 15" 2620 M l 16.9 
70 Ophiuchi A K1 17.3 
70 Ophiuchi B K5 17.3 
i) Cassiopeiae A F9 18.0 
>1 Cassiopeiae B K6 18.0 
a Draconis G9 18.2 
36 Ophiuchi A K2 18.2 
36 Ophiuchi B K1 18.2 
36 Ophiuchi C K6 18.2 
HR 7703 A K2 18.6 
HR 5568 A K4 18.8 
HR 5568 B M0 18.8 
6 Pavonis G7 19.2 
- 21" 1377 M0 19.2 
f 44° 2051 A M0 19.2 
+ 4 " 4048 IAI M3 19.4 
HD 36395 M l 20.0 
t 1 ° 4774 M2 20.2 
>53" 1320 K7 20.2 
+ 53° 1321 K9 20.2 

45° 13677 M0 20.6 
82 Eridani G5 20.9 
)i Hydri G1 21.3 
HR 8832 K3 21.4 
i 15° 4733 M2 21.8 

p Eridani A K2 22.0 
p Eridani B K2 22.0 
HR 753 A K3 22.0 
Vega G4 26.0 

sound trap removed or with a home-
brewed IF of a lower noise figure. Full 
rectification could be implemented for 
detection in conjunction with simple 
integrators and DC amplifiers. Fast 
Fourier transforms !FFT) could also be 
implemented by using inexpensive 
microcomputers. The receiver's output 
transducer could be one of the newer 
A/D converters — such as National's 
ADC0820 — connected to a micro-
computer and a dot matrix printer. 
This converter eliminates the extra cir-

cuitry normally associated with inter-
facing A/Ds to microcomputers as 
shown in fig. 16. It was specifically 
designed to appear as memory loca-
tions or I/O ports to a standard 
microprocessor, with no other logic 
needed. In addition, the converter's in-
put acquisition time is much faster 
than its conversion time, lending its 
use to measuring many analog signals 
upon software commands without the 
aid of additional sample-and-hold de-
vices. The resolution is 8 bits, with a 
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(A) Theoretical formula for designing a helical antenna. 
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(B) Actual design of a helical antenna for the water hole fre-
quency band. 
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(C) Construction details. 

summary of polarization 
combinations 
A + B -* Horizontal 
A + C Vertical 
A + D -* Clockwise 
B + C -*• Counterclockwise 
A + B + C + D - * Linear 

(D) A n array of four helical antennas can be arranged to pro-
vide narrow beam width and many different polarization 
patterns. Additional LNA ' s can be introduced in each of the 
antenna legs to overcome the noise figure of the combiners. 

fig. 17. Design of a helical antenna system for the water hole frequency range. 
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maximum conversion time of 1.2 micro-
seconds, an ideal application for a 
radio astronomy center. The ADC0820 
chip was tested with the VIC-20 micro-
computer, but would be equally appli-
cable to any microcomputer having a 
latched data bus. With the proper soft-
ware, the output of the computer can 
be printed out at equal time intervals 
in relative flux units on a scale of 0 to 
5 volts (or 0 to 9 volts with a modified 
reference). 

what antenna to use 
The best antenna for radio 

astronomy is still the parabolic dish, as 
proven by most professional radio as-
tronomy centers. Some Amateurs are 
reportedly using computer-controlled 
steerable dishes as large as 60 feet in 
diameter. But unless Amateurs have 
access to large backyards and friend-
ly neighbors, they cannot proceed to 
construct such large arrays. Reasona-
ble gains, however, can be obtained 
with arrays of axial mode helix anten-
nas. The helix is attractive at 1.5 GHz 
mainly because of its relatively small 
size. The design shown in figs. 17A, 
B, and C indicates that the length of 
a helical beam at this frequency would 
be about 19 inches with a 2.5-inch 
diameter and a minimum reflector size 
of only 0.8 wavelength. This would 
make an inconspicuous installation. 
Although the helical antenna is not 
known for its gain, it has been used ex-
tensively by professional radio astrono-
mers. A nine-turn helix antenna can 
provide about 14.8 dB, and a twelve-
turn helix, about 16 dB of gain. 

Helix antennas have also been used 
in more moderate arrays with gains in 
excess of 25 dB. Depending on which 
way they are wound in regard to each 
other, several polarization schemes 
can be accomplished. For example, 
using a pair of helices with the same 
sense (both clockwise or vice-versa) 
can provide circular polarization. Using 
opposed windings allows for horizon-
tal polarization. A four-antenna array 
with clockwise and counterclockwise 
components can be interconnected so 
that several choices of polarizations 
could be obtained, as shown in fig. 

17D. In addition, beamwidths of 10 to 
15 degrees have been achieved. 

The main characteristic of the helix 
antenna is its relatively wide bandwidth 
( - 20 percent and + 30 percent of the 
center frequency), which makes it 
suitable for the water hole band. 
Unless terminated with a matching 
strip or at a special point on the back 
plane, a helix exhibits a high im-
pedance output of about 140 ohms. In-
asmuch as this could be a disadvan-
tage in a single-antenna design, 
parallel arrays using high-impedance 
coaxial cables can produce composite 
outputs of 75 ohms without the use of 
RF combiners. 

On the other hand, a helix antenna 
can exhibit a much higher noise figure 
than the parabolic dish. Because the 
noise temperature of an antenna is 
determined by the noise power avail-
able in its lobes (this includes its minor 
lobes), if the antenna is "looking" at 
the ground — which has a typical 
noise temperature of 290 degrees K (17 
degrees C) — it will have a noise figure 
of approximately 3 dB, which would 
be much higher than that of a pre-
amplifier. In this respect the parabolic 
antenna would be better (lower side 
lobes). Careful consideration for the 
location of helical array is recom-
mended; the choice of polarization, ex-
plained earlier, can also greatly im-
prove the system. Fourier transforms 
performed with simple microcompu-
ters will also help in separating the 
desired components from the noise in 
these lobes. 

conclusion 
Although it may be difficult for 

Radio Amateurs to accept the seeming-
ly impractical nature of radio astron-
omy projects, the experience gained in 
developing one's own system could 
provide a complete education in con-
temporary radio communication. 

Detailed information on the con-
struction of radio astronomy and SETI 
projects, including low-noise ampli-
fiers, and fast Fourier transform (FFT) 
programs for simple microcomputers 
can be obtained from The Society of 
Amateur Radio Astronomers (SARA) 

which publishes several books on 
the subject along with a monthly 
newsletter. At present, The Society 
has 168 members worldwide, many of 
whom are hams as well as scientists 
and engineers working in related fields. 
For more information, write to Robert 
M. Sickels, Secretary, SARA, 7605 
Deland Avenue, Fort Pierce, Florida 
33451. 

There are many arguments about 
the existence of extraterrestrial in-
telligence. Some scientists believe that 
intelligent life exists elsewhere in the 
universe, while others mathematically 
analyze the probabilities and conclude 
that we could very well be the only ad-
vanced civilization in our galaxy. While 
this is a discouraging thought, we can-
not rule out the possibility that there 
may be a few others out there — 
perhaps many others. Although we 
have no evidence yet to support the 
claim that ETI may exist, many scien-
tists have been taking the task of SETI 
very seriously, and an increased num-
ber of receiving stations built by Radio 
Amateurs would only improve the 
chance of receiving that first intelligent 
signal from beyond our own solar 
system. We know that the laws of 
physics are the same throughout the 
universe; an advanced civilization, 
therefore, regardless of what it used to 
produce RF energy, would radiate the 
same kind of RF energy we know here 
on Earth. Our modern RF technology 
is now producing receivers with noise 
figures that approach the limitations of 
intergalactic noise. The gap has final-
ly been closed; we can now begin the 
final search. 

acknowledgements 
I wish to thank Garred Giles (ex 

KP4EPM) of the Arecibo Observatory 
for providing key photographs taken 
especially for this article. My apprecia-
tion is also extended to Dr. Harry 
Webb of the College of St. Thomas in 
St. Paul, Minnesota, for sharing his 
collection of photographs taken in his 
many trips to the Arecibo Observatory. 
I would also like to thank Dr. Robert 
S. Dixon, W8ERD, Assistant Director 
of the Ohio State Radio Observatory; 

March 1985 BB 33 



Professor Paul Horowitz, W1HFA, of 
Harvard University's Physics Depart-
ment; and Bob Zimmerman, NP4B, of 
the Arecibo Observatory, for their con-
tributions to this work. 

references 
1. Names associated with the discovery of the 

ionosphere include Watson-Watt, Stuart (1878), 

Schuster (1889), Heaviside (1902) and Kennelly (1902). 

According to Kenneth Davies, Watson-Watt was the 

first to apply the term to " that part of the atmosphere 

in which free ions exist in sufficient quantities to af-

fect the propagation of radio waves." (Kenneth Davies, 

ionosphereic Radio Propagation, National Bureau of 

Standards Monograph No. 80, April 1, 1965.) - Ed. 

2. G. Helou, The Optimum Frequencies for Interstellar 

Communications As Influenced by Minimum Band-

widths, Report No. 76, National Astronomy and 

Ionosphere Center, Cornell University, 1977. 

3. G. Helou, Radio Propagation in Tenuous Media; tine 

Broadening through Multiple Scattering, Report No. 

75, National Astronomy and lonoshpere Center, Cornell 

University, 1977. 

bibliography 
Atkins, Bob, KA1GT, "The New Frontier: The Wor ld 

Above 1 Gig — Noise Temperature, Antenna Temper-

ature and Sun Noise," QST, July, 1984, page 169. 

Atkins, Bob, KA1GT, "The New Frontier: The Wor ld 

Above 1 Gig - 13-cm GaAs FET Preamp," QST, 

August, 1984, page 65. 

Atkins, Bob, KA1GT, "The New Frontier: The Wor ld 

Above 1 Gig — A practical dish feed for the higher 

microwave bands," QST, February, 1981, page 63. 

Atkins, Dave, KA1GT, "The New Frontier: The Wor ld 

Above 1 Gig — Microwave Components," QST, 

January, 1981, page 76. 

Baker, Frederick, An Introduction to Astronomy, Van 

Nostrand-Reinhold Co., 1968. 

Berman, Louis, "Eavesdropping on Other Wor lds , " 

QST, June, 1983, page 47. 

Bingham, Dick, " A Modular Transceiver for 1296 

MHz, " QST, December, 1975, page 29. 

Burnham, Robert, Jr., Burnham's Celestial Handbook, 

Dover, 1978. 

Cameron, A.G.W., Editor, Interstellar Communication, 

Benjamin, 1963. 

Cocconi, G, and Morrison, P, "Searching for In-

terstellar Communication, "Nature, 1959. 

Cullers, Kent D. and Scott, Rathjen, "The Ultimate 

QSO," QST, December, 1982, page 60. 

Dixon, Robert S. , " A Search Strategy for Finding Ex-

traterrestrial Radio Beacons," ICARUS 20,1973, pages 

187-199. 

Dixon, Robert S., The Ohio SETIProgram - The First 

Decade, Proceedings of the International Astronomical 

Union Symposium No, 112, Dordrecht, The 

Netherlands, 1985. 

Drentea, Cornell, Radio Communications Receivers, 

TAB, (No. 1393), 1982. 

Frederick, J . Genett, "Fast Low-cost A / D Converter," 

Micro, February, 1984, page 36. 

Foot, Norman, "Narrowband Solid-state 2304-MHz 

Preamplifiers," ham radio, July, 1974, page 6. 

Glassmeyer, Bernie, "Circular Polarization and OSCAR 

Communicat ions," QST, May, 1980, page I I . 

Gruchalla, Michael E., "Build Your Own Audio-to-

microwave Amplifier", ham radio, March, 1984, page 

12. 

Heiserman, Dave, Radio Astronomy for the Amateur, 

TAB, No. 714, 1975. 

Heiserman, Dave, "An Introduction to Radio 

Astronomy," Popular Electronics, January 1976. 

Helfrick, Albert, "Measuring Noise Figure," ham radio, 

January, 1984, page 27. 

Horowitz, Paul, " A Search for Ultra-narrowband 

Signals of Extraterrestrial Origin," Science, August 25, 

1978, page 733. 

Huang. Shu Su, "Life Outside the Solar System," New 

Frontiers in Astronomy: Readings from Scientific 

American, Apri l , 1975, page 104. 

Jastrow, Robert, Red Giants and White Dwarfs, Harper 

and Row Publishing, 1967. 

Kotel'nikov, V .A. , The Theory of Optimum Noise Im-

munity, Dover, (No. S1952), 1968. 

Krauss, Geoffrey, "VHF Preamplifiers," ham radio, 

December, 1979, page 50. 

Krauss, Geoffrey, "Low-noise Preamplifiers for 1296 

M H z , " QST, June, 1982, page 36. 

Krauss, Geoffrey, " A Low-noise Preamplifier for 2304 

MHz, "ham radio, February, 1983, page 12. 

L ich tman, M. Je f f rey , Solar Amateur Radio 

Astronomy, Society of Amateur Radio Astronomers 

(SARA), 40 Winside Lane, Coram, New York 11727. 

Lichtman, M. Jeffrey, Amateur Radio Astronomer's 

Circuit Cookbook, Society of Amateur Radio 

Astronomers ISARA), 40 Winside Lane, Coram, New 

York 11727. 

Lichtman, M. Jeffrey, "Microwave Radio Astronomy, 

A n Amateur Introduct ion", Society of Amateur Radio 

Astronomers (SARA), 40 Winside Lane, Coram, New 

York 11727. 

Maffei, Paolo, Beyond the Moon, Avon, 1980. 

Mezger, P.G., "Radio Astronomy Looks at Higher Fre-

quencies," MSN, January, 1984, page 95. 

Mitchell, Dennis, "10 GHz Ultra-Stable Oscillator," ham 

radio, June, 1983, page 56. 

Oliver, M. Bernard, "The Search for Extraterrestrial In-

telligence," Engineering and Science, December, 1974, 

and January, 1975. 

Oparin, A . , Origin of Life, Dover. 

Paczynski, Bodhan, "Binary Stare," Science, July 20, 

1984. 

Pauli, W . , "Theory of Relativity," Dover. 

Ray, H.A. , The Stars, Houghton Miff l in Co. 

Readhead, C. and Anthony, S., "Radio Astronomy by 

Very- long-base l ine I n t e r f e r o m e t r y , " Scientific 

American, July, 1977. 

Reisert, Joe, "Requirements and Recommendations for 

70-cm EME," ham radio, June, 1982, page 12. 

Reisert, Joe, "Low-Noise GaAs FET Technology," ham 

radio, December, 1984, page 99. 

Rotherberg, Randall, "Computers Search for Real 

E.T. 's," Popular Computing, February, 1985, page 94. 

Ronan, Colin A. , Deep Space, MacMillan Publishing 

Co., Inc. 

Rood, Robert T. and Trefil, James S., Are We Alone? 

Charles Scribner's Sons. 

Sagan, Carl, Communication with Extraterrestrial In-

telligence, MIT Press, Cambridge, Massachusetts, 

1973. 

Sagan, Carl, Cosmos, Random House. 

Sando, Shigeru, " Improved GaAs FET Preamp for 

144-432 MHz, " ham radio, November, 1979, page 38. 

Shklovskii, I.S. and Sagan, Carl, Intelligent Life in The 

Universe, Holden-Day, 1966. 

Shuch, Paul, "Easy-to-build SSB Transceiver for 1296 

M H z , " ham radio, September, 1974, page 8. 

Shuch, Paul, "Microstripline Preamplifiers for 1296 

M H z , " ham radio, April, 1975, page 12. 

Sickels, M. Robert, Radio Astronomy Handbook, 

Society of Amateur Radio Astronomers (SARA), 7605 

Deland Ave., Ft. Pierce, Florida 33451. 

Spitzer, Lyman, Jr., "Dynamics of Globular Clusters," 

Science, August 3, 1984, page 465. 

Stutzman, L. Warren and Thiele, Gary A. , "Antenna 

Theory and Design," John Wiley & Sons, 1981. 

Swenson, W. , " A n Amateur Radio Telescope," Sky 

and Telescope, June, 1978, page 475. 

Tischer, Frederick, Basic Theory of Space Communica-

tions, D. Van Nostrand Company, Inc. 

Wald, Robert, Space, Time, and Gravity: The Theory 

of the Big Bang and Black Holes, The University of 

Chicago Press, 1977. 

Wilkins, R. and Cergel, L., "Synthesized Television 

Modulator , " Wireless World, April, 1984. 

The Search for Extraterrestrial Intelligence, N A S A 

Publication No, SP-419, National Aeronautics and 

Space Administration, 1977. 

"Ul t ra-narrowband SETI at Harvard," Technical 

d e s c r i p t i o n . Harvard Un ive rs i t y , Cambr idge , 

Massachusetts. 

"ADC0820 8-bit High-speed uP-compatible A / D , " Na-

tional Semiconductors, Update No. 7. 

"8.4-Megachannel High-resolution SETI," Proposal, 

Physics Department, Harvard University. 

ham radio 

COMPUTER PROGRAMS J ^ W 
FOR THE RADIO AMATEUR % < ° / \ 

by Wayne Overbeck, N6NB, 
and Jim Steffen, KC6A 

Here's the first source book of computer programs 
for the Radio Amateur. Besides covering computer 
basics, this book gives you programs that will help 
you log, determine sunrise/sunset times, track the 
Moon's path across the sky, use Greyline propaga-
tion and set up record systems for WAS, DXCC 
and VUCC, or any other award. You can either 
buy the book alone or you can buy the book with 
the programs already on disk. Take full advantage 
of your computer with this well written source 
book. © 1 9 8 4 , 1st edition, 327 pages. 
•HA-0657 Softbound $16.95 
•HA-0657 with program $29.95 

specify computer (see list below) 
•Program disk alone $19.95 
Programs available for: Apple II (DOS and CP/M), 
IBM (DOS). TRS-80 Model I and Model III and 
Commodore C-64. Please mark your order with the 
program disk you want. 

Please include $3.00 shipping and handling. 

Ham Radio's Bookstore 
Greenville, NH 03048 
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the weekender 
harmonic mixer for 
VHF signal generation 
Lots of useful things that work well can be built 
without great effort and expense. Unfortunately, until 
now, a VHF signal generator hasn't been one of them. 
The cost of parts, the shielding required, and the dif-
ficulty of producing a good variable attenuator make 
designing an inexpensive, easy-to-build VHF signal 
generator a challenging task indeed. 

initial means of 
generating VHF signals 

Even though I was able to use a surplus TS-150 
generator to meet my needs from 10 through 400 MHz, 
I was never fully satisfied with it. Recently when I ac-
quired a pair of Clemens SG-83C solid-state high-
frequency signal generators (they're cute and small, 
and they work well; they'll even work off a 9-volt 
battery!) at a flea market, my old TS-510 began to look 
more and more out of place. So the search was on 
for an up-to-date replacement. 

There don't seem to be many bargains among gen-
erators that will make it to 400 or 500 MHz. The older 
units have good precision attenuators with high 
available output levels up to 480 MHz. But most 
models are marked by poor stability, excessive signal 
leakage, and large current consumption. They're con-
tained in large, bulky enclosures, seem to be priced 
higher than they might be, and depend on exotic, ex-
pensive tubes and components. But if you own or 
have access to a generator in the HF range and want 
some VHF or UHF coverage without buying yet 
another generator, you can build this device in just a 
few hours — for no more than $25.00. 

heart of device is 
diode ring mixer 

In recent years the use of diode ring mixers has 
become increasingly popular in state-of-the-art re-
ceiver design. Despite their many advantages, they do 

By Peter J. Bertini, K1ZJH, 20 Patsun 
Road, Somers, Connecticut 06071 

BOTTOM VIEW 
NOTE1 PIN 2 IS INTERNALLY 

GROUNDED TO CASE 

LO PIN B 
RF PIN I 
IF PINS 3 AND 4 

GROUND PINS I , 5, 6, T 

fig. 1. Harmonic generator uses Mini-Circuits SBL-1 
mixer. 

present some problems. One is harmonic mixing. 
Diode ring mixers are LO-driven at high signal levels 
— typically + 7 dBm minimum. These mixers are 
broadband devices, using wideband transformers and 
fast hot carrier diodes in their construction; the in-
expensive Mini-Circuits SBL-1 DBM used in this arti-
cle is rated from 500 kHz to 500 MHz at all three ports 
(see fig. 1). When LO power is applied, the diodes 
are driven into heavy conduction by the RF, producing 
LO harmonics well into the VHF range and resulting 
in undesired mixer products from input signals mix-
ing with the harmonics appearing at the IF output port. 
This required the use of wideband impedance termina-
tions for the DBM ports, as well as HF filters with 
known stopband characteristics well into the VHF 
region if the receiver isn't to sound like an aviary at 
feeding time! 

In this simple adapter circuit we make good use of 
this phenomenon. Referring to the schematic (see 
fig, 2), note that we are driving the LO port with the 
output of a 50-MHz overtone oscillator. The oscillator 
was designed to produce a minimum +10 dBm out-
put with a 9-volt battery supply. DBMs expect to see 
broadband resistive port terminations if insertion 
losses, bandwidth, and other parameters are to remain 
predictable. The RF port of the DBM is connected 
directly to the HF signal generator output port; most 
good generators will present a good 50-ohm resistive 
termination at their output. This is especially true of 
the Clemens SG-83 series because of the switched pi 
attenuators employed to set the signal output level. 
A 4-dB fixed pi attenuator is used at the DBM IF port 
output. Further attenuation is desirable here; this will 
be discussed later in the article. 

When the device is used at the output of a signal 
generator, the 50 MHz LO produces internal harmonics 
in the DBM at 100 MHz, 150 MHz, 200 MHz, etc. 
throughout the spectrum. When we inject a signal into 
our adapter from the HF generator, say at 10 MHz, 
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J2 HF SIGNAL GENERATOR 

item description 

B1 S volts, "transistor" battery 
J1,J2 BNC; chassis linings 
01 2N9I8 transistor 
R1,R3 220 ohm, 1/4 watt resistor 
R2 22 ohm, 1/1 watt resistor 
SI single-pole, single-throw miniature switch 
T1 primary 12 turns No. 26 wire, 

secondary 2 turns No. 26 wire 
YI * 3rd overtone 50.0 MHz crystal 
mixer Mini-Circuits Labs (or equivalent) 

model SBL-1,' • 0.5-500 MHz, 
+ 7 dBm local oscillator 

'SO MHz crystal available from International Crystal 
Manufacturing Co., 10 North Lee, P.O. Box 26330, 
Oklahoma City, Oklahoma 73126. 
Request "general purpose" grade crystal. 
"SBL-1 mixer is available from Advanced Receiver 
Research, Box 1242, Burlington, Connecticut 06013; 
send SASE for price quote. 

fig. 2. Harmonic mixer provides output up to 500 MHz. 

outputs at the sum and difference frequencies will 
result from the 10 MHz signal combining with the 
50 MHz LO signal (50 + 10 = 60 MHz or 50 - 10 
= 40 MHz) as well as outputs of the sum and dif-
ference frequencies of the LO harmonics. From this 
it is evident that the HF signal generator need only ex-
tend to 25 MHz to produce contiguous coverage over 
the entire range (up to at least 500 MHz) by using 
either the sum or difference products of the appropri-
ate harmonic. A generator that will go to 50 MHz will 
allow the output frequency to be determined without 
involving mental subtraction. 

there are limitations, though 
There is a price to pay for this convenience. First, 

the conversion losses will vary across the VHF ranges 
because the LO harmonic amplitudes produced in the 
DBM are not identical. This is determined by directly 
comparing the output of the adapter versus the out-
put of a good VHF generator of known calibration into 
a receiver with signal strength metering for each of 
the harmonic bands. The receivers should be termin-
ated with an external 6 dB or greater attenuation pad; 
most VHF receivers present only a reasonable 50-ohm 
load over a very narrow range of frequencies — 
(if any). 

use is simple 
Once the conversion losses are known for the 

adapter for each of the harmonic ranges, the rest is 
easy. If you work in the dBm signal levels you need 
only include the dB loss of the adapter to the dBm 
reading of the signal generator output. If you prefer 
to work in microvolts, an easy solution is to employ 
a separate switched attenuator capable of one dB 
steps between the signal generator and the adapter. 

By keeping the adapter losses at 20 dB increments the 
microvolt scale of the HF generator may be read direct-
ly; for each 20 dB of insertion loss the microvolt 
reading is moved one decimal point to the left. 

Spurious responses may be encountered at some 
desired frequencies when using the adapter. These 
birdies are easily identified, however, because they 
tune "backwards" or at rapid rates across the receiver 
bandpass. Note that when using this adapter, HF 
signal generator leakage is of minimal importance 
because it is not the final output frequency. Extreme-
ly low MDS measurements can be made, and the con-
version loss inherent with this adapter can be ad-
vantageous here as some generators (such as my 
Clemens) are limited to minimum output levels around 
-120 dBm unless external attenuation is employed. 

construction is easy 
I built my adapter in a small minibox and used point-

to-point wiring techniques on a small square of circuit 
board, following good VHF techniques such as keep-
ing leads short and using good shielding. I also re-
commend using the internal battery supply as shown; 
bringing power leads out of the adapter enclosure is 
an invitation to stray radiation. The oscillator draws 
about 10 milliamperes and battery life should be quite 
long. 

The maximum output levels from the adapter are 
severely limited by the conversion losses, which can 
be very high on some harmonics, and by the com-
pression that takes place in the mixer if it's overdriven. 
I've been using my adapter for a few weeks now and 
I don't know how I ever did without it. The freedom 
from drift and generator leakage — and ease of setting 
frequency — are pure joy. My old unit is gone. 

ham radio 
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designing low voltage 
power supplies 

Husky power supply 
delivers 15 amps 

at 13.8 volts 

Power supplies for tube equipment used to be fair-
ly simple devices, easily assembled from parts found 
In any handy junk box and quite forgiving of design 
error. But low-voltage regulated supplies for solid-state 
gear are something else again. 

Poorly designed low-voltage supplies can create in-
stability of transmitted signals, distortion of received 
signals, hum, noise, spurious emissions and transients. 
A well-designed supply, on the other hand, contributes 
greatly to clean, trouble-free station performance. 

specifications 
At the heart of any power supply is the transformer, 

which takes energy from a commercial power line and 
converts it to some specified lower or higher voltage 
at a specified current. The single most expensive unit 
in the whole assembly, the transformer is usually called 
upon to absorb more abuse than any other compo-
nent. Once you've specified the transformer, you've 
almost specified the rest of the supply. 

Because the transformer is the most expensive com-
ponent, it's also the one in which manufacturers may 
tend to cut corners. Sometimes they'll put a 2-ampere 
transformer in a box with a few other components and 
advertise the result as a "5-ampere power supply." 

choosing the transformer 
The three principal specifications for the transformer 

are primary voltage, secondary voltage, and maximum 
secondary current. To specify the secondary require-
ments, you must first decide how much filtered DC 
current and voltage you want. For the sake of illustra-
tion, let's walk through the process of designing a 
supply that will deliver about 15 amperes at 13.8 volts 
continuously and about 20 amperes intermittently, 
since that sort of supply would handle most ham 
station requirements. 

Fortunately, most manufacturers rate their trans-
formers for continuous service. Transformers are bulky 
objects with a lot of thermal inertia; they can absorb 
a lot of heat without getting hot too quickly. Conse-
quently, a transformer rated at 10 amperes continuous 
duty can probably deliver about 14 amperes or more 
on a 50-percent duty cycle and perhaps even more cur-
rent on a shorter cycle without serious risk. 

Perhaps the most severe duty most ham stations 
impose on a power supply (aside from beacon or re-
peater duty! is a long-running activity such as the 
ARRL Sweepstakes or the CQ WW contest. In con-
tests, operators listen at least as much as they 
transmit, automatically setting the duty cycle at 50 per-
cent or less. An overloaded transformer can rest and 
cool off during the time it is not required to deliver 
power to the transmitter. 

If you're operating CW, the key will be down and 
the transmitter putting out only about half the time 
you're in the transmit mode, so your net duty cycle 
is down to 25 percent. And if you're working SSB, 
the duty cycle is even lower. 

So if an HF rig demands 20 amperes key down. 

By George L. Thurston, III, W4MLE, 2116 Gibbs 
Drive, Tallahassee, Florida 32303 
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what's needed is a power supply that will handle about 
25 percent of that or 5 amperes continuous, right? 

Wrong! 
Heat generated by internal losses is the biggest 

enemy of transformers. These losses rise steeply as 
the current demand exceeds capabilities. The losses 
have several causes: 

• The ohmic resistance of the windings is a major 
source of heat generation, especially at high currents, 
because heat (power) equals l2R. When you double 
the current in a winding, you quadruple the heat. As 
copper gets hotter, its resistance increases still further. 
• Eddy currents, induced in the iron core of the trans-
former, generate heat. The larger the current in the 
windings, the larger the eddy currents. These losses 
can be minimized by careful design of the transformer 
by the manufacturer. 
• Hysteresis losses also generate heat. They result 
from the use of some transformer energy to jostle iron 
atoms in the core, magnetically exciting them. Simp-
ly put, energy is lost in rearranging the magnetic pat-
terns in the core. 
• Dielectric losses occur in a transformer because it 
is inherently a capacitor as well as a transformer; it 
is several masses of metal in close proximity, separated 
by insulation. The insulating dielectric is usually quite 
lossy; heat is generated by jostling its molecules 
around in the rapidly-changing electrostatic fields in-
side the transformer. 

This means that you can run a transformer harder 
than its continuous-duty rating, but only within cer-
tain limits. Even if you could keep the transformer cool, 
hysteresis, eddy current and ohmic losses would 
severely degrade performance. 

Generally, however, it is reasonable to expect about 
40 percent more — at most — than the continuous 
rating. So, if a rig wants 20 amperes key down, we 
can get away with using a transformer rated at 12 
amperes continuous duty. But a 15-ampere rating 
would be safer and cooler and would pose a smaller 
risk of failure. 

overall design 
Since abrupt changes in supply voltages can cause 

trouble in electronic gear, a power supply must be 
stiffly regulated, varying output voltage 0.1 percent 
or less when the load goes from open circuit !no cur-
rent) to the design limit of the supply (20 amperes). 
Such regulation is easily obtained with inexpensive 
parts. In addition, we must have DC with the AC rip-
ple component reduced to an insignificant level. 

Because both cost and performance are concerns, 
this design will be fairly conservative, without much 
consideration of size and weight. 

For simplicity, we'll use a conventional series-pass 
transistor circuit controlled by an electronic regulator. 
That means that the DC output from the filter will have 
to be somewhat higher than the desired regulated 
voltage. Most electronic regulators require 2 or 3 volts 
difference between input and regulated output. Since 
we want 13.8 volts regulated, we'll need at least 16.3 
volts out of the filter at full load for reasons that will 
soon become apparent. 

One rule of thumb says that under load, a power 
supply will deliver a DC output about equal to the 
applied RMS voltage for a full-wave bridge, or about 
half the total secondary voltage in a center-tap circuit. 
Actually, 90 percent of the RMS voltage is a bit more 
accurate if the transformer is taxed to its full load limit. 
Thus, an 18-volt secondary will deliver about 16 volts 
DC (0.9 x 18 V R M S ) under full rated load. But with 
no load, the DC output voltage will approximate the 
AC peak voltage, which is 1.414 x Vrms = 25.5 
volts. Using the same formula, you can see that a 
30-volt secondary will deliver about 42 volts at no load 
— too high for our regulator chip, whose maximum 
input rating is 35 volts. The maximum RMS output 
we can tolerate will be 35 volts 1.414 = 25 volts. 

So our transformer must have a secondary that 
gives us between 19 and 25 volts AC RMS at about 
15 amperes continuous. If the transformer is center-
tapped, for use with only two diodes, we need that 
much voltage on either side of center. If we're using 
a bridge, we need only a single winding delivering the 
desired voltage. 

Let's assume that our junk box contains a 12.6-volt 
filament transformer rated at 15 amperes, and that we 
can scrounge a 6.3-volt filament transformer rated at 
20 amperes. Connecting primaries in parallel and 
secondaries in series so that their voltages add, we 
get 18.9 volts RMS AC. The amount of current we 
can draw at that voltage is limited by the lower rating 
— 15 amperes. But because the output voltages from 
the two secondaries will not be precisely in phase 
(because of differences in manufacturing), we must 
derate their current capacity by about 10 percent. So 
we can demand only 90 percent of 15 amperes, or 13.5 
amperes from the power supply on a continuous basis, 
or about 19 amperes intermittently. Given the uncer-
tainties involved in estimating duty cycles and the 
amount of uprating and derating, that should be close 
enough. 

So we can expect to get about 17 volts at full load 
and about 27 volts at no load from the rectifier-filter 
output. 

selecting rectifiers 
Because we chose a transformer without a center-

tap, we'll need to rectify the AC with a full-wave 
bridge. Radio Shack and other suppliers offer an in-
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expensive bridge rated at 25 amperes at 50 volts peak 
inverse voltage (PIV). 

In a bridge circuit, the full transformer secondary 
voltage appears at the nonconducting anodes. Since 
our transformer secondary voltage is 26.9 volts peak, 
the 50 PIV rating (also sometimes called the peak 
reverse voltage, or PRV) is quite satisfactory, but not 
extreme. Discrete diodes could also be used in a bridge 
circuit, of course, with each rated to handle at least 
half the total load current with a PIV above the peak 
output voltage of the full secondary winding of the 
transformer. For this supply, diodes rated at 50 PIV 
and 10 or 15 amperes each would be satisfactory. 

choosing the regulator 
In any power supply the filter immediately follows 

the rectifiers. But in a regulated power supply, the 
choice of regulator circuit is intimately connected with 
design of the filter for reasons that will soon become 
clear. 

The regulator samples the output voltage of the 
power supply, compares it to a fixed reference voltage, 
detects any difference, and applies a correction voltage 
somewhere in the circuit to counteract any change in 
output voltage. 

The earliest and simplest regulators used a zener 
diode for a reference and simply applied that voltage 
to the base of a pass transistor, clamping the output 
at approximately the zener voltage (fig. 1). This cir-
cuit was quite a big improvement over the zener diode 
alone for two reasons: first, as a series, rather than 
shunt regulator, it could handle a lot more current; 
second, it offered a rudimentary sort of "electronic 
filtering." If a capacitor is connected between the base 
and ground, its filtering effect (capacitance) will be 
multiplied by the ft of the transistor. Thus, if the tran-
sistor is a 2N3055 with a typical ft of about 70, it would 
make a 100 ̂ F capacitor do the filtering job of a 7000 
/LIF capacitor. 

The disadvantage of this circuit is that it provides 
no feedback loop. When power is taken from the 
emitter, a voltage drop occurs across the silicon 
emitter-collector junction and across any DC resistance 
in wires and connectors. Such a "regulated" supply's 
output may easily drop several volts under a heavy 
load. That's not good regulation! 

Another circuit frequently seen even now in maga-
zine articles is basically the same as above with an IC 
regulator chip substituted for the zener (fig. 2). It has 
exactly the same disadvantage as the zener circuit — 
no feedback loop. The IC chip will hold the base 
voltage very tight but it has no control of the voltage 
at the load. 

Another circuit, using a zener diode and discrete 
components, is a considerable improvement over the 
others (fig. 3). In this circuit, the zener serves as a 

1 
X 

fig. 1. Basic voltage regulator using a zener diode and 
pass transistor. Disadvantage of this circuit Is that It 
provides no feedback loop. 

¥ 

T 
fig. 2. Regulator circuit using an IC chip in place of the 
zener. Circuit also has no feedback loop; IC chip regu-
lates the base voltage but has no control of overload 
voltage. 

reference, and the base of a regulator transistor 
samples the output from the supply. Any change in 
the ratio between the zener reference voltage and the 
base voltage is converted into an error signal at the 
emitter and is applied to the pass transistor. 

A further embellishment of this idea (fig. 4) is to 
apply the error voltage to a driver transistor that also 
serves as an error amplifier, Q2, resulting in high sensi-
tivity and good regulation. The regulator transistor, 
Q1, can be quite small (a 2N2222, for example) but 
the driver must be able to handle the base drive current 
required by the pass transistor, Q3. With suitable tran-
sistors, this circuit should be able to maintain load 
regulation of better than 1 percent. 

three-terminal 
regulators 

Properly used, however, the integrated circuit 
regulator chips can put us into a whole new ball park 
of regulation — 0.1 percent or even 0.01 percent with 
off-the-shelf parts. 

The circuit in fig. 5 shows a 78XX regulator with 
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a PNP "wrap-around" pass transistor.1-* The 
regulator chip and the pass transistor share the load 
current in a ratio set by resistors R1 and R2. Any 
change in the load voltage is sensed internally by the 
chip and applied to its input where it is also applied 
to the base of the pass transistor. The diode simply 
increases the voltage differential between input and 
output by the amount of the silicon junction voltage 
drop. 

With the proper pass transistors, this circuit can 
deliver almost any practical amount of current. To use 
NPN transistors requires a PNP driver stage between 
the regulator chip and the bases of the pass units to 
provide the correct bias voltage polarity. This sort of 
circuit is shown in fig. 6. 

u 

fig. 3. Regulator circuit in which the zener is a reference 
and base of regulator transistor, Q1, samples supply 
output. 

REGULATED 
OUTPUT 

v> 
0.1 tF 

0.25 
pF 

fig. 4. Improved regulator uses a 2N2222 regulator tran-
sistor. TIP-31 driver-error amplifier, and 2IM3065 pass tran-
sistor. Regulation better than 1 percent can be obtained. 

Both the circuits of figs. 5 and 6 produce voltage 
regulation on the order of 0.1 percent. The more 
sophisticated LM-723 regulator chip, with a higher 
parts count required in its circuitry, is capable of 
regulating a whole order of magnitude better than the 
78XX regulators; about 0.01 percent is typical. The cir-
cuit shown in fig. 7 is representative, but there are 
some trade-offs. 

The 723 can deliver only about 150 mA at the regula-
ted output voltage and so requires a driver stage for 
most pass transistors. It also requires a rather long 
parts list and, unless carefully shielded and bypassed, 
is often subject to RF interference that causes it to 
operate erratically. One redeeming feature is that its 
voltage-sensing connections are isolated and can be 
connected directly to the load by a long run of small 
wire. This permits the regulator to compensate for 
voltage drops in the wiring to the load. 

Like the 78XX chips, the 723 offers automatic shut-
down if it gets too warm or if excessive current is 
drawn from the supply. A short circuit across the out-
put terminals of even a 50-ampere supply produces 
only a minor spark and a turn-off of the voltage. The 
voltage recovers to normal when the short circuit is 
removed, with no harmful effect. Over-voltage and 
over-current protection circuits are discussed later in 
this article. 

After considering all the possibilities, we have de-
cided to use the circuit of fig. 6, permitting us to use 
NPN transistors, inexpensive, readily-available regula-
tor chips, and a minimum of external parts. 

the 7812 regulator 
Many good regulator IC and discrete-component cir-

cuits are available to Amateur builders and many of 
them offer excellent regulation. The LM-723 offers 
0.01 percent regulation of both line and load, but at 
the expense of fragility and added circuit complexity. 

Line regulation is the percentage of output voltage 
change with a change in power line voltage. Load 
regulation is the percentage of output voltage change 
with a change in the load current. 

For virtually all but laboratory purposes, 0.1 percent 
regulation is more than adequate and is readily at-
tainable with simple circuits and inexpensive 
components. 

Since we're building what amounts to a fixed-
voltage supply, we can eliminate most of the IC regu-
lators that provide adjustable output such as the 
LM-317, the LM-350, and the LM-723. 

Members of the 78XX series, on the other hand, are 
adjustable within limits, can deliver more than an 
ampere of regulated output, require very few external 
components, and provide regulation better than 0.1 
percent. (The 7812 regulator is used in our finished 
power supply.) In addition, they have internal short-
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fig. 5. A 78XX regulator with a PNP "wraparound" pass 
transistor. Regulator IC and pass transistor share load 
current in the ratio set by R1 and R2. 

circuit protection, internal over-heating protection and 
can lend these properties to the pass transistors as 
well. These chips have a ripple rejection of better than 
50 dB and require an input only about 2.5 volts above 
their regulated output. The regulated output voltage 
is adjustable within limits by inserting a resistor in the 
ground lead. That's a lot of regulator for a couple of 
bucksl 

designing the filter13 

The requirement of a 2.5-volt differential between 
input and regulated output sets the dropout voltage. 
That's the input voltage below which the regulator 
chip loses control. At the dropout voltage, any further 
reduction in the input produces a similar reduction in 
the output. 

The dropout figure is the reason we deferred design 
of the filter until the regulator was chosen. What does 
that have to do with filter design? Plenty. Any AC 
ripple voltage on the regulator input makes the instan-
taneous voltage rise and fall at a 120-Hz rate. The 
larger the ripple voltage, the greater the peak swings 
of the input voltage. If the input dips below the drop-
out value on those negative peaks, the regulated out-
put also drops, introducing ripple into the output. 

Obviously, we need filter design that will keep the 
negative ripple peaks above the dropout voltage. 

Since we want an output voltage of 13.8 volts, we'll 
select a 7812 regulator chip and raise its voltage with 
a resistor in the ground lead. And because data sheets 
for the 7812 put the input dropout voltage at about 
2.5 volts, we must supply an input voltage of at least 
16.3 volts; that is, the input voltage must never fall 
below 16.3 volts or ripple will appear in the output. 

We have already determined that the output voltage 
of the rectifiers and filter will be 17.0 volts under full 

load. How much ripple can we tolerate without going 
into the dropout zone? The difference between 17.0 
volts and 16.3 volts is 0.7 volt, which is the value of 
the negative peaks we can tolerate. That would give 
us 2 x 0.7 volt or 1.4 volts peak-to-peak, as the maxi-
mum tolerable amount. 

How much capacitance do we need between the 
bridge output and ground to limit ripple to this 
amount? All recent editions of the ARRL Radio 
Amateur's Handbook explain the problem in detail. In 
short, for a ripple frequency of 120 Hz, the required 
capacitance in jiF would be: 

-fjiF 
I x 8.3 x 1000 

where / is the load current and E is the peak-to-peak 
ripple voltage. In our supply, I = 20 amperes and 
E = 5.2 volts. The required capacitance would be 
118,571 jiF. 

As a matter of economics, a commercial manufac-
turer might choose a 120,000 /*F capacitor or choose 
to use a higher input voltage to reduce the required 
capacitance. The purpose of the design computation, 
of course, was to determine the minimum permissi-
ble amount of filtering. But a savvy Amateur would 
use more than the minimum — probably at least 
150,000 fiF. Such values are easily obtained by paral-
leling computer surplus units purchased at hamfests 
or from mail-order suppliers or obtained from a friend's 
junk box. 

Since the maximum amount of allowable ripple 

w 
REGULATED 

OUTPUT 
O 

* 

1 
fig. 6. Another version of the 78XX regulator using an 
NPN pass transistor. A PNP driver stage provides correct 
bias voltage polarity. Voltage regulation of this circuit 
and that of fig. 5 is of the order of 0.1 percent. 
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determines the amount of filter capacitance required, 
the problem could also be attacked by increasing the 
input voltage to the regulator, thus increasing the 
allowable ripple level. This can be done simply by using 
a transformer with a higher output voltage, with the 
trade-off that the pass transistors will have to dispose 
of more excess voltage, thus dissipating more heat. 

A more sophisticated way to get the best of both 
methods is used in some Astron commercial power 
supplies, among others. An example appears in fig. 
7, Here additional taps on the transformer secondary 
provide higher voltage at low current to operate the 
regulator chip while the lower-voltage, high-current 
winding operates the pass transistors and supplies the 
main output. 

In the circuit shown, the regulator chip (an LM-723) 
takes its input from the higher-voltage supply that is 
separately rectified and separately filtered. Because the 
load impedance on this supply is quite high (small load 
current compared to the input voltage) it is quite easy 
to filter well, and the higher voltage input allows even 
greater leeway with the ripple content. 

The highly-filtered input to the regulator chip could 
also be provided by a separate transformer, avoiding 
the need for a specially-wound transformer such as 
those found in some commercial units. 

Separate regulator supplies cannot be used with the 
78XX wraparound regulator circuit we have chosen for 
our example supply, however. 

choosing a driver stage 
In our chosen circuit, we need a PNP driver between 

the regulator chip and the pass transistors to invert 
the polarity of the error-voltage changes. In other cir-
cuits we might also need a driver to supply sufficient 
base drive to the pass elements, as in fig. 7, for ex-
ample. But how much drive current do we need? 

The answer lies in our choice of pass transistors. 
We will use two 2N3055s to deliver 20 amperes. The 
p of these transistors typically is about 70. Twenty 
amperes divided by 70 is 0.286 ampere, which is the 
amount of drive current we need. But to be on the 
safe side, we'll choose a transistor that will deliver at 
least twice that amount. It happens that an ECG 129 
will handle 1 ampere of collector current and has a p 
of about 100. It is an inexpensive, readily-available PNP 
transistor and so would make a good choice. 

In heavier supplies, or when it is necessary to drive 
less sensitive pass transistors, thus requiring more base 
drive than 1 ampere, it will be necessary to use a heftier 
driver transistor. The Darlington PNP IC designated 
TIP-125 will deliver up to 5 amperes of drive current 
and, because it has a P of at least 1000, the drive it 
requires from the regulator is very small indeed. Thus 
the TIP-125 could be used with such regulators as the 
LM-723 and the 78LXX series, which deliver only about 
100 mA of regulated output. 

choosing pass transistors 
Pass transistors are the "valves" that control the 

flow of current from the rectifiers to the load, and they 
act much as though they were variable resistors in 
series with the load. They must absorb ail the power 
supply energy not taken by the load. In our case, they 
must absorb a voltage drop of 3.2 at 20 amperes under 
full load = 64 watts. 

For our pass transistors, we'll select the readily-
available, rugged, and inexpensive 2N3055 NPN sili-
cons rated at 115 watts each and 15 amperes maxi-
mum collector current. They have a forward current 
transfer ratio (hpg or /3) of about 70. They cost less 
than $2 each at discount houses and hamfests, and 
often sell for a fraction of that. 

One 2N3055 would handle the full heat load from 
our power supply — only 64 watts — but one tran-
sistor can't handle the 20 ampere maximum current 
we want to draw. 

We can overcome this by connecting two pass tran-
sistors in parallel, providing 30 amperes capability. But 
they can't simply be connected in parallel because all 
semiconductor devices are slightly different: one tran-
sistor, with the higher /?, would try to take all the cur-
rent, leaving little on none for its mate. This is easily 
corrected with low-value resistors in each collector 
load, allowing the current to equalize. Power dissi-
pated in each 0.1-ohm resistor equals l2R where 
I = half the total load current (the current through 
each transistor). Since in this case I = 10, I2 = 100 
and P = 10 watts. 

However, it probably is not necessary to use 10-watt 
resistors because 1 = 10 only when the key is down 
or voice peaks are maximum. The average, even in 
CW, will probably be about 5 amperes. At that level 
I2 = 25 and P = 2.5 watts. Most likely a 5-watt 
resistor will work fine. Resistors, like transformers, 
have a relatively large thermal inertia because of their 
mass — a wholly different situation than prevails in 
semiconductors, which will fail immediately when their 
maximum ratings are exceeded. 

Exact resistance values are not critical in the emitter-
equalizer applications so long as they equal each other 
and offer a very low voltage-drop at maximum cur-
rent. Two 5-watt resistors in parallel could be used in 
place of a single 10-watt resistor. 

heat sinking311 

Transistor junctions, even in big power transistors, 
are very small devices: they have little mass, hence 
low thermal inertia. In other words, they get hot almost 
instantly, even in normal use. Power transistors are 
packaged in cases designed to dissipate this heat; they 
partly make up, by their own bulk, what the silicon 
junction lacks in mass. That's why the collectors on 
most power transistors are connected to the metal 
case of a TO-3-type package and to the tab of a 
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fig. 7. Simplified diagram for Astrori RS-35M power supply. 

T0-220-type package. The collector generates most 
of the internal heat because it must carry all the emitter 
current plus all the base current. 

External heat sinks are large masses of metal, such 
as aluminum or copper, that are highly conductive of 
heat and have a large surface area to help transfer that 
heat to the surrounding air. A lot of complex formulas 
exist for calculating the necessary amount of heat 
sinking.311 They take into account the mass of the 
heat sink, the temperature of the surrounding air, and 
the degree of thermal coupling between the transistor 
case and the heat sink. 

Use these formulas if you like, but a Sylvania shop 
note offers a better practical suggestion: "Use the big-
gest heat sink you can find that will fit into the space 
available." 

The pass transistors obviously need a large amount 
of heat sinking because they must dissipate a large 
amount of heat at maximum current. So do the recti-
fier diodes or bridge. 

The regulator chip and driver transistor will also 

perform better and last longer if they are used with 
an adequate heat sink. Power resistors, used in several 
places in the circuit, don't need heat sinks, but they 
should be mounted on top of the chassis where air 
can circulate around them. 

stabilizing the regulator 

Regulators, whether they are IC chips or discrete 
components, are high-gain amplifiers and thus are sub-
ject to self-oscillation unless precautions are taken to 
prevent it. 

Sometimes such suppression is quite easy and 
sometimes it requires a great deal of experimentation. 
But no regulated power supply should be put into 
service until it has been given a thorough test for 
oscillation, preferably using an oscilloscope connected 
across the output terminals of the supply. Oscillations, 
usually in the 10 kHz to 10 MHz range, will appear as 
thickening of the trace even if they are not resolvable 
into individual cycles. Another test option would be 
to use an RF probe with a VTVM. The meter should 
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Front panel of 50-ampere power supply. Power ON/OFF 
switch is at bottom left. Fuse holder is next (with neon lamp 
to indicate blown fuse). A10-turn pot is used to adjust voltage. 
A 2-pin Jones plug (lower right) provides output voltage for 
small loads. 

s h o w no output at all if the power supply is stable, 
and will give readings of probably several volts if 
oscillations are present. 

The supply may be stable at no load, but break into 
oscillation at some values of load current while re-
maining stable at other values. It is necessary to apply 
several different loads while checking for oscillations 
to be sure the supply is stable. A good range would 
be 10 percent, 50 percent, and 110 percent of the rated 
capacity of the supply. 

A standard precaution to observe during construc-
tion is to return all g round leads to a single point in 
order to avoid ground loops. A suitable point would 
be the negative terminal of the filter capacitor. This 
would be connected to the chassis by a heavy con-

ductor leading directly to the output terminal and 
grounded there. This connection must be made with 
wire heavy enough to handle the entire rated output 
of the power supply without significant voltage drop. 
T w o or three pieces of flexible copper braid from RG-8 
coax would be suitable for a 30 or 40-ampere supply. 
Cables sold for automobile battery connections are 
also usually adequate. 

All 7 8 X X regulators must be bypassed directly from 
the input pin to the control pin by a 0.1 pF capacitor 
connected right at the terminals of the device. Ordi-
narily, this is enough; however, it sometimes occurs 
that the inverter/driver transistor or the pass tran-
sistor(s) or combinations of both will oscillate. This is 
especially true if leads are longer than an inch or two 
between these devices and the IC regulator or between 
transistors. In most supplies, these leads are much 
longer than that because of the sheer physical size of 
the components. 

The cures are usually found by cut-and-try. Try by-
pass capacitors of 0.01 to 1.0 ^F. Disc ceramic, metal 
film, solid tantalum, electrolytic or Mylar are suitable, 
but capacitance values of electrolytics should be in the 
2-10 n f range. Try first bypassing base connections 
right at the transistors. In a parallel-pass-transistor cir-
cuit, try bypassing one transistor but not the others, 
thus unbalancing any push-pull oscillation. 

If bypassing bases doesn't work, try bypassing emit-
ters or collectors. If necessary, insert 100-ohm resistors 
in series with base connections and bypass one end 
of the resistors. But don 't use resistors in high-current 
leads, or substitute driver or pass transistors of lower 
ft, for obvious reasons. 

The supply may be considered stable if it generates 
no oscillations at any load within its rated output, even 
when the load is switched on and off rapidly and 
repeatedly. 

RF sensitivity 
Another potential source of instability in a power 

supply is sensitivity to strong RF fields produced by 
local transmitters. This is not self-oscillation, but it can 
exhibit some of the same symptoms — loss or de-
gradation of regulation. With either external RF or in-
ternal oscillations, it is not uncommon to see the 
voltage rise when a load is applied. 

The cure for this problem is to keep RF out of the 
power supply. It is most troublesome at the very low-
level stages - the regulator chip or transistor. In ex-
treme cases, enough RF may be present to upset a 
pass transistor or driver. 

Enclosing the power supply in a metal cabinet is sim-
ple and usually the only RF protection necessary, 
especially if the cabinet is connected to the station 
ground. The next simple, obvious step is to bypass 
A C leads to the chassis and to each other where they 
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fig. 8. Crowbar circuits using SCRs. In (A! if the regulator 
fails, the overvoltage will continue to pass excessive 
current to ground with possible destruction of the SCR, 
transistors, and transformer. In IB), the SCR is connected 
across the filter capacitor so that if an overvoltage occurs 
the short circuit merely blows the fuse. 

enter the cabinet. The core of the transformer should 
also be grounded, along with its internal Faraday shield 
(if it has one). Suitable AC line bypasses would be 0.02 
to 0.05 pF at 600 volts or more. 

The output should also be bypassed by capacitors 
of 0.05 to 0.25 because the leads taking power to 
the load can act as an antenna, feeding RF back into 
the supply. In aggravated cases such as might occur 
when operating with a high VSWR, with high RF 
voltages all over the station, it may be desirable to 
enclose the regulator chip in an RF-tight metal box 
within the power supply cabinet, with leads entering 
and leaving through 0.005 pF feed-through capacitors. 

Such extreme measures will seldom be necessary, 
but it is well to be aware of available curative methods 
should problems arise. 

overvoltage protection1219 

If a regulator chip were to fail or if a pass transistor 
were to short, the result would be that the full output 
of the bridge would appear at the output of the power 
supply, with dire consequences for any 12-volt solid-
state equipment connected to it. 

One common means of protection against this 
potentiality is a "crowbar circuit." Its usual arrange-
ment includes a silicon-controlled-rectifier (SCR) rated 

to handle at least the full rated output current of the 
power supply. The trigger of the SCR is connected 
to the wiper of a potentiometer connected across the 
regulated output of the supply. The potentiometer is 
adjusted so that if the output voltage rises above some 
predetermined value — usually about 15 volts — the 
SCR is triggered into conduction, becoming, in effect, 
a short circuit or "crowbar." 

In many commercial supplies, the crowbar is applied 
directly across the regulated output of the supply. The 
theory is that this will actuate the automatic over-
current shutdown feature of the regulator chip, thus 
shutting off the supply. 

It's an excellent theory and it works fine in practice 
as long as the regulator chip works. But if the primary 
cause of the overvoltage is failure of the chip, there's 
a good chance that it won't shut down, either. The 
result is that the overvoltage continues to jam ex-
cessive current through the SCR to ground, with 
probable destruction of the pass transistors, possible 
destruction of the SCR and possible damage to the 
transformer itself (see fig. 8A). 

A much safer procedure is to connect the SCR 
across the filter capacitor, following a fuse or circuit 
breaker rated slightly above the maximum allowable 
current from the supply. Then, when an overvoltage 
triggers the SCR (with the trigger still connected to 
the pot across the regulated output), the short circuit 
merely blows the fuse (fig. 8B). Note that if the filter 
capacitor should short, it would also blow the fuse, 
thus preventing damage to the transformer. 

Another approach to limiting overvoltage is simply 
to put a big zener diode across the regulated output 
of the supply. The zener is rated at the maximum 
voltage you want to allow (for example, 15 volts) and 
should be designed to handle about as much current 
as the power supply is rated for. 

If a heavy-duty lead-acid battery is floated across 
the power supply output in parallel with the load, it 
alone will limit overvoltage to reasonably safe values. 
If the regulator fails or a pass transistor shorts, the 
excess energy is absorbed by the battery and con-
verted into heat, letting the voltage rise only a little. 
Prolonged operation in this mode, of course, will even-
tually damage or destroy the battery, but no major 
harm is done during short periods, allowing ample time 
to shut down the supply and the equipment connected 
to it. 

metering 
A power supply — especially one designed for heavy 

duty — is much more convenient if it is provided with 
meters to read both voltage and current. This can be 
done with ordinary 0-50 pA meters or even 0-1 mA 
meters, as follows. 

Since 50 /AA meters are available inexpensively from 
Radio Shack and other suppliers, and since they offer 
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fig. 9. (A! Schematic of the power supply based on features discussed in the text. Circuit provides 13.8 volts at 20 amperes 
intermittent. 15 amperes continuous. Regulation is 0.01 volt; (B) Detail of T v using transformers in series. 

a convenient scale, we'll use one to measure both volt-
age and current, as illustrated in fig. 9. Essentially, 
both circuits use the meter in series with a multi-
plying resistor to measure the voltage drop across a 
resistor. This avoids any need to calculate and wind 
super-accurate, super-low resistance shunts for the 
ammeter. 

To measure voltage, the circuit provides an ex-
panded scale that reads from 10 to 15 volts. CR2 is 
a 10.0 volt zener selected especially for accuracy. If 
it operates at any other voltage — even 0.1 volt more 
or less than 10 volts — the meter will be accurate only 
at the voltage at which it was calibrated. R13 is chosen 
to let the zener draw a modest amount of current; a 
few milliamps is plenty. The meter, in series with 
R14, then reads the voltage drop across R13 which 
will always be 10 volts less than the output voltage. 
To calibrate, put an accurate voltmeter across the 
power supply output and adjust R13 until the meters 
agree. Ten volts will now be 0 on the meter and 15 
volts will read 50. 

To read voltage, mentally insert a decimal point and 
add 10. Thus, 14 volts will read 40 on the scale, and 
13.8 volts will read 38. (If you prefer, you can remove 
the plastic cover from the meter and renumber the 
dial.) 

item description 
C1,C2,C3 0.05 IUF 600 volt 
C4 40,000 IIF 35 volt 
C5 0.1 to 2.0 IJF 50 kilohm (see text) 
C6 0.1 fiF 50 volt 
C7 0.68 iuF 50 volt (see text) 
ca 0.25 VLF 600 volt 
CR1 2.5 amp diode 50 volt minimum 
CR2 10.0 volt zener, 1.0 watt (see text) 
F1 5 amp fuse 
F2 25 amp cartridge fuse 
M1.M2 0-50 tJk DC 
01 ,02 2N3055 or equivalent 
Q3 ECG 129 or TIP 125 or similar PNP 
R1 250 ohm 20 watt 
R2 0.025 ohm 20 watt 
R3 0.5 ohm 2 watt 
R4 100 ohm 2 watt 
R5,R6 0.1 ohm 5 watt 
R7 75 ohm 1 watt 
R8 1 kilohm linear 
R9 omitted 
R10 1.5 kilohm 1/2 watt 
R11 150 ohm 5 watt 
R12 20 kilohm circuit board potentiometer 
R13 100 ohm 1/2 watt 
R14 100 kilohm circuit board potentiometer 
SW1 toggle switch SPST 
71 120 volt to 18-25 volt, 15-20 amp 
U1 25 amp 50 volt rectifier bridge 
U2 7812 regulator 
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The ammeter, shown as M1 in fig. 9, is also rigged 
as a voltmeter, with R12 as a multiplier. The more 
current demanded from the supply, the larger the 
voltage drop across R2. The voltage is directly pro-
portional to the current. 

To calibrate, apply a resistor of known value across 
the power supply output and calculate the current it 
draws at the output voltage. A 2-ohm load resistor will 
draw 7 amperes at 14 volts (since I = E/R).A10-ohm 
resistor will draw 1.4 amperes at 14 volts. 

Before you calibrate, however, you must decide 
what scales you want to use. One scale should have 
the supply's rated output about mid-scale. Thus, our 
20-ampere intermittent duty supply should have one 
scale that reads 0-40, or more conveniently, 0-50 
amperes. Another range could be 0-5 amperes. In 
either case, the markings on the Radio Shack 0-50 pA 
meter are appropriate-

To calibrate for 0-50 amperes, use the 2-ohm load 
resistor and adjust R12 to make the meter read 7.0. 
The same meter can be used on two ranges by 
hooking up another potentiometer and switching the 
positive pole of M1 from R12 to the new potentio-
meter. The second pot could be set with the 10-ohm 
load resistor, adjusting it to give a reading of 1.4 (if 
the output voltage is 14). 

The same meter can also be switched, of course, 
to read both current and voltage. 

Bottom view of power supply chassis. Large can-like object 
at left is the 7 pF non-polar tuning capacitor of the ferro-
resonant core power transformer used in this supply. The two 
T0-200-case devices in the heat sinks are the 7812 regulator 
and drive transistor. The two power resistors (lower rightl 
are in the input load-division network of the pass transistors 
and regulator chip. The two cylindrical objects at the top are 
tubular capacitors used to bypass A C lines. 

Side view of power supply. At left is the 50-amp fuse mounted 
on two polystyrene pillars. A small bleeder resistor is mounted 
on the left-hand pillar. The five power resistors on the ter-
minal board comprise the current-sensing resistor ahead of 
the power transistors. The calibration pot for the voltmeter 
is mounted on a small tab of circuit board atop the resistor 
terminal board. The filter capacitors are obvious. At right and 
behind the large capacitors is the rectifier heat sink with two 
35-A 200-PIV diodes for the full-wave center-tap circuit. 

the final product 
The complete schematic of our finished example 

power supply is shown in fig. 9. 
The capacitors in the transformer primary, C I , C2, 

and C3, are standard equipment and should be in-
cluded in every power supply. They not only bypass 
RF that may be present on the power line but also tend 
to suppress voltage transient spikes coming down the 
power line by reducing their amplitude before they 
reach the transformer. 

The low-voltage fuse, F2, is placed ahead of the 
regulator so that it will not degrade voltage regulation. 
The fuse has appreciable resistance; if it were placed 
in the output line, the voltage drop would be signifi-
cant and would vary with the load current, thus 
degrading regulation. 

R1 is simply a bleeder resistor designed to discharge 
the filter capacitor, C4, when the supply is turned off. 

The power supply shown in the pictures is similar, 
but not identical, to the example supply described in 
this article. It is built around a 50-ampere saturable-
core (constant voltage) transformer and uses six 
2N3055 pass transistors in parallel. Four of them are 
mounted on the long heat sink on top of the supply. 
Two more are mounted on a smaller heat sink 
mounted at the back of the supply. 

The voltage control pot, R8, is a 10-turn unit with 
a counter built into the knob, the knob farthest to the 
right on the front panel of the supply. 

A small LED shines through a hole in the panel be-
tween the two meters to indicate that power is on. 
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It takes its voltage from the bridge, so that it won't 
be turned on by the battery system that normally floats 
across the output of the supply. 

The sides and bottom, normally enclosed by cane-
metal covers, have been left uncovered for photo-
graphic purposes. The project was built on a standard 
light-duty aluminum chassis reinforced with scrap 
sheet aluminum to support the 30-pound transformer. 
Pieces of 1-inch aluminum angle stock, mounted on 
the corners of the chassis, support angle-stock rails 
at the top. The rails, in turn, support the heat sink. 

The 35-ampere, 200-volt rectifier diodes are mounted 
on a large heat sink that is enclosed by the cane-metal 
sides. The regulator chip and TIP-125 driver/inverter 

, chip are mounted under the chassis on small heat 
sinks. All heat-sinked components are insulated with 
mica washers and silicone heat sink compound. 

With the transformer and components shown, the 
supply can easily deliver 40 amperes or more con-
tinuously. The maximum capability of the supply has 
never been tested, but the pass transistors can easily 
handle 50 amperes continuously. The transformer was 
salvaged from a discarded computer terminal unit and 
the current-handling capacity was estimated from the 
core cross-sectional area the No. 4 wire used for the 
secondary center tap serving two secondary windings, 
each brought out on No. 10 wire. It is a ferro-resonant, 
saturable core unit with inherent voltage regulation 
properties providing better than 5 percent load regula-
tion at the bridge output.* 

The white pillar to the left of R2 is an insulating post 
supporting cables going to the B + output connector. 
The power resistor attached to the post is the bleeder 
resistor. The chassis-mounted power resistor between 
the post and R2 is R4. It doesn't need to be that big, 
but it was the only unit I had with the right resistance 
value. 
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1 Nello Sevastopoulos, et al, Voltage Regulator Handbook, National Semi-
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8. KennBth M. Shamburger, "Cornerstone of Equipment Failure: Heat 
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Irom Avatar Magnetics, 1147 N. Emerson Street, Indianpolis, Indiana 46219. 
Avatar is operated by Ron Williams. W9JVF. Information sheets ate free on 
request. 

A rear view of power supply, with the two pass-transistor 
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This article also appeared in the February, 1984 issue of A5- Amateur Television Magazine™, the official 
journal of the United States A TV Society (804 Jefferson Avenue, Lowden, Iowa 52255) — Ed. 

fast-scan ATV power amplifier 
Modification of 

4CX250B design 
boosts power, 

improves image 

After running QRP (6 watts) Fast-Scan Amateur TV 
for a year, I decided I wanted to build an amplifier for 
ATV that would give me a substantial amount of 
power as well as good quality video, color, and sub-
carrier sound. After talking with Ron Stefanskie, 
W9ZIH, who runs really high power (500 watts from 
a commercial broadcast tube — an 8938), I decided 
I couldn't afford this approach and probably wasn't 
technically competent enough to build it anyway. Bill 
Bryant, K9KKL, my mentor, made up my mind for me. 
After seeing his single 4CX250B run 70 video watts, 
I started looking for information and parts to build a 
two-tube 4CX250B (K2RIW design) amplifier. The 
hardest part was collecting the parts. It took a whole 
summer of hamfests and a winter of contacting friends 
to finally gather everything needed. 

modifying the linear 
After some research, I decided to build the basic 

K2RIW design. Since I had no plans to run it on SSB, 
and only on ATV, I built everything heavy duty to with-
stand continuous-duty video transmissions, and to 
grid-modulate the tubes with video. Because of the 
bandwidth restrictions of the grid circuit, the sync 
pulses, the 3.579 MHz colorburst, and the 4.5 MHz 
sound subcarrier signals are severely attenuated if you 
run the amplifier as a linear. But by driving the amplifier 
with an FM carrier, feeding your video and subcarrier 
audio via a video modulator into the control grids of 
the 4CX250B's, you are able to avoid the effects of 
the grid circuit. Now the only circuit left to affect the 
video is the plate line, and its bandwidth is wide 
enough to pass good color, sound, and excellent res-
olution if it's properly tuned. 

Basically, I followed the original construction arti-
cle for the amplifier with some minor changes.1 I 
trimmed the plate stripline inductor, L1, to resonate 

at 439.250 instead of 432 MHz. The grid feed-through 
capacitor, originally 1000 pF, was changed to a value 
that will pass video; I used 60 pF. The screen grids 
must be video-bypassed with a 10 microfarad capacitor 
(450 volt rating) as well as RF bypassed with a 1000 
pF feed-through. The grid metering cannot be utiliz-
ed because of the video modulated negative bias 
voltage. Bypassing is very important for the grid com-
partment because of high RF fields and the inclusion 
of video. 

Even though the original article called for SK-610 
sockets, forget it! Use the SK-620s or SK-630s with 
the built-in screen-bypass ring. And while the original 
article called for beryllium copper for the flappers, I 
used silver plated brass. The plate line and plate load 
capacitors, as well as the grid line inductors are all sil-
ver plated, too. 

ready-made modules 
simplify construction 

I used the VM-2 grid modulator and FMA-5 subcar-
rier audio board available from P.C. Electronics* to 
modulate the grids. I found several things necessary 
for good results. Use short shielded leads between the 
subcarrier audio board and the modulator, and be-
tween the modulator and grid feed-through capacitor. 
All power supplies, modulator supply, grid bias and 
screen supply should be well regulated. The bias volt-
age should be adjustable so it can be set for best re-
sults. The carrier injection level from the subcarrier 
audio generator is important, because too high a level 
destroys the color, and too low a level will eliminate 
the audio. 

The frequency of the audio board should be within 
± 10 kHz of 4.500 MHz. A series trap consisting of a 
capacitor and inductor resonant at 4.5 MHz must be 
placed at the point where the video is fed into the 
modulator. This keeps the video line from loading 
down the 4.5 MHz signal. 

Probably the most important part of this whole op-
eration is the tuning of the amplifier for a good high 
resolution and good color with subcarrier audio signal. 
Tune to the high sideband side of the signal so as not 
to attenuate the sync pulses and 4.5 MHz audio signal. 

"P.C. Electronics, 2522 Paxson Lane, Arcadia, California 91006. 

By Dave Williams, WB0ZJP, 5501 Holborn, St. 
Louis, Missouri 63121 
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tune-up is easy 
To tune the amplifier properly, I strongly recom-

mend using an RF/video detector at the amplifier out-
put. I use a DM-1 RF/video detector board (also avail-

A correct video waveform showing the 0 line or blanking level, 
the sync pulse, color burst and video information from 0 to 
100. 0 being reference black and 100 being reference white. 

Shown here: the amplifier was tuned for maximum power 
out. but look at the sync pulse! 

Believe it or not. this produced a picture. Shown here is what 
happens when the amplifier is tuned on the wrong sideband: 
notice that the sync pulse and color burst signals are gone. 
(The overall quality of this picture was poor.) 

Sync compression is shown here from trying to tune the 
amplifier for that extra watt of power. What you think you 
gain in power you lose in the ability for your picture to lock 
up under weak signal condition. 

Faceplate of the amplifier which is rack mounted with the 
power supply. Notice the "video in" connector (SO-239) and 
video level adjustment pot and "audio in" 11/4-inch phone 
plug) and level adjustment pot. 

able from P.C. Electronics) and use capacitive disc 
coupling in the plate compartment to sample the out-
going signal and feed it into my detector. This then 
goes into an RCA TO-1 waveform monitor, although 
any oscilloscope with a bandwidth of 5 MHz will work. 
You can observe your transmitted video waveform and 
the effect tuning the amplifier has on it. 

You cannot tune for maximum power out as in SSB. 
Instead, tune for as much power out as possible while 
still maintaining a good quality video waveform with-
out clipping sync pulses, color-burst, and 4.5 MHz 
audio subcarrier signals. I drive my amplifier with an 
old T-44 Motorola FM transmitter strip with about 10 
watts. That's not saying you couldn't build up a solid-
state 439.250 MHz FM exciter or even drive it with one 
of the all mode or FM transceivers on the market that 
covers that frequency. With 10 watts of drive 1350V 
on the plates, and 400 milliamperes of current at - 60 
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SATELLITE TELEVISION RECEIVER 
SEMIKIT 

with dual conversion downconverter 

FEATURES: 
• Infrared remote control tuning 
• AFC, SAW filter 
• RF or video output 
• Stereo output 
• Polorator controls 
• LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 Nickel, San Pablo, CA 94806 136 Tel. 415-724-0587 

Free Antenna Accessories Catalog 

4 Coaxial Antenna Relays 
Remolely select up to 9 antennas 

Irom your transmitter, using only one 
coaxial cable Environmentalizeji, 'ugh 
power and low loss 

W2AU and W2DU Balunsf 
Our batuns, center insulators and in-

sulators have been prelerred tor 20 
years by Hams, industry, and INe armed 
lorces Protect against TVI and lightning 
1 8-200 MHz 

4 W2VS Antenna Traps 
Add these traps to your dipole and 

gel low SWR on 2 to 6 bands, depen-
ding on how many you add Antenna 
wire and custom kits also available 

Send For Yours Today* 
Don't delay. Call or write today, and 

we will send you tree literature which 
fully describes our Ham antenna ac-
cessory product line 

Dealer inquiries also welcome. 

- [I:,Ml' tWTl ; yj ' • ,, I 6743 Kinno SI., EhgI Syracuse, NY 1305? iJ ,Bi l ,^ f , i i „c ' , . i„. Toll Froo 1-S00-44B-1666 TWX 710-541-0493 NV/HIIAK/Cnnodn (Colloetl 315 437-39S3 
ISO 
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Plate line inductor and compartment, with audio subcarrier 
generator Cleft). The 4.5 MHz audio signal goes through the 
chassis via shielded cables to the modulator located under-
neath with the grid box. 

This photo shows the grid modulator (top) in relation to the 
grid compartment. Notice 10 microfarad. 450 volt bypass 
capacitors on the grid box for the screen. Filament trans-
former is shown in the lower right; the modulator should be 
close to grid feed-through and shielded cables used. 

volts of bias, I get 200 watts of acceptable quality color 
video and sound. For black and white operation only 
and without sound, I can push it to over 300 watts. 
Run properly, the hottest air temperature from the 
tubes is 115 degrees, and this is after one-hour of key 
down! So for those of you who have an existing RIW 
type amplifier or are thinking of building one to operate 
on 439.250 MHz Fast-Scan ATV, for a little extra effort 
and a few extra parts, yog can be rewarded with high 
power, high-resolution FSATV pictures. 

reference 
1. Richard T. Knodle, Jr., K2RIW. " A Strip Line Ki lowiiu Amplitior tor 432 
M H / . " QST, April, 1972. pages 49 55: May. 1972, pages 59 62, 79. 

ham radio 

"is ». -



predicting solar outages 
Don't worry. We're not in imminent danger of losing the sun. The 
term "solar outage" merely describes the phenomenon in which radio 
reception suddenly deteriorates, with a decreasing signal-to-noise 
ratio. This article is addressed to Radio Amateurs experimenting with 
the reception of signals from the geosynchronous satellites operating 
in the 3.7-4.2 GHz region (not an Amateur band). — Ed. 

A solar outage occurs when a particular satellite, as 
"seen" by the antenna of a receiving station on Earth, 
is directly in line with the sun. This phenomenon oc-
curs only twice a year for only a short period of time, 
with the duration of the outage primarily determined 
by the size of the antenna and its elevation. 

Used in conjunction with the information provided 
in table 1, the computer program provided in fig. 1 
allows the determination of the date of solar outages. 
Declination of the sun, a necessary input, can be found 
in any current almanac or calculated using eq. 1. 

Alternatively, the following formula can be used to 
calculate the sun's declination, 

Dec = ARCSIN (SfNEl x SINLAT 

+ COS El X COSAZ X COS L AT) (1) 

where Pec = sun's declination (measured in degrees) 
El = elevation angle (from the antenna to 

the satellite) 
Lat = latitude of the receiving station 

(measured in degrees) 
Az = azimuth or bearing from the antenna to 

the satellite (measured in degrees) 

Use either method to determine the value of declina-
tion needed for insertion in the program listed in fig. 1. 

During my first year of TVRO experimentation I built 

a parabolic dish faced on the inside with tinfoil. In my 
haste to put it into operation in time for Christmas, 
I postponed painting the foil until early spring, when 
the weather would be a little warmer. On February 
26th, when I arrived home late in the afternoon, I 
noticed that part of the feedhorn was lying on the 
ground, looking as if it had been shot. Though the 
temperature was in the 30's, the focusing action of 
the dish produced temperatures over 2000 degrees F 
(933 degrees C). Luckily the LNA was not damaged. 

This shouldn't happen with today's dishes, although 
I have seen a number of unpainted dishes in use. 
Remember to be very careful with that huge solar 
mass; I've since learned to respect the sun. 

The program shown in fig. 1 is written for the Radio 
Shack TRS-80 color with extended BASIC. With mini-
mal changes, the routine should work with most other 
personal computers as well. Remember that most 
computers work in radians rather than in degrees, so 
degree value must be divided by (180/pi). At the end 
of the program, multiply the value by 57.295 to ob-
tain degrees. 

provide these inputs: 
EL See any satellite tracker program. 

(One is available from the author. See 
details at end of article. — Ed) 

AZ See above 
LAT Check with local government agencies or 

purchase 7.5 minute topographic maps from 
local stationary or book stores. 

Example. The elevation of the antenna is 31 degrees 
and azimuth is 197 degrees. The antenna latitude is 

By Vern Epp, VE7ABK, 705 6th Street, Nelson, 
B.C., Canada 
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5 REM/BY VERN EPP 705 6TH S T . , 
7 REM/NELSON B.C . CANADA 
8 REM/COPYRIGHT (C) 1984 
10 CLS 
£0 P R I N T " * * * * * S A T E L L I T E SOLAR OUTAGES****" 
30 PRINT! INPUT"LAT. IN DEGREES I S " ; D 
40 INPUT"LAT. I N MINUTES IS"?M 
50 INPUT"LAT. IN SECONDS I S " ; S 
60 LAT=D+M/60+S/3600 
70 INPUT"ELEVATION IN DEGREES I S " ; E L 
80 INPUT"AZIMUTH OF SATELLITE DISH IN DEGREES IS" ;AZ 
90 P I = 3 . 1 4 1 6 
100 DR=180 /P I 
110 D E C = ( S I N ( E L / D R ) * S I N ( L A T / D R ) + COS(EL/DR)*COS(AZ/DR)*COS(LAT/D 
R) ) 
120 X=ATN(DEC/SQR(DEC*DEC+1))*57. 295 
130 PRINT"THE TRUE DEC I S ";•. PRINT U S I N G " # # # . # # # " ; X ; s P R I N T " DESR 
EES" 
140 PRINT8462, "WANT ANOTHER?" 
150 A * = I N K E Y $ : I F A$=""THEN 150 
160 I F A$="Y" THEN 10 

fig. 1. TRS-80 color computer program listing helps determine the sun's declination angle throughout the year. 

table 1. General-purpose almanacs provide declination values in minutes and degrees; for use in program, these must be 
converted to decimals. 

Feb 15 -02.25 09 +07.47 Sept 27 -01.52 
19 -11.37 16 -01.85 10 +07.85 01 +08.38 28 -01.92 
20 -11.02 17 -01.45 11 +08.22 02 +08.02 29 -02.30 
21 -10.65 18 -01.07 12 +08.58 03 +07.65 30 -42.68 
22 -10.30 19 -00.77 13 +08.95 04 +07.28 
23 -09.93 20 -00.27 14 +09.32 05 +06.92 Oct 
24 -<9.57 21 +00.13 15 +09.67 06 +06.55 01 -03.08 
25 -09.18 22 400.52 16 +10.03 07 +06.17 82 -03.47 
26 -08.82 23 +00.92 17 +10.38 08 +05.80 03 -03.85 
27 -88.45 24 +01.32 18 +10.73 09 +05.42 04 -04.23 
28 -08.07 25 +01.70 19 +11.08 10 +45.05 05 -04.63 

26 +02.10 20 +11.42 11 +04.67 06 -05.02 
March 27 +02.48 12 +04.28 87 -05.40 
01 -07.68 28 +02.88 13 +03.90 08 -05.78 
02 -07.30 29 +03.27 Aug 14 +03.52 09 -06.15 
03 -06.92 30 +03.67 20 +12.53 15 +03.13 10 -06.53 
04 -06.53 31 +04.05 21 +12.22 16 +02.75 11 -06.92 
05 -06.15 22 +11.88 17 +02.37 12 -07.30 
06 -05.77 April 23 +11.53 18 +01.98 13 -07.67 
07 -05.38 01 +04.43 24 +11.20 19 +01.58 14 -08.05 
08 -05.00 02 +04.82 25 +10.85 20 +01.20 15 -08.42 
09 -#4.60 03 +05.20 26 +10.52 21 +00.82 16 -08.78 
10 -04.22 04 +05.58 27 +10.17 22 +00.42 17 -09.15 
11 -03.82 05 +05.97 28 +09.82 23 +00.03 18 -09.52 
12 -03.43 06 +06.35 29 +09.45 24 -00.35 19 -09.88 
13 -03.03 07 +06.73 30 +09.10 25 -00.75 20 -10.23 
14 -02.63 08 +07.10 31 +08.75 26 -01.13 21 -10.60 
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The monthly magazine w i th a natural b lending of two 
popular hobbies — Ham Radio and Computers 
• Art icles on Ham Radio & Most Personal Computers 

• Hardware & Sottware Reviews 
• Various Computer Languages 

* Construct ion Articles 
* Much Much More. . . 

"...received my moneys worth with just one 
issue..." 

—J. Trenbick 
"...always stop to read CTM, even though 
most other magazines I receive (and write for) 
only get cursory examination..." 

—Fred Blechman, K6UGT 

U . S . A $ 1 5 . 0 0 f o r i y e a r 

Mexico, Canada $25.00 
Foreign $35.00(larid) - $55.00(air) 
(U .S . f u n d s o n l y ) 

Permanent (U.S. Subscription) $100.00 
Sample Copy $3.50 

C i r c u l a t i o n M a n a g e r 
1 7 0 4 S a m D r i v e 

B i r m i n g h a m . A l a b a m a 3 5 2 3 5 
P h o n e 205/854-0271 

t a b l e 2 . N u m b e r o f s o l a r o u t a g e d a y s a n d d u r a t i o n . 

a n t e n n a d i a m e t e r i f e e t ) 8 1 0 1 2 1 6 2 0 

o u t a g e 1 6 14 1 2 1 0 8 
o u t a g e d u r i n g t h e s e d a y s 

( m i n u t e s ) 3 0 2 4 2 0 1 5 1 2 

N o t e : T o d e t e r m i n e t h e b e g i n n i n g o f I h o o u t a g e p e r i o d l i n d t h e 
middle d a y ( u s i n g fig. 1} l l i e n u s e t h i s t a b l e t o l o c a t e , u n d e r y o u r 
a n t e n n a s i ze , t h e t o t a l s p a n o f o u t a g e d a y s a n d d i v i d e b y 2 . 

N a m e 

C a l l S i g n 

A d d r e s s 

C i t y S t a t e 

Z i p P h o n e 

D a t e , 

S i g n a t u r e 
154 

4 9 d e g r e e s . T h e s e v a l u e s , w h e n e n t e r e d , p r o v i d e a 
d e c l i n a t i o n o f - 8 . 3 7 . T h e a l m a n a c i n d i c a t e s t h e s e 
d a t e s as Feb rua ry 2 7 a n d O c t o b e r 15th . F r o m t h e o u t -
age d a y s c h a r t ( t a b l e 2 ) w e f i n d tha t b y us ing a 10 - foo t 
d i sh , w e h a v e so lar d e g r a d a t i o n fo r ± 7 d a y s f o r a 
p e r i o d o f a p p r o x i m a t e l y 2 4 m i n u t e s . 

T h e o u t a g e c h a r t s h o w n in t a b l e 2 is d e s i g n e d f o r 
4 G H z o p e r a t i o n a n d p r o v i d e s t h e to ta l n u m b e r o f days 
in w h i c h s o m e so lar d e g r a d a t i o n can b e e x p e c t e d t o 
o c c u r . T h e t i m e , e x p r e s s e d in m i n u t e s , r ep resen t s t h e 
a p p r o x i m a t e d u r a t i o n o f t h e a n t i c i p a t e d o u t a g e . 

I n f o r m a t i o n p r o v i d e d in t h e a p p e n d i x c a n b e u s e d 
t o d e t e r m i n e t h e e x a c t t i m e o f d a y w h i c h t h e o u t a g e 
w i l l o c c u r . 

reference 
1 D e n n i s M i t c h e l l . K 8 U R . " R e c e i v i n g S i g n a l s ( r a m S p a c e , " ham radio, 
N o v e m b e r . 1984 . p a g e 3 7 . 

appendix 

time of the day calculations 
S t e p 1 

~SINEL (SINIAT x S!NNTRJ 
LHA = .4 HC COS 

S t e p 2 

COSLAT x COSOF.C 

GMT = 1 longitude) _ ^ 

L H A L o c a l a n g l e h o u r i s m e a s u r e m e n t o f t h e s u n ' s c u r r e n t p o s i -
t i o n ( m e a s u r e m e n t i n d e g r e e s ) 

E L E l e v a t i o n o f d i s h o n e a r t h 
L A T L a t i t u d e i n d e g r e e o f e a r t h s t a t i o n 
D E C D e c l i n a t i o n o f the sun m e a s u r e d i n d e g r e e s 
G M T G r e e n w i c h M e a n T i m e 
L O N G I T U D E E a r t h s t a t i o n i n d e g r e e s 

N o l o : G M T m u s t b e c o n v e r t e d t o l o c a l a r e a t i m o 

V e i n E p p ' s c o m p u t e r p r o g r a m , " S a t e l l i t e T r a c k e r , ( $34 ,951 i n c l u d e s 
r o u t i n e s s u c h as g c o s a t l o c a t i o n , d i s h d e s i g n a n d e f f i c i e n c y e v a l u a -
t i o n , p o l a r D i s h D e s i g n L N A c o n v e r s i o n s , a n d C / N c a l c u l a t i o n . A l s o 
a v a i l a b l e is a p r o g r a m lo r p r e d i c t i n g so lar o u t a g e s , ( $ 1 1 . 9 6 ) t h a t c a l c u • 
l a t e s o u t a g e t i m e s u s i n g b u i l t - i n c h a r t s . A n u m b e r o f o t h e r u s e f u l 
r o u t i n e s a r e i n c l u d e d . B o t h p r o g r a m s a r e w r i t t e n f o r T R S - 8 0 C e x 
t e n d e d B A S I C c o m p u t e r . Fo r d e t a i l s , c o n t a c t t h e a u t h o r a t t h e 
a d d r e s s g i v e n o n p a g e 7 5 . 

ham radio 

7 8 OS M a r c h 1985 



ham radio 
TECHNIQUES 0» ' 

It may be too early in the year to 
start working on your antenna, but it's 
not too soon to start thinking about in-
teresting antenna designs! Here's a 
good one for you. 

the "K3ZVH Special" 
for 40 through 10 meters 

This antenna design came to me via 
Jack Walker, VE4DS, who got the in-
formation from J.A. Hutcheson, 
K3ZVH, who has a summer home in 
Selkirk, Manitoba, where Jack lives. 
The antenna covers 40,30, 20,15, and 
10 meters, and provides a low value of 
SWR on each band (fig. 1). It is a 
" fat ," center-fed, broadband dipole. 
Old Timers may find a tear in their eyes 
as it brings back memories of the old 

cage antenna, so popular in the early 
1920's. This design, however, works 
on a different principle. 

The overall length of the antenna is 
85 feet (25.9 meters) and cage diam-
eter is 2 feet (0.61 meter). The anten-
na is fed at the center with a 300-ohm, 
two-wire line. VE4DS uses open-wire 
"ladder" line and K3ZVH uses good-
quality 300-ohm transmitting ribbon 
line. Line length is not critical. A 4-to-1 
balun provides a good match to a 
50-ohm coaxial line. 

building the antenna 
The antenna is built of No. 16 

enamel wire; the hoops are made of 
aluminum TV ground wire bent into a 

circle. The ends of the hoops are 
joined by a short piece of copper 
tubing, which is used as a compression 
sleeve. The wires are attached to the 
hoops by small pieces of copper wire 
twisted around the joint. 

The assembly can be quite unwieldy 
unless it is strung out in a line under 
tension, preferably slung between two 
low supports. (It would be logical to 
string one wire of the cages between 
the supports and then build the rest of 
the cage around that wire.! The wires 
are spaced equidistant around the 
loops, and the tie-wires are wrapped 
with electrical tape after the assembly 
is finished. Because it doesn't seem to 
matter whether electrical contact is 
made between the loops and the an-
tenna wires, no effort was made to 
make such a connection. 

For lowest SWR (usually required 
with a solid-state transmitter), a sim-
ple antenna matching unit is placed at 
the transmitter. If the transmitter can 
work into an SWR as high as 2:1, no 
tuner is required. 

some thoughts on 
the K3ZVH antenna 

It would be interesting to run an 
SWR plot of this antenna over the 
spectrum from 5 MHz to 30 MHz. 
Because of the " fa t " design, I would 
think that impedance excursions from 
a mean value would be modest and the 
antenna might qualify for operation 
over the whole frequency range. Many 
military "broadband" antennas are 
built in this fashion. If any reader of 

a WINE3 EQUIDISTANT ON HOOP. 
HELD IN POSITION WITH TIE WINES 
( F I V E L O O P S F O B EACH HALF 
OF THE ANTENNA). 

fig. 1. The K3ZVH "fat dipole" for 40 through 10 meters. 
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fig. 2. Compact dipole design for 80 meters. 

table 1. Characteristics and operating parameters of the E IMAC 3CX1200A7. 

plate voltage 3600 volts 
cathode voltage 3.4 volts 
zero-signal plate current 220 mA 
single tone plate current 700 mA 
two-tone plate current 500 mA 
single-tone grid current 215 mA 
two-tone grid current 130 mA 
useful power output (CW or PEP) 1750 watts 
3rd-order IMD products - 3 4 dB 
single tone drive power 108 watts 
filament voltage 7.5 VAC 
filament current 21 amperes 
input capacitance 20 PF 
output capacitance 0.2 PF 
cooling: 30 CFM at 0.5 inch/water (anode to base) 

(cooling air must be supplied to base) 
Note: Zener bias derived from four G.E. 1N5062 diodes in series, forward biased, or Motorola 1N4549. 

this columh would care to make a 
frequency-sweep of this design, I'd be 
happy to hear about the results. 

the 80-meter 
compact dipole 

In my February column I described 
a half-size 160-meter dipole for those 
unfortunate hams who do not live on 
200 acres atop a high hill. The same 
technique can be used to make a com-
pact 80-meter dipole that will give a 
good account of itself (fig. 2). This 
dipole is only about 65 feet (19.8 
meters) long and has a bandwidth of 
about 50 kHz where the VSWR is less 
than 2:1. Antenna length is a com-
promise between efficiency and band-

width and the same truths that apply 
to the 160-meter antenna shown last 
month apply to this antenna: a loaded 
antenna can be just about any length, 
but the tradeoffs must be accepted. 
This design is a good compromise, and 
I recommend it. 

Three coils are needed — two load-
ing coils to be placed in the flattop and 
an impedance matching coil placed 
across the feedpoint. A balun is not re-
quired and the antenna is fed directly 
from a 50-ohm coax line. 

adjusting the antenna 
Once the antenna has been built, it 

is erected in place, but at a low eleva-
tion so that a dip-meter can be coupled 

fig. 3. The new EIMAC 3CX1200A7 high-M 
power triode. 

to the matching coil, L3. The end sec-
tions are trimmed equally until reso-
nance is established for low-end 
<3.5-3.7 MHz) or high-end (3.8-4 MHz) 
operation. The feedline is removed for 
this adjustment. 

When antenna resonance is estab-
lished, the antenna is pulled up to its 
final position and SWR measurements 
are made across the frequency band 
of operation. Matching coil L3 is ad-
justed, a quarter-turn at a time, for the 
lowest SWR on the feedline at the fre-
quency of antenna resonance. Refer to 
the discussion of the 160-meter anten-
na in my February column for details 
of the loading and matching coil con-
struction and installation. 

the new EIMAC 3CX1200A7 
power triode 

In recent months Varian EIMAC has 
released data on a new tube of interest 
to Radio Amateurs - the 3CX1200A7 
(fig. 3). For Old Timers, I can say it is 
the "Son of 3-1000Z." For new-
comers, it is a 1200-watt dissipation. 
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Parts list, 3CX1200A7 amplifier. 

item description 

C1,C2 see table 2 
C3,C4 see table 3 
CR1 10 volt, 50 watt zener diode 
J1,J2 coaxial chassis connector (SO-239 or equivalent) 
J3 high voltage connector 
M 0-10 volt iron-vane type AC meter (RMS responding) 
M1 0-1 ampere DC 
M2 0-500 mA DC 
PC three 100-ohm, 2-watt resistors in parallel shunted by 3 turns No. 

14 AWG, 0.5-inch diameter, 0.75-inch long. Coil may be wound 
around one resistor. 

RFC! 50 jiH. 14 bifilar turns No. 10 AWG enamelled wire wound on ferrite 
core 5 inches long, 0.5-inch diameter (Indiana General CF503 or 
equivalent) 

RFC2 100 iiH, 7 ampere DC; 112 turns No. 26 AWG space wound on 1-inch 
ceramic or teflon form 6 inches long. Series-resonant at 24.5 MHz 
with terminals shorted (BSW 800A, or equivalent) 

T1 7.5 volts at 21 amperes, tapped primary 
TD time delay relay (3 seconds) Amperite 115-N03 

Note: All capacitors other than C1 through C4 are 0.01 pF, 600 volt. Capacitors are 
mica type. 

table 2. Cathode circuit component values with an R c of 60 ohms. 

band CI IpF) C2 (pF) L1 (mH) 

160 3300 3100 3.53 

80 1700 1670 1.90 

40 900 840 0.96 

20 440 417 0.47 

15 300 275 0.32 

10 220 205 0.23 

table 3. Plate circuit component values with an R L of 2750 ohms. 

band C3 IpF) C4 IpF) L2 t/iH) L3 tpH> 

160 330 1550 33.0 11.2 

80 165 775 16.5 5.6 

40 80 385 8.2 2.7 

20 40 190 4.1 1.4 

15 27 130 2.7 0.9 

10 20 100 2.0 0.7 

Note: Data on plate circuit design can be found in the 22nd edition of the Radio Handbook, available from 

Ham Radio Bookstore, Greenville, NH 03048. 

high-/j power triode intended for cath-
ode driven, linear amplifier service. The 
tube is very compact, being only 6 
inches (15.3 cm) high and 2-5/8 inches 
(6.7 cm) in diameter. The tube is air-
cooled and is rated for full input to 110 
MHz. 

The characteristics and typicaJ oper-
ating parameters of the 3CX1200A7 
are listed in table 1. 

Using the 3CX1200A7 

The 3CX1200A7 is well-suited for 
linear amplifier service because it pro-
vides maximum FCC-rated power out-
put at a drive level compatible with to-
day's modern solid-state exciter. 

A representative circuit for the 
3CX1200A7 in linear service is shown 
in fig. 4. This is a cathode-driven, 
grounded-grid configuration. A t-L 
network output circuit is chosen for 
maximum harmonic attenuation and a 
ir-network input circuit is used to pro-
vide a good match between the exciter 
and the amplifier (tables 2 and 3). 
Current metering is done in the return 
leads to the power supply so no 
high voltage appears on the meter 
movements. 

Standby and operating bias voltages 
are provided in the grid-filament return 
circuit. Operating bias is set by a Zener 
diode to approximately +3.4 volts. 
The resting plate current is determined 
by the value of zener bias. With no 
bias, at a plate potential of about 3600 
volts, resting plate current is.nearly 250 
mA, so a small value of bias lowers the 
current and reduces plate dissipation. 
For standby, additional cathode bias is 
added in the form of a 10k resistor to 
reduce the current to a very low value. 
The resistor is shorted out by contacts 
on the VOX relay. 

A 50-ohm wirewound resistor from 
the negative side of the plate supply 
to ground makes certain that the nega-
tive terminal does not rise to the value 
of the plate voltage if the positive side 
of the supply is accidentally shorted to 
ground. 

Two reverse-connected diodes are 
shunted across the safety resistor to 
limit any transient surges under a 
shorted condition that might cause 

wiring insulation breakdown or meter 
damage. A resistor across the zener 
diode provides a constant load for it 
and prevents cathode voltage from 
soaring if the zener safety fuse should 
open. 

A 10-ohm, 50-watt resistor is placed 
in series with the B-plus lead to the 
plate RF choke. The resistor serves as 
a low-Q VHF choke to suppress har-
monic currents in the power lead and 
also protects the tube and associated 
circuitry in case of a flash-over in the 

tube or plate circuit. The considerable 
amount of energy stored in the power 
supply filter capacitor is instantaneous-
ly "dumped" into the amplifier in the 
unlikely event of a flash-over, and 
much of this destructive energy is 
dissipated in the resistor. 

the step-start circuit 

The resistance of the thoriated 
tungsten filament of the 3CX1200A7, 
when cold, is about one-tenth its value 
at operating temperature. As a result, 
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fig. 4. Schematic, high-power amplifier using EIMAC 3CX1200A7 tube. 

a filament inrush current as high as 210 
amperes may occur for a fraction of a 
second. It is good commercial practice 
to limit filament inrush current as this 
powerful surge can warp or otherwise 
strain the filament structure of the 
tube. This design incorporates a sim-
ple inrush time delay (TD) protection 
circuit that applies reduced voltage to 
the tube fifament for a short period, 
then allows application of full voltage 
when the filament has had a chance 
to warm up a bit. Total time delay is 
only a matter of seconds, and is a wise 
precaution because the circuitry costs 
but a fraction of a replacement tube! 

safety factors 
It's a good idea to use a filament 

transformer having a primary winding 
tapped for various line voltages. A fila-
ment voltmeter can provide the opera-
tor with a close check on voltage, 
which should be held to ± 5 percent 
of the nominal value of 7.5 volts. 

Complete, detailed information on 
the design and construction of high-

power amplifiers of this type can be 
found in the 22nd edition of the Radio 
Handbook, available f r om Ham 
Radio's Bookstore, Greenville, New 
Hampshire 0304S. 

radio tube closeout 
Edlie Electronics is closing out their 

surplus tube department. Their 1985 
catalog lists over 550 types of receiving 
tubes at two for a dollar, ten for $3.95, 
and 50 for $15. All have been tested, 
but are sold "as is" with no guarantee. 
Most are boxed. 

For details, contact Edlie Electronics, 
2700 Hempstead Turnpike, Levittown, 
New York 11756 (516-735-3330). 

list of EME (moonbounce) 
stations 

A complete list of U.S. and overseas 
VHF moonbounce stations is now 
available. For a copy, send five first-
class postage stamps to me at EIMAC, 
301 Industrial Way, San Carlos, 
California 94070 U.S.A. 

ham radio 

M A D E I K 
U S A I 

MODEL 
SG-100F 
$429.95 
doliveted 

• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy + / - 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out-
put adjustable from 5-500 mV at 50 Ohms 
• Operates on 12 Vdc @ Vt Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator 
• Call or write for details • Phone in your 
order for fast COD shipment. 

VANGUARD LABS 
196-23 Jamaica Ave.. Mollis, NY 11423 

Phone: (718) 468-2720 ^ m 

INCREDIBLE CODE!! 
Learn the Internat ional Morse Code 

by the patented 
"WORD METHOD" 

NO BOOKS 
CARDS 
VISUAL AIDS 
GIMMICKS 

Just listen and learnl the "WORD METHOD" 
Is based on the latest scientific and psycho-
logical techniques. You can zoom past 13 WPM 
In less than HALF THE USUAL TIME!! " 
The kit contains two cassette tapes, over TWO 
HOURS of unique instruction by internationally 
famed educator Huss Farnsworth. Complete 
satisfaction guaranteed. 
Available at local Electronic Dealers, or send 
check or money order for $18.50 plus $1.50 
for postage and handling to: 

EPSILON RECORDS 
P.O. Box 71581 

New Orleans, LA 70172 i m U J 

SAY 
YOU SAW 

IT IN 
ham radio! 
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get on 6 meters -
the inexpensive way 

Converting the 
CRT-1/CPRC-26 

The CRT-1/CPRC-26 radio set shown in fig. 1 is an 
ideal unit for low cost, multichannel 6-meter FM opera-
tion. A Canadian-designed and manufactured six-
channel, crystal-controlled receiver-transmitter, it 
covers the 47.0 to 55.4 MHz frequency range with a 
power output of 300 milliwatts. The receiver's sensi-
tivity is 2 microvolts; its deviation is approximately 15 
kHz. All that's necessary to make the CRT-1 /CPRC-26 
operational is a power supply and the Canadian version 
of the U.S. Military H-33/PT Handset. You can even 
modify the basic unit described in this article to include 

fig. 1. The CRT-1/CPRC-26 radio set represents an easy way 
of "getting on" 6 meters. 

speech limiting, squelch circuitry, and provisions for 
loudspeaker operation. 

theory of operation 
Figure 2 shows a block diagram of the radio set. 

Incoming signals are amplified in the RF amplifier, V7, 
and applied to the mixer, V8, along with the output 
of the crystal oscillator, V4, to produce an IF of 4.3 
MHz. The crystal frequency equals the frequency of 
operation minus 4.3 MHz. The IF signal is then ampli-
fied through four identical IF amplifier stages and fed 
to the limiter, V10. The signal is then routed through 
the audio discriminator to the audio amplifier, V6, and 
to the earphone element of the handset via the out-
put transformer, T1. 

Audio input from the microphone element of the 
handset is applied through the microphone trans-
former, T2, to the modulator, V3. The amplified audio 
is next fed to the master oscillator, V2, via the master 
oscillator coil. The audio input varies the frequency 
of the master oscillator to produce direct FM. The out-
put from the master oscillator, V2, is then applied to 
the power amplifier, V1, and routed to the antenna 
via the output tuning network. 

Because the master oscillator is essentially a VFO, 
some method is needed to ensure that the transmitter 
frequency tracks the receiver frequency. Therefore, 
the output from the mixer, V8, is fed to the AFC 
amplifier, V5, during transmit, through the AFC dis-
criminator to the master oscillator, V2, via voltage 
dividers R5 and R6. In effect, output from the crystal 
oscillator, V4, provides transmitter frequency control. 

power supply 
The power supply for the radio set consists of an 

inverter for high and low B + and a simple +1.4-volt 

By Mark Starin, KB1KJ, 457 Varney Street, 
Manchester, New Hampshire 03102 
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(B) TRANSMITTER SECTION 

(C) AFC LOOP 

fig. 2. The CRT-1/CPRC-26 radio set block diagram (>4) receiver section, (fl) transmitter section, and (C) AFC loop. 

filament regulator board. Bias is supplied by two 
+1,5-volt N cells connected in series and mounted on 
the filament regulator board. Both the inverter and the 
filament regulator board fit inside the battery box, 
which attaches to the rear of the radio set. A 
schematic of the filament regulator circuit is shown 
in fig. 3. 

T h e inverter can be e i ther bought or built. A surplus 
transistorized inverter module, P/N 522-1091-004, is 
available from Fair Radio Sales Company, Inc., (see 
fig. 4). The only disadvantage of this choice is that 
unless the inverter is modified, a +24-volt DC power 
source will be needed. This might prove to be a prob-
lem for anyone operating from a typical automobile. 
A schematic diagram for this circuit is shown in fig. 
5. With +13.8 volts power applied to U1, the input 
regulator circuit, R1, is adjusted until the output 
voltage present at C3 is +140 volts maximum. This 
occurs when Q1 and 02 are biased into oscillation by 
R3 and R4, which produces high-voltage AC at the 
secondary of transformer T1. This AC voltage is recti-
fied by CR1, filtered by C3, and applied to the input 
of the U2 output regulator circuit. Note that the 
LM317 is capable of high-voltage regulation provided 
the input voltage does not exceed the output voltage 

JT 
RL 
SO 
IOW 

X 
STS290MF 

[ 5 0 V 

EXCEPT AS INDICATED, DECIMAL 
RALUAS OL CAPACITANCE AN IN MICRO-
FARADS (IIFX OTHERS ARE IN PICOFAR-
ADS FPF); RESISTANCES ARE IN OHMS, 
K = 1,000 M = T,000,000 

RZ 
50 

IOW 

M 

CRI 
IN400I 

CR2 
IN* 001 

fig. 3. The filament regulator circuit uses a pair of 1N4001s 
to meet the 1.4 volt bias requirements. 

by more than 40 volts. Therefore, I recommend that 
the input regulator be set to produce approximately 
130 volts at the input of U2 (approximately + 5 volts 
to the transistors). CR2 is a 40-volt zener diode that 
protects U2 if the input regulator circuit fails. Note 
that a simple voltage divider, consisting of R6 and R7, 
provides approximately + 45 volts for the receiver and 
transmitter. 
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The + 1.4 volt filament regulator board consists of 
a series dropping resistor (two 50-ohm, 10-watt 
resistors in parallel), two 1N4001 diodes shunted to 
ground, and a filter capacitor. Although there are alter-
natives that will provide +1.4 volts for the filaments, 
this circuit is especially simple. 

The two N cells are another way to provide needed 
voltage — in this case, the bias voltage for the receiver 

FAIR RADIO S A L E S CO. 
INVERTER I P/N 322-1091-004) 

Except as indicated, decimal 
values ot capacitance are In micro-
farads (^fli othart are In picofar-
ads tpFt; resistances are in ohms, k • 1,000 M t.000,000 

fig. 4. The inverter module, available from Fair Radio 
Sales, requires a +24 volt source of power. 

audio amplifier. The N cells are mounted inside a stan-
dard 9-volt battery holder and secured to the battery 
holder with nylon ties. The battery holder is then 
mounted on the filament regulator board. Transistors 
Q1 and 02 are mounted on the top of the battery box. 
Their placement is not critical; almost any convenient 
location on the battery box will probably work satisfac-
torily. The transformer is mounted inside the battery 
box on either the left or right side. The filament 
regulator board is also mounted inside the battery box 
on the side opposite the transformer. Connections 
from the power supply to the radio set are made with 
hookup wire wrapped around and soldered to the pins 
on the rear panel of the radio set. Heat-shrink tubing 
is then placed over these connections. In addition, a 
power cable was fabricated using a Radio Shack two-
pin plug and matching jack (P/N 274-201 and 274-202), 
12-gauge wire, and battery clips (Radio Shack P/N 
270-344). Figure 6 shows the power supply mounted 
in the battery box with the power cable attached. The 
dimensions of the filament regulator board are 1 inch 

table 1. Alignment procedure. 

VTVM channel 
2-volt scale, -Depos i t ion 1-6 

(Insert the probe into 
pin 3 of the test socket.) 

10-volt scale, + DC position 1-6 
(Insert probe into 
pin 4 of test socket. 
Press PTT (push-to-talk) 
switch on handset.) 

adjust indication 
C3-C8 maximum 
C29-C34 - 1 volt 

C19-C24 zero indication between 
positive and negative peaks 

fig. S. An inverter can be easily built around two LM317 ICs. 
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fig. 6. The complete radio set, shown with power supply 
and cable, measures 3 x 4.75 x 10.34 inches (7.62 x 12.07 x 
26.26 cm). 

(25.4 mm) by 2 inches (50.8 mm). The set's power re-
quirements are as follows: 

receiver: + 1.5 volts, 550 mA; 
+ 45 volts, 12 mA; 
+ 90 volts, 30 mA; 
- 3 volts bias 

transmitter: + 1.5 volts, 850 mA; 
+ 45 volts, 8 mA; 
+ 90 volts, 30 mA. 

alignment 

The alignment procedure for the radio set is easy 
and does not require elaborate test equipment. A 
VTVM and a 5/32-inch color TV tuning wand are 
necessary. 

First remove the battery box from the rear of the 
radio set. Then remove the cover from the receiver-
transmitter chassis. Apply +90, +45, +1.5, and 
- 3 . 0 volts to the radio set. (Don't forget to connect 
a dummy load to the antenna connector on the front 
panel.) Install the appropriate crystals for the desired 
operating frequencies. Set the OFF/QUIET/LOUD 
switch to either the QUIET or LOUD position. Figure 
7 shows the radio set adjustment locations. Figure 8 
shows the major component locations. Table 1 iden-
tifies the controls and proper indications to be observ-
ed during the alignment procedure. 

obtaining materials 

The primary source of the CRT-1/CPRC-26 Radio 
Set is Fair Radio Sales Co., 1016 East Eureka, Box 
1105, Lima, Ohio 45802-1105. Their 1984 catalog price 
for the radio set — described as "used" — is $12.95. 
(The "used" radio set we bought appeared to be in 

fig. 7. Alignment proceeds smoothly with easy access to the 
adjustable components. 

fig. 8. Exposed view of radio set with cover removed shows 
the location of the major components. 
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table 2. Spare module color codes and availability. 

availability 
module name color (19S4) 

RF amplifier black no 
mixer brown no 
IF amplifier orange yes 
limiter yellow no 
audio discriminator light green no 
audio amplifier dark green yes 
crystal oscillator red yes* 
AFC amplifier dark blue no 
AFC discriminator light green no 
mo coil white no 
modulator grey yes 
transformers light blue no 
•"RF oscillator" is stamped on iho module housing. 

like-new condition.) The handset is also available at 
$8.95 and the schematic at $1.50. Fair Radio also sells 
spare modules at $1.50 each or 10 for $10 (you mix 
and match them). The inverter module is available 
from Fair Radio Sales for $9.95. Table 2 shows the 
color codes for the various spare modules and whether 
they were available from Fair Radio in 1984. 

Crystals for the radio set are normally CR-52A/U 
types that are not currently sold by Fair Radio. We 
were fortunate to obtain a complete CK-6/PRC-6 
quartz crystal unit set for an AN/PRC-6 that saved us 
the expense of buying individual crystals. (This crystal 

pack occasionally shows up at flea markets.) However, 
third overtone crystals (Type EX, available from Inter-
national Crystal Manufacturing) should also work, 
although we haven't tried them. 

operation 
After installing the power supply, connect +13.8 

volts to the battery box rear connection, an antenna 
to the front panel mounted BNC connector, and the 
handset to the audio connector on the front panel. Set 
the OFF/QUIET/LOUD switch to either QUIET or 
LOUD. (Note that there is no deviation or microphone 
gain control on the radio set.) Because most of your 
contacts will probably be with stations operating 
narrowband equipment, back away from the micro-
phone element on the handset when transmitting; this 
will help to minimize over-deviation. 

Any antenna — from a quarter-wave whip to a 
multi-element Yagi or quad — can be used with this 
radio set. Although the 300 milliwatt output is 
definitely in the QRP category, a decent base station 
or mobile antenna will provide this little rig with a 
reasonable line-of-sight range. 
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POCKET SIZE FAST CHARGER 
Fast charge your hand held radio battery 
packs to full capacity in as little as 45 
minutes. Example: Fully charge l-COM 
BP-3 in 30 to 45 minutes. 
VERSATILE - Works on 115V. A.C. or 12V. to 24V. 
D.C. and turns itself off automatically when battery 
reachfes full capacity. Use at home or in auto, 
airplane, boat, R.V. or anywhere there is house 
current or 12V. to 24V. D.C. available. 
FEATURES -
1. New Hybrid Ihick film integrated circuit developed for this 
charger contains all measuring and control circuitry in a single 
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2. Small size - can be carried in your pockei. 
3. High impact molded plastic case. 
4. Reverse polarity protection built in. 
5. Inlernally fused. 
6. Full 1 year warranty. 
7. Completely solid stale circuit measures charge constantly 
and turns off automatically when cells reach full capacity. 
8. Charges al optimum rate without any perceptible healing oi 
cells. 

$65.00 Price 
Dealer inquires invited 

19780 Temescal Canyon 
Corona, Calif. 91719 
(714)734-6179 ^172 

Mail orders to: 
P.O. Box 2679 
Corona, Calif. 91718 

MICROWAVE TV ANTENNA SYSTEMS 
Freq. 2.1 to 2.7 GHz . 34 db Gain + 

COMPLETE SYSTEMS: 
(as Pictured) 

Commercial 40" 
.. Rod Style $99.95 

Parabolic 20" 
Dish Style $79.95 

COMPONENTS 
- " " Oown Converters 

(either stylej $34.95 
Power Supplies $24.95 

IFETIME LIMITED WARRANTY M ™ <« W . DC+| 
PARTS & LABOR Data Info (Plans) $ 9.95 

CALL OR WRITE FOR 
" i KITS, PARTS. OR MORE 

" INFORMATION 

LIFETIME LIMITED WARRANTY 
PARTS & LABOR 

Shipping & Handling Add SSOO 
We Repair Most Types Down 
Converters S Power Supplies 

PIHIIIPS-Tfecll 
Electronics 
P.O. BOX 3 4 7 7 2 
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(602) 947-7700 
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Dealers Wanted 

& £ K . 
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cat ion 
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XF-9B-01 LSB 2.4 kH; 8 95 90 
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XF107-E Pix/Data 40 kHz 8 67.30 
XM107-S04 FM 14 kHz 4 30.15 
Export Inquiries Inviied. Shipping S3 76 

MICROWAVE M O D U L E S V H F & UHF EQUIPMENTS 
Use your existing HF or 2M rig on oilier VHF or UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz 
12% MHz GoAsFET 
<132/435 
439-ATV 
220 MHZ 
144 MHz 

MMK1691-I37 
MM* 1296-144(3 
MMc432-28{S) 
MMc439.CH X 
MMC220-28 
MMCI44-28 

S24S 95 
MS 95 
74,95 
84.95 
69.95 
54.95 

Options: Low NF(2.0c!B man.. 1.25 OB max.),oilier bands & IF's available 

LINEAR TRANSVERTERS 
1296MHz 1 8 W output, 2M in MMII29B-I44 G 
432/435 , 10 W output. 10M In MMt432-28{Si 
144MHZ lOWOutput. lOMin MMI144-28 
Other bands S IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output 
432/435 100 W output 

50 W output 
30 W output 

144 MHz 200 W output 
100 W output 
50 W output 
30 W outpul 

All models include VOX VR switching. 
"L " models 1 or 3W drive, others 10W drive 
Shipping: FOB Concord. Mass 

A N T E N N A S 
420-450 M H z M U L T I B E A M S 
2B Element 70/MBM28 12 dBd 
48 Element WMBM48 15,7 dBd 
88 Element 70IMBM88 18.5 dBd 
144-148 M H z J -SLOTS 
8 over 8 Hoi pot D8/2M 12 3 dBtl 
a by a ven pol oo/BM vm i2 3ds<) 
10 + 10 Twist 10XY/2M 11 3 dBd 

U H F L O O P Y A G I S 
1250-1350 MHz 29 loops 1296-LY 20dBi 
1650-1750 MHZ 29 loops l691-LV20dBI 
Order LoopYacji connector extra; 

SmiI 4De (2 slsmps) lor iu» news oi ,i» your vHI & uttt t 
menl and KVfi cryst.il product requirement 

UP1296-20-L 
MML432-100 
MML432-50 
MML432-^0LS 
MML144-200-S 
MML144-IOOLS 
MML144-50-S 
MMLI44.30-LS 

S295 95 
255 95 
163 95 

439 95 
369 95 
190 96 
209 95 
37-1.95 
239 95 
149 95 
109 95 

T39-9S-

-WBSO-

199 

$39 95 
59.95 
89.95 

$03 40 
79.95 
69 95 

47,95 
57,gs 

Type N $14.95, SMAS5.95 

(617)263-2145 
S P E C T R U M 

. I N T E R N A T I O N A L , INC. 
Post Of f ice Box 1084 

mcord, M A 01742, U.S.A. 
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controlled vertical radiation 
rhombics, part 1: 

designing for high performance 

For BIG performance — 
in a BIG backyard 

— try rhombics 

Rhombics aren't for everyone. Not many Amateurs 
have sufficient space on their small city or suburban 
lots to accommodate the generous dimensions of this 
useful, efficient antenna. Mine measures 277 feet on 
each leg, and requires an area that measures 525 by 
250 feet. Yet for those who have adequate land, rhom-
bics can offer unusually high performance: the three 
wavelengths on my leg rhombic, for example, puts an 
outstanding signal into Europe on 30 meters, and 
when the 18 and 24 MHz bands are open, this antenna 
is all set to go. 

In the mid-1930's, when the rhombic antenna was 
relatively new, ARRL experimenters1 found it to be 
useful for long-distance radio communications. 
League personnel strung hundreds of feet of wire, in 
an enormous diamond configuration, through the 
Connecticut woods with astonishing results: signals 
from as far away as Australia were clearly heard. 

As a young man, I duplicated the League's efforts 
behind my home in New Jersey. After climbing many 
trees, stringing springy lengths of No. 12 copperweld 
wire among and through their innumerable branches, 

I succeeded in constructing a rhombic antenna termi-
nated in a 100-watt carborundum resistor and fed with 
a 600-ohm open-wire line. It was not until retirement 
that I was able to build other rhombics; this article, 
a result of these later experiments, describes the de-
sign of a rhombic that operates on the 160 through 
10 meter bands and offers controlled vertical radiation 
in the 40 through 10 meter bands. This feature allows 
mechanical tuning to the best operating configuration 
for any band. (Fixed rhombics are best for one fre-
quency and perform well over a 2 to 1 frequency range 
only.) 

Because this rhombic is terminated in its character-
istic impedance, it is nonresonant; its input impedance 
is essentially flat over its entire operating range. In 
steady use since the 1983 Radiosport contest — when 
I heard on 15 meters, such reports as "You're the 
only U.S. station coming through at this time," and 
"Your signal is overriding all other U.S. stations by 
10 to 15 dB" — it has performed admirably and 
presented no maintenance or durability problems. 

how does a rhombic work? 
To begin, let's consider the rhombic's horizontal 

radiation plane, realizing that a rhombic is simply four 
long-wire antennas arranged in the shape of a 
rhombus or "diamond." By terminating the rhombic 
in its characteristic impedance (with a noninductive 
resistance), a unidirectional lobing pattern is obtained 
in the direction of the terminated end; (see fig. 1). The 

By Henry G. Elvvell, Jr., N4UH, Route 2, 
Box 20G, Cleveland, North Carolina 27013 
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fig. 1. Unidirectional lobing pattern of a rhombic antenna 
is generated by terminating it in its characteristic im-
pedance through a dissipation line. Lobes 1, 2, 3. and 4 
combine their energy when 6. the tilt angle, is equal to 
90 degrees minus 

fig. 2. Free space gain of a rhombic antenna over a half-
wave dipole for zero wave angle. 

tilt angle, 9, shown in the figure, must be adjusted to 
equal 90 degrees minus the angle <|>, between the main 
forward power lobe and the individual leg, which is 
determined by the antenna length. This ensures that 
maximum directivity is on a line bisecting the rhom-
bic as indicated. 

To obtain the correct phasing of the lobes for maxi-
mum radiation in the desired direction, the straight-
line distance, AB, between the center of the legs, must 
be one-half wavelength less than the distance ACB. 
This follows from the fact that lobe 1 is 180 degrees 
out of phase with lobe 3. By making the distance be-
tween these lobes one-half wavelength (180 degrees) 
less, lobe 1 will arrive at point B in the correct phase 
to add to the field of lobe 3, and thus increase the in-
tensity of radiation in the desired direction. A similar 
action takes place between lobes 2 and 4 on the other 
side of the rhombic. All other lobes combine to 
produce a cancellation of radiated energy in the line 

of the minor axis, CD. Correct termination of the 
antenna with approximately 800 ohms nonreactive re-
sistance produces an almost infinite front-to-back 
ratio. 

The issue of rhombic gain is a controversial one. 
Figure 2 shows gain curves from two sources: The 
ARRL Antenna Book,2 and Rhombic Antenna Design, 
by A. E. Harper.3 Both curves are free-space direc-
tivity gains of a nonresonant rhombic over that of a 
dipole and are for zero vertical angle of radiation. 
E. Bruce, the major developer of the rhombic, shows 
some actual experimental data in his August, 1931, 
article in the Proceedings of the Institute of Radio 
Engineers* His data shows that in comparison with 
a halfwave vertical antenna, his three wavelengths on 
a leg rhombic had a gain of 21 dB 10 percent of the 
time, to 7 dB 100 percent of the time, and 16 dB 50 
percent of the time. Put another way, the rhombic was 
always 7 dB better than the halfwave vertical, and 10 
percent of the time it was 21 dB better. That 21 dB 
relates to a power ratio of about 130; that is, a 1 kW 
output transmitter would have an effective radiated 
power of 130 kW with respect to a dipole — but only 
10 percent of the time. 

In a detailed article in the January, 1935, Proceed-
ings of the IRE* Bruce described experimental data 
showing that three and one-quarter wavelengths on 
a leg rhombic had 14 dB gain over a halfwave hori-
zontal dipole at the same height. A Yagi producing 
14 dB gain would require 12 elements — a rather large 
antenna; of course it would be capable of rotation over 
360 degrees. 

design 
For optimum performance, a rhombic antenna 

should be designed for one frequency or a very small 
band of frequencies, the pattern for which is best 
suited to the propagation conditions of the radio cir-
cuit. Usually about all that a designer attempts to com-
pute about this system is the characteristics of the 
main lobe. The enormous labor of computation quickly 
discourages analysis of a rhombic's complete radia-
tion characteristics. Charts have been provided to 
assist in suitable designs as shown in the ARRL 
Antenna Book, or Laport's Radio Antenna Engineer-
ing, figure 3.81.® By careful design (and acceptance 
of less than optimum performance) a rhombic antenna 
may be made to operate over an almost 3 to 1 frequen-
cy range. This means that a fixed rhombic could oper-
ate from 3 to 9 MHz, or from 7 to 21 MHz, or over 
any similar frequency range. It will be shown later that 
a Controlled Vertical Radiation (CVR) rhombic can 
operate well from its lowest design frequency to as 
high as practical before beamwidth becomes too nar-
row for normal use. 

To properly analyze a rhombic over a range of fre-
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quencies and desired vertical angle of radiation, it is 
necessary to have a method for observing quickly the 
effects of varying any single parameter in relation to 
all the others. These parameters are the antenna height 
above ground, the length of the legs, and the included 
angle between the legs, called the tilt angle (see fig. 3). 

The length and tilt angle (fig. 3A) are actual dimen-
sions of the antenna proper and affect the free-space 
pattern. The height of the antenna, however, affects 
the directional characteristics only through what is 
called "ground reflection." In fig. 3B, part of the 
radiated power goes directly from the antenna at the 
vertical angle of radiation, delta. The rest of the 
radiated power is directed toward the ground at the 
same angle. If the ground is assumed a perfect reflec-
tor, the wave that is directed toward the ground will 
be reflected, undiminished in strength in the same 
direction as the original directly radiated wave. If the 
ground reflected wave arrives at a distant point (your 
QTH, for example) in phase with the direct (sky) wave, 
it will reinforce the received signal (voltage). If, how-
ever, it arrives exactly 180 degrees out of phase, it will 
completely cancel it. 

In the practical case, neither the maximum of 6 dB 
reinforcement nor the complete cancellation ever 
occurs, since the ground is never a perfect reflector. 
Also, the reflected wave rarely reaches the unreflected 
wave exactly in phase or exactly out of phase unless 
the antenna is being used at a frequency exactly that 
of the design frequency. The effects of the ground re-
flection will be treated separately from those due to 
antenna length and tilt angle. 

A computer can be used to observe the effect of 
changing certain parameters. However, it is much 
easier to see such changes by means of a graphical 
method Donald Foster described in the October, 1937 
issue of the Proceedings of the IRE. "If the direction 
of zero and maxima of K 2 (the radiation function) are 
plotted on a spherical blackboard with the rhombus 
at the center, they consist of a coaxial system of small 
circles, of alternating maxima and zero ... around one 
arm of the antenna as an axis, and an identical system 
of circles around the other arm of the antenna. The 
angle between the axis of the circles is the angle 2A 
(see fig. 3A) of the rhombus. This pattern on the 
sphere is ideally suited to representation on the plane 
by means of the sterographic projection."7 

While his method probably sounds complicated, it 
actually summarizes a very simple and easily grasped 
idea of what happens as the parameters are changed. 
Antenna enthusiasts will recognize the "zero and 
maxima of K 2 " as the first null and main lobe of the 
antenna field intensity graph of "Angle with Respect 
to Wire Axis vs Length of Wire in Wavelength" shown 
in figure 15 in the second chapter of the ARRL 
Antenna Book. 

Without going into the mathematics of their con-
struction, the following discussion will help you to 
make your own stereographic representation. 

construction of stereographic overlays 
The free-space pattern charts are made by the use 

of fig. 4, which shows the angles of the maxima and 
nulls in long wires. This is the same as figure 15 of 
chapter 2 of the ARRL Antenna Book, but shows up 
to the 8th maxima and null instead of just the first. 

Step 1. Draw a 6-inch diameter circle and place 
perpendicular vertical and horizontal lines through its 
center; refer to fig. 5. 
Step 2. Lay out 0 to ± 90 degree tick marks around 
the periphery of the circle counterclockwise and clock-
wise from the right horizontal line intersection of the 
circle. 
Step 3. From the - 9 0 degree position on the 
perimeter of the circle, draw straight lines to 0, ...,80, 
90 degrees and label the points where they intersect 
the horizontal line as 0, 10, ..., 70, 80 degrees. For 
ease of viewing fig. 5, only the 20, 50, and 70 degree 
lines are shown. 

The labeled points represent the vertical angle of 

March 1985 OS 103 



radiation of the rhombic. It will be necessary for future 
work to have this as an overlay for a scale for deter-
mining the vertical angle of fire of other rhombic 
designs. 
Step 4. Determine the number of wavelengths to be 
analyzed (2 wavelengths, for example). 
Step 5. Using fig. 4, draw a vertical line up from the 
2 wavelength point to the curve. Read off the indicated 
value. 
Step 6. Tabulate the angle of maxima and nulls from 
Step 5; maxima at 36 and 75 degrees, nulls at 60 and 
90 degrees. 

Step 7. Place a mark on the circle perimeter at ± 36 
degrees. Draw a dotted circle through those two 
points and the 36 degree point on the horizontal line. 
The center of that radius must lie on the horizontal 
line extended to the right of the circle. That dotted 
line represents the first maximum of a radiating wire 
two wavelengths long. Repeat for ±75 degrees, which 
represents the second maximum. Repeat the same 
two angles from the left side of the chart, which repre-
sent the reverse direction of fire. 
Step 8. Place marks at ± 60 and 90 degrees and draw 
solid-line curves, which represent the first and second 
nulls respectively. Repeat for the reverse direction. 

You now have a one-leg pattern of a two-
wavelength long rhombic. You will need two of them 
for analysis, as will be explained. 

A ground reflection overlay is also needed and is 
made as follows. 
Step 1. Draw a 6-inch diameter circle with a perpen-
dicular horizontal and vertical line through its center; 
see fig. 6. 
Step 2. Determine the number of wavelengths above 
ground the antenna is to be placed (one wavelength, 
for example). 
Step 3. Using fig. 7,8 tabulate the null and maximum 
vertical angles of radiation for the chosen height. For 
one wavelength (360 degrees) we have 15 degrees, 
48 degrees maximum and a 30 degree null. 
Step 4. Place the scale for determining the vertical 
angle of fire of the rhombic under the 6-inch circle and 
place a mark on the horizontal line at the 15 degree, 
48 degree, and 30 degree vertical angle of fire points. 
Step 5. Draw dotted-line circles through the 15 and 
48 degree marks using the center of the 6-inch circle 
so as to produce concentric circles. Draw a solid-line 
circle through the 30-degree line in the same manner. 
The dotted circles represent the first and second 
maxima, and the solid line represents the first null. 

The three stereographic maps are all that are re-
quired to design a two wavelength on a leg rhombic 
mounted one wavelength above the ground. All other 
maps are made the same way for different leg lengths 
and heights. 

During World War II Richard Bluhm, W2KXD, 
adapted Foster's graphical method to make it practi-
cal for use by the average person. In an unpublished 
paper9 written in 1944, he provided a means of rapidly 
designing horizontal rhombic antennas using Foster's 
stereographic overlays. Even though the data obtained 
by his method is not precise, results obtained during 
wartime erection of rhombics by the military bear out 
mathematical calculations with excellent accuracy. 

The design of my rhombic is based on W2KXD's 
method. In discussions with him, we both felt that his 
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stereographic charts (almost 50 in number) should be 
available to Amateurs interested in designing and con-
structing rhombics.* 

Figure 5 is the stereographic representation of the 
free-space radiation function of one leg of a rhombic 
antenna. The length of this leg is two wavelengths. 
Let's review it for emphasis. Looking from right to left 
on f ig. 5, there is first a dotted line, then a solid line, 
then a dotted line and so forth. The dotted curves 
represent the maxima circles described by Foster. The 
solid curves represent the zero circles. A drawing iden-
tical to f ig. 5 is then superimposed on the drawing 
shown in f ig. 5. Each represents the radiation func-
tion of a two-wavelength leg of a rhombic antenna. 

Suppose it is desired to have a tilt angle of 70 de-
grees. From f ig. 3A we can calculate 2A = 40 
degrees. By rotating the superimposed drawings so 
that a 40 degree angle is realized between the axes 
of the two legs, we obtain the actual free-space 
radiation pattern of a rhombic antenna with two 
wavelength legs, and a tilt angle of 70 degrees; see 
f ig. 8. 

By studying f ig. 8, it can be seen that the first 
dotted lines of the two drawings intersect at point X; 
that is the main lobe. Next, consider the first dotted 
line of the lower leg and note that it intersects the 
second dotted line of the upper leg at point Y. The 
second dotted line of the lower leg intersects the first 
dotted line of the upper leg at point Z. Other points 
of intersection are at points A, B, C, D, E, F, and G 
as shown in f ig. 8. These intersection points of the 
dotted circles represent points of maximum radiation, 
or lobes, of the antenna. 

A line drawn from the center of the figure through 
point X is extended to the edge of the great circle. This 
line is now called "the axis of the antenna," and is 
the line in which the strongest lobe of the rhombic lies. 
The strongest, or main lobe of a rhombic will always 
fall exactly midway between the two legs of the anten-
na if it is designed correctly. 

The next step is to number the dotted curves at the 
periphery of the circle for ease of handling. The 
dotted lines of the upper leg are numbered 1, 2,3, and 
4, starting with the lower end of the first dotted line 
and going clockwise. The dotted lines of the lower leg 
are also numbered 1, 2, 3, and 4, but starting at 
the upper end of the first dotted line, and going 
counterclockwise. 

When a Number 1 curve intersects another Number 
1 curve, the resulting point is that of maximum radia-
tion of the antenna. Other intersection points, called 
minor lobes, do not reach the level of the (1,1) inter-
section point. For instance, (refer to table 1), a 

"A complete set of approximately 50 8% by 11 inch overlays may be ob-

tained f rom the author. These overlays are in photocopied form and will have 
to be made into transparencies for actual use. - Editor. 

Number 1 dotted curve intersecting a Number 2 dotted 
curve, points Y and Z on f ig. 8, gives a lobe which 
is 10.6 dB lower in level than a (1,1) intersection. A 
(2,2) intersection point A on f ig. 8 is 21.1 dB lower 

fig. 6. Ground interference pattern; antenna height one 
wavelength. 

HEIGHT ABOVE GROUND (DEGREES) 

fig. 7. Vertical radiation angle vs. maximum and null 
angles for various antenna heights in electrical degrees. 
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table 1. Decibel differences between main lobe and subsequent minor lobes on rhombic antennas. 

rhombic radiation lobes 
1 2 3 4 S 6 7 8 9 10 11 

1 0 
2 10.6 21.1 
3 15.1 25.6 30.10 
4 18.0 28.6 33.10 36.0 
5 20.2 30.8 35.25 38.2 40.40 
6 21.9 32.5 37.00 40.0 42.10 43.9 
7 23.4 34.0 38.50 41.1 43.60 45.3 46.8 
8 24.6 35.2 39.70 42.6 44.80 46.6 48.0 49.3 
9 25.7 36.3 40.80 43.7 45.90 47.7 49.1 50.4 51.4 

10 26.7 37.3 41.75 44.7 46.90 48.6 50.1 51.3 52.4 53.40 
11 27.6 39.2 42.60 45.6 47.75 49.5 51.0 52.2 53.3 54.25 55.1 

power difference (dB) 

fig. 8. Free space pattern, two-wavelength. Note: the 
horizontal and vertical lines are for reference to the 
antenna plane only and are not seen in the overlays. 

in level than the (1,1) intersection. The (4,4) intersec-
tion, point G is 36 dB lower, and so forth. 

As the number of wavelengths on a leg increases, 
the number of dotted curves increases. For a compos-
ite overlay of two ten-wavelength legs, there will be 
twenty dotted curves per leg. Table 1 gives levels only 
up to the eleventh curve since the minor lobes beyond 
this point are so weak in comparison to the main lobe 
as to be negligible. If at any time a solid curve inter-
sects two dotted curves at or near their intersection, 
the lobe made by these curves intersecting will be 
cancelled or considerably reduced. That holds true in 
all cases. For instance, the (1,2) intersections, or the 
Y and Z points in fig. 8, are very close to the outside 
circle, which represents the horizon. Since these two 
lobes are depressed to just above the horizon, they 
may be considered as absorbed by surrounding hills 
or buildings, so that they will be of little use. 

To find the vertical angle of fire of each of the lobes, 
fig. 9 is superimposed on the drawings. Figure 9 is 
the scale used for determining the vertical angle of fire 
for the various lobes of the rhombic antenna. When 
fig. 9 is placed coincident with fig. 8 (all figures are 
transparent), the main lobe, point X, will be at a 30 
degree vertical angle of fire. Points Y and Z have about 
5 degree vertical angle of fire, which is too low to be 
usable except at the higher frequencies. Point A has 
about a 73 degree angle, points B and C about 90 de-
grees, and so forth. 

The great thing about this stereographic method of 
analysis is that angle 2A between the two legs can be 
easily changed. As the angle is made greater, the two 
legs move apart, the main intersection travels out 
toward the horizon, and the vertical angle of radiation 
becomes less. Angle 2A can be increased until the in-
tersection of the number one dotted curve reaches the 
horizon with a vertical radiation angle of 0 degrees. 
Further separation between the two legs causes the 
main lobe to split into two lobes. Although not ob-

vious, the two split lobes are excessively sharp hori-
zontally; yet despite this sharpness, the gain must 
necessarily be very low. Some of the minor lobes will 
have magnitudes as great or perhaps greater than the 
main lobe. The energy of the system is leaking out 
through other lobes in other directions rather than 
being concentrated in the main lobe. It might be diffi-
cult to discover this situation by arithmetical computa-
tions, but it is quicky observed by using stereographic 
charts. For a fixed rhombic beam, the upper frequency 
use is limited at the point at which the beam splits. 

ground reflection effects 
We must now consider the ground reflection or 

106 ESD March 1985 



ground interference effects on the free-space pattern 
of the two wavelength rhombic discussed above. To 
keep it simple, an antenna height of one-half wave-
length will be used; it has only one reflection agent. 
Figure 10 shows the ground pattern, which is the 
dotted circle, for one-half wavelength high antenna 
superimposed on fig. 8. Dotted lines represent an in-

phase reflection reaching the antenna, whereas solid 
lines represent cancellation. The one-half wavelength 
height has no out-of-phase reflection radiation. 

Note that the dotted circle intersects the free space 
antenna pattern exactly at point X, which is the main 
lobe point. (This happened only because the problem 
was done before writing this article, of course). That 
means the in-phase reflection has arrived to reinforce 
the main lobe. As noted previously, an additional 6-dB 
reinforcement of the main lobe has occurred. Points 
Y and Z of fig. 10 are quite distant from the dotted 
circle and therefore are not reinforced. That means the 
main lobe has now increased to 16.6 dB instead of only 
10.6 dB stronger than the next two strongest lobes 
(Y and Z) merely by choosing the correct antenna 
height. 

Point A, the next strongest lobe, has not been rein-
forced by ground reflection and consequently has also 
been reduced with reference to the main lobe. Points 
B, C, E, F, and G are relatively close, however, to the 
reflection circle. While they will not be reinforced by 
6 dB, since they are not exactly on the reflection circle, 
they have been reinforced by perhaps 4 dB so they 
have only decreased by a matter of, say, 2 dB with 
respect to the main iobe. 

The wavelength height of the antenna may be raised 
by using higher towers for a given frequency or by in-
creasing to a higher frequency with fixed antenna 
height. As the wavelength height of the antenna is 
raised, the number of reflection circles increases, and 
a number of solid lines representing ground interfer-
ence appears on the stereographic overlays. For ex-
ample, at a height of one wavelength, two reflection 
circles separated by an interference solid-line circle ap-
pear. At two wavelengths, there are four reflecting 
dotted circles and three interference circles. Different 
ground interference pattern overlays are therefore 
required. 

design of 20-meter rhombic 
Now we have an idea of what the use of the overlays 

can do for us in designing rhombics. Let's apply that 
information to the design of a rhombic for use on the 
20-meter band. We want it to be four wavelengths on 
a leg and have it one wavelength high. The problem 
is to determine the best tilt angle for these conditions. 
Note that this is not the proper way to start a rhombic 
antenna design. The proper way is to first determine 
the radio circuit path desired, and therefore the desired 
vertical angle of radiation between the transmitting and 
receiving stations; review reference 8. Then design the 
rhombic to include that radiation angle. However, the 
stated problem will best review the use of the stereo-
graphic overlays, permitting you to do what you really 
want to do. 

Superimpose two "leg pattern — four wavelengths" 
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and one "ground interference pattern - one wave-
length." Rotate the two leg pattern overlays so that 
their (1,1) curves intersect at the outermost dotted 
circle of the ground interference chart. Measuring the 
angle between the two legs, we find it to be 42-1/2 
degrees, which is the angle 2A of fig. 3A. The tilt 
angle, 8, will be calculated to be 68-3/4 degrees. If 
the scale for determining the vertical angle of fire, 
fig. 9, is placed on the other charts, it shows the verti-
cal angle of radiation for our rhombic to be 14 degrees. 
Figure 11 shows the resulting composite of the 
overlays, first maxima only. 

All the essential design factors of the rhombic have 
been found. They are: leg length = four wavelengths; 
height = one wavelength, tilt angle = 68-3/4 
degrees, angle of fire = 14 degrees. The relative 
strength of the minor lobes and the front-to-back ratio 
can be found by referring to table 1. The front-to-back 
ratio in this case is about 51 dB. This is found by deter-
mining the intersection of the last two dotted curves 

"which lie on the line extending in back of the main 
lobe. These will always be the dotted curves nearest 
the left-hand edge of the solid circle of the leg pat-
terns (not shown in fig. 11). In this case they are the 
Number 8 curves counting from right to left on the 
leg patterns. Referring to table 1, the lobes produced 
by the intersection of the Number 8 curves or (8,8) 
point is 49.3 dB weaker than the main or (1,1) lobe. 
The main lobe has a ground reinforcement of 6 dB. 
Because the ground reflection pattern does not pass 

directly through the (8,8) lobe, but only near it, a 
ground reflection of about 4 dB will accrue. The dif-
ference between these two reinforcements is thus 2 
dB, which further increases the front-to-back radio to 
51.3 dB. In round numbers, this is about 51 dB. The 
vertical angle of radiation of the (8,8) lobe is about 22 
degrees. 

Note that there is a (7,7) rear lobe falling exactly on 
the second ground reflection circle. However, the ver-
tical angle of radiation is about 48 degrees, which will 
probably be lost into space at 14 MHz. 

determination of vertical 
and horizontal radiation patterns 

Figure 12 duplicates fig. 8, but with many lines 
eliminated to make the figure less "busy." Radial lines 
have been drawn from the center of the figure through 
each lobe point and extended a distance beyond the 
horizon circle. Starting at the axis of the antenna, the 
angle between the lobes is measured and recorded. 
These radial lines at the recorded angles are then 
reproduced on polar coordinate paper; see fig. 13. The 
radial lines at their correct angular displacement from 
the axis of the antenna are marked with their cor-
responding dotted line intersections. That is, the axis 
of the antenna will be marked with (1,1) and (2,2) 
because the Number 1 dotted curves and the Number 
2 dotted curves have their intersections on that line. 
The other lines are similarly marked. 

Next the ground interference pattern for an anten-
na height of one-half wavelength as shown in fig. 10 
is examined and the strength of all lobes as previous-
ly discussed (table 1), are tabulated. They are: 

(1,1) = 0 dB (3,3) = -30 .1 dB 
(2.1) = -16 .6 dB (4,3) = -35 .1 dB 
(2.2) = -21.1 dB (4,4) = -38 .0 dB 
(3,2) = -27 .6 dB 

The scale on the polar coordinate paper is then laid 
out from 0 dB through 50 dB in 10-dB increments; see 
fig. 13, and the lobes are plotted with reference to 
these circles. 

This is only a relative pattern because it does not 
take into account the effect on the pattern of the dif-
ferent vertical angles of fire. For instance, the (2,1) 
lobes are greatly attenuated because of their low angle 
of fire, resulting in absorption by surrounding hills or 
buildings if in the vicinity of the antenna. However, 
the pattern does show the relative strengths of the 
peaks of the lobes in the horizontal plane and should 
prove very useful. 

The determination of the strengths of the lobes at 
any point on, with the exception of the peak, is not 
readily determined through the use of the stereo-
graphic projection. The horizontal angle covered by 
the major lobe may be roughly found by drawing a 
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circle with the center at the (1,1) intersection, (or at 
the center of the spherical triangle formed by the in-
tersection of Number 1 curve and the ground inter-
ference circle, depending on whether all three curves 
intersect in one point or not) and a radius equal to one-
half the distance between the intersection (or spherical 
triangle) and the nearest solid null curve. Lines tangent 
to this small circle drawn from the center of the large 
circle will form an angle which is a rough estimate of 
the usable horizontal beam width. On fig. 8, the small 
shaded circle is the circle mentioned above. The beam-
widths of the minor lobes are not readily obtainable, 
but this should not prove objectionable since the major 
lobe is the only one which is used in most of the cases. 

The vertical plane diagram is constructed in a similar 
manner as the horizontal pattern, except that fig. 9 
is used to determine the vertical angles. These are: 

(1,1) = 29 degrees (3,3) = 75 degrees 
(2.1) = 7 degrees (4,3) = 27 degrees 
(2.2) = 75 degrees (4,4) = 30 degrees 
(3,2) = 35 degrees 

This gives some interesting results. Above about 
7 MHz the (2,2) and (3,3) lobes may be considered use-
less since they will penetrate the ionosphere at such 
high angles. As previously stated, the (2,1) lobes are 
radiated at such a low angle as to be useless on all 
but extremely local signals or at extremely high 
frequencies. 

Returning to the vertical plane pattern, radial lines 

are again laid out, only this time the vertical angles 
of fire are used in place of the horizontal radiation 
angles. All those lobes falling to the left of the center 
of the circle are plotted to the left and all those falling 
to the right are plotted to the right. Those falling to 
the left will be (3,3), (4,3), (3,2) and (4,4). Those 
falling to the right will be (1,1), (2,1) (3,2) and (2,2). 
Since the (3,2) lobes fall exactly on the center line of 
the circle, see fig. 8, (axis of the antenna being 
horizontal) one will be plotted to the left, and one to 
the right. This is not a strictly accurate geometrical 
layout of the pattern but will suffice since the deter-
mination of the relative strengths of the lobes in the 
vertical plane is all that is desired. The levels deter-
mined for the horizontal plane pattern may be used, 
without change, for the vertical plane pattern. The 
complete vertical plane pattern is shown in fig. 14. 

Through the use of different height curves, leg 
length curves, and tilt angles, unwanted lobes may be 
eliminated or effectively reduced and desired lobes 
may be reinforced. The use of leg lengths longer than 
eight or ten wavelengths is inadvisable because of the 
subsequent reduction in width and height of the 
radiated lobes. A reduction of this sort is conducive 
to fading and makes the aiming of the antenna ex-
tremely critical. 

A compass rose may be superimposed on the draw-
ing as an aid in determining the angle between the legs 
of the antenna and the angles between the main lobe 
and the minor lobes. The use of an angle between the 

110 B I March 1985 



table 2. Beamwidth as a function of leg length. Beamwidth is the point where power is 3 dB down from the maximum 
power point. 

number D X C C countries within beamwidth 
leg beamwidth forward direction reverse direction 

wavelength (degrees) (from North Carolina) 

1 30 84 4 
2 25 77 4 
4 17 63 4 
6 10 43 4 
8 8 40 4 

10 6 35 3 

fig. 14. Vertical plane patternfortwo-wavelength rhombic 
antenna. $ = 70; antenna height = one-half wavelength. 

legs, such that the two Number 1 curves do not inter-
sect, should be avoided, because this will effectively 
eliminate the major lobes, which is the most effective 
source of power from the rhombic antenna. 

multiband operation 
One of the most useful features of a rhombic an-

tenna, as previously mentioned, is its ability to operate 
efficiently over a wide frequency range. The two-
wavelength rhombic illustrated in fig. 8 will be used 
as an example. Suppose it is desired to operate this 
antenna on 4 MHz. Its legs will then be two wave-
lengths long and its height will be one-half wavelength. 
On 4 MHz, using the formulas of fig. 3, two 
wavelength legs will be 485 feet long, and the height 
of the antenna will be 123 feet. Now, if the operating 
frequency is made 8 MHz, the length of the legs will 
be four wavelengths long at this frequency, and the 
antenna height will be one wavelength. Suitable over-
lays for the leg length and antenna height for this fre-
quency are now set up, retaining the 70 degree tilt 
angle previously used. The major lobe will now be 
found to have an angle of fire equal to 15 degrees 

which is approximately the optimum angle of fire for 
8 MHz. The horizontal azimuthal angle covered by the 
major lobe has now been reduced to 17 degrees in-
stead of the original 25 degrees. The antenna will work 
practically as well, therefore, on 8 MHz, as it does on 
4 MHz. The only change worth noting is the reduc-
tion of the beamwidth, since the 15 degree angle of 
fire is about optimum for 8 MHz, as is the 30 degree 
angle for 4 MHz. 

Suppose the frequency were now increased to 12 
MHz. The legs will now be six wavelengths long and 
the height will be one and one-half wavelengths. The 
pattern is again set using the appropriate overlays. It 
will be noted that the two (1,1) curves, depressed to 
the horizon, form a spherical triangle with the first 
ground interference circle. While this materially 
reduces the strength of the major lobe, it is still usable. 
The angle of fire is taken from the center of 
the spherical triangle and is found to be about 7 
degrees. While this is rather low for 12 MHz, it will 
work fairly well in locations where the antenna is well 
out in the clear and away from any trees or buildings. 
This rhombic antenna, therefore, may be said to be 
extremely effective over a 2 to 1 frequency range 
(4 - 8 MHz) and fairly effective over a 3 to 1 frequency 
range (4 -12 MHzl. It would work over any 3 to 1 fre-
quency range, 6 to 18 MHz, 8 to 24 MHz, or any similar 
range. Of course appropriate leg lengths and heights 
would have to be used for two wavelength legs and 
one-half wavelength for the lowest frequency. 

beamwidth 
The beamwidth of a rhombic is generally a function 

of the leg length. Table 2 indicates beamwidth 
versus leg length. Beamwidth is defined as the angle 
where a 3 dB loss has occurred from the maximum 
power point. From Salisbury, North Carolina, with the 
rhombic pointed at approximately 47 degrees from 
north, which is the bearing for London, England, many 
countries can be worked as shown in table 2. 

By switching the feedpoint to the rhombic including 
the terminating resistor, to the opposite end of the 
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fig. 15. A controlled vertical radiation (CVR) rhombic antenna showing extremes between lowest frequency use (solid lines) 
and highest frequency use (dotted lines.). 

rhombic, its direction of fire will be reversed 180 
degrees. Table 2 also shows the number of DXCC 
countries workable within the stated beamwidths in 
the reverse direction — not very many. It is, however, 
a "pipeline" through Mexico, Pitcairn Island, Clipper-
ton, and MacQuarie. With a rhombic on Japan, South 
America should be blanketed in the reverse direction. 
Unless you are interested in a particular point-to-point 
radio path, rhombics longer than 10 wavelenths are 
too narrow for general use. 

controlled vertical 
radiation rhombic 

Now that you know how to design a rhombic anten-
na, let's move on to a more specific aspect of design, 
the controlled vertical radiation (CVR) rhombic. Bruce 
and Beck, in the April, 1935 Proceedings of the IRE10 

described experiments made with a steerable rhombic 
during reception of transoceanic shortwave signals. 
The first and last I'd read about it in Amateur Radio 
was an article in April, 1937, issue of QS7"." In this 
account, W6AUX and W7CNX reported on their 
operation of a CVR rhombic in the 20-meter band. 
While not claiming anything new, I am expanding the 
CVR principle to provide a rhombic that can operate 
at a design efficiency anyplace in the Amateur bands 
with a limitation only on the minimum acceptable 
beamwidth. 

A CVR rhombic is simply a rhombic whose shape 
may be changed by physical means; see fig. 15. By 
having pulleys on the side towers and one end tower, 

^ 64 66 68 TO 71 rt 76 7S SO »* « «6 «S SO 
HALF OF SIDE INTERIOR ANGLE (TILT ANGLE, DEGREES) 

fig. 16. Change of vertical angle of radiation with change 
of tilt angle for various operating frequencies. (By 
E. Bruce in 193S.) 

the tilt angle of the rhombic may be changed and set 
to any desired number of degrees. 

Let's see what Bruce and Beck say about that. They 
were studying rapid fading in radio circuits, and the 
possible cause being the interaction of different 
components of a radio signal having different trans-
mission times. Their past observations had indicated 
that fading was affected by the directivity of the re-
ceiving antenna. Tests in 1934 had shown that a 
greater degree of angular spread between multiple 
path waves exist in the incident vertical plane than in 
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the horizontal plane. So they devised a rhombic of the 
type of fig. 15 and ran extensive tests. Their article 
concludes, " I t is believed that the results, discussed 
in this paper, demonstrate that sharp angular dis-
crimination is a basically sound method of combating 
selective fading." 

Of greater interest to Amateurs is not the minimizing 
of fading, but the fact Bruce's and Beck's tests 
showed that the vertical angle of radiation from a 
rhombic can be varied 12 to 14 degrees for a given 
frequency. While it's possible to do that with a Yagi 
antenna by raising and lowering its tower, how many 
hams would want to do that? The compromise — a 
good one — is to have a high Yagi for long-haul or 
band-opening contacts, and a low one for staying 
within the skip zone into Europe when the band is wide 
open. However, we're talking about a rhombic with 
superior gain over a Yagi when the rhombic is 
operating at its peak. 

Figure 16 is a copy of the Bruce/Beck curve 
showing steerability, at several wavelengths, of the 
horizontal rhombic antenna used for fading reduction 
studies. We can call it the vertical radiation angle ver-
sus the rhombic tilt angle. Think about setting your 
rhombic on 20 meters for a 7 degree vertical angle of 
radiation as sunrise approaches to get real long haul 
or early band openings, and then as the day continues, 
changing the radiation angle to 12 degrees or more 
to put a commanding signal into Europe when the 
band is fully opened. When motorized, it would be 
possible to tune the antenna for maximum received 
signal strength from the desired location. 

In the 1937 <2S7"article, using the same idea, Moore 
and Johnson concluded the following: 

1. That there is an optimum angle in the vertical plane 
for transmission as well as reception. 
2. That the optimum angle for transmission and recep-
tion are close together although not necessarily 
coincident. 
3. That there is, under normal conditions, only a very 
limited region in the vertical plane in which useful 
radiation takes place, and that energy directed into any 
other region in the vertical plane is largely wasted. 
4. That the optimum angle of transmission changes 
from time to time with changes of seasons and con-
ditions, but that there is no material change within a 
short interval of time. 
5. That controlled directivity in the vertical plane is 
relatively more important than directivity in the 
horizontal plane.'' 

Now that rotatable arrays are the accepted thing, 
the fifth claim is debatable. However, in the 1930's one 
would have assumed Bruce and Beck meant that the 
proper vertical angle of radiation to a given point is 

more important than the gain of the antenna; gain and 
directivity, at that time, seemed to have been synony-
mous. A very high gain antenna whose vertical angle 
of radiation over-shot the desired reception point 
would be a poor performer in comparison to a dipole 
whose vertical angle of radiation was such as to give 
maximum reception at the receiving point. 

From earlier discussions, we have learned that the 
vertical angle of radiation does change as we vary the 
tilt angle of the rhombic. That change is very easy to 
see with the stereographic overlays. Unfortunately for 
the earlier investigators, Foster did not publish his 
works until October, 1937.7 

We must not be left with the impression that we 
are getting something for nothing when we change 
the vertical angle of radiation by tuning the tilt angle. 
If you recall the analysis section above, you will 
remember that the tilt angle during design is adjusted 
to fall on a dotted circle of the ground interference pat-
tern to give a 6 dB boost from the ground reflected 
signal. By tuning the tilt angle during operating 
periods, that ground reinforcement deteriorates. How-
ever, this is where point five of the Moore/Johnson" 
conclusions becomes important; controlled directivi-
ty in the vertical plane is more important than gain in 
the horizontal plane. Since we can tune the tilt angle 
for maximum received signal, the law of reciprocity 
of transmitted/received signals says we are at the best 
operating conditions for the radio path in use. 

The most interesting thing about being able to 
change the configuration of the rhombic is the ability 
to tune the antenna to the operating Amateur band 
desired. It was earlier stated that a fixed rhombic can 
be made to work reasonably well over a range of fre-
quencies of 3 to 1. As the frequency gets higher, the 
vertical angle of radiation gets lower until at some fre-
quency the main lobe splits and the rhombic no longer 
has high operating performance. 

The CVR rhombic can be adjusted for peak per-
formance at any Amateur band. For example, if for 
a given arrangement, the antenna frequency is in-
creased to the lobe splitting point, it is necessary only 
to lengthen the overall configuration to raise the ver-
tical angle of radiation and bring the split lobes 
together again at the higher frequencies. 

RF feed to a rhombic 
This discussion of feeding RF to the rhombic is 

based on the understanding that the antenna will be 
terminated in its characteristic impedance. By so ter-
minating it, we can take advantage of the excellent 
front-to-back ratio that distinguishes this antenna from 
other types, as discussed earlier. The method of ter-
mination will be discussed later. 

The antenna input impedance changes with fre-
quency even when terminated. Various authorities 
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show that an impedance change occurs from as much 
as 850 ohms to 600 ohms over a frequency range of 
4 to 23 MHz. However, because of the relatively small 
percentage change, the worst SWR based on a center 
impedance of 750 ohms would be 1.25:1. So the prob-
lem boils down to getting from the transmitter output 
of 50 ohms to the antenna's 750 ohms (see fig. 17). 

It can be seen that the main transmission feeder line 
is a 600 ohm, two-wire open line, with provisions to 
feed either end of the rhombic antenna. A switching 
arrangement at the center of the antenna permits ex-
changing the RF feedline and dissipation line to allow 
remote switching of direction of fire while maintain-
ing a high front-to-back ratio in the chosen direction. 

You can get to 600 ohms from 50 ohms immediate-
ly by using a 12:1 ratio balun. Barker and Williamson 
makes a 5 kW 12:1 balun; you can also wind your own. 
Six hundred ohms for the main transmission line was 
advisable in my case because of the availability of a 
118 watt, 600-ohm type CX. The Globar Division of 
The Carborundum Company makes a non-inductive 
resistor that can be used in conjunction with the dis-
sipation line as the termination resistance. 

Impedance changes from 750 ohms to 600 ohms are 
required to get to the 600-ohm line from the two ends 
of the rhombic. A transmission line whose character-
istic impedance is gradually tapered from one value 
to another may be used as a coupling transformer pro-
viding the change in impedance along the line is suf-
ficiently gradual. 

When a tapered-line transformer with a minimum 
length is desired, the characteristic impedance must 
be tapered exponentially between the two limiting 
values. One can avoid complicated design computa-
tions by using an exponentially tapered line section at 
least one-half wavelength long at the lowest frequen-
cy to be transmitted and connecting it directly between 
the antenna and the transmission line. Such a line was 
used between the 750-ohm antenna input and the 
600-ohm main transmission line. Since I wanted to use 
the rhombic on 80 meters, a half-wave exponential line 
of 137 feet in length was constructed for each end of 
the rhombic. 

rhombic termination 
If you don't wish to reverse the direction of radia-

tion of the rhombic, a non-inductive resistor may be 
installed directly at the far end of the rhombic. The 
power rating of the resistor should be at least one-third 
of the power going into the antenna; two-thirds of the 
input power is radiated before it reaches the far end. 
For example, if the power to the antenna is 500 watts, 
key down, the terminating resistor should be able to 
dissipate about 170 watts. 

An alternative is to use a balanced lossy line of high 
dissipation rating. I used a 600-ohm dissipation line 

500' US2.4 Ml 600 OHU 
STAINLESS STEEL NO. 14 WIRE 
DISS I PAT ION LINE 

SO OHM COAX 25' (7.6 M! 

DISSIPATION LINE 

fig. 17, (A) Matching to the rhombic and changing its 
firing direction is accomplished by using a 12:1 balun. 
transmission line switch and dissipation line. IB) 
Transmission line changeover requires an effective 4 PDT 
switch. 

(No. 14 Stainless Steel wire) 500 feet long. The 
600-ohm, 118-watt non-inductive resistor terminates 
the line. As seen in fig. 17, remote controlled switch-
ing circuits permit swapping of the transmitting and 
dissipation line to permit reversing the direction of fire 
of the rhombic. 

motorized configuration changer 
Figure 15, previously referred to, is a very simplified 

picture of how to change the configuration of the 
rhombic. However, because the motorizing of the con-
figuration change by remote means was the most dif-
ficult part of the project to develop successfully, some 
guidelines may be useful. 
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The first attempt to motorize the configuration was 
done by a motor at the far end of the array with the 
weights on the side tower to maintain proper tension 
in the antenna as the configuration was changed. 
Don't do it that way! As the rhombic becomes "long-
er," its legs approach a straight line. The force required 
to pull the rhombic becomes increasingly greater and 
a very large motor is required. A better way is to pull 
the legs in from the side as depicted in f ig. 15. An 
analogy is the difficulty in tightening a violin string as 
opposed to the ease of plucking it from the middle. 

Two identical motors — of only modest power — 
are required. To further reduce the motor power re-
quirements, a counter-balancing arrangement should 
be used; see f ig. 18. Using such a system permits a 
lower motor output because it must only overcome 
the difference in antenna force versus the counter-
weight force as the system moves off its equilibrium 
point, a point of zero motor output requirement. 

The drive motors have to be capable of reversing 
and require a gear reduction to not only increase out-
put torque, but to give slow spindle speed; a spindle 
rotation speed of 20-30 RPM is good. A 230-volt re-
versible motor with integral gearing to give 50 foot-
pound torque at a speed of 75 RPM was originally 
tried. That proved inadequate even with the counter-
balancing system.. A further gear reduction of 4:1 using 
a chain drive proved acceptable. That was with a 65 

pound counter-balance weight, and a 200 pound far-
end weight. A surplus synchro connected to the gear 
motor drive at the closest-to-the-house side-tower per-
mits remote indication of the configuration at the oper-
ating position during dark hours. It was necessary to 
use a gear step-down arrangement so that the syn-
chro makes only one revolution of the entire configura-
tion change. 

acknowledgements 
A project of this size cannot be accomplished 

without help. First I'd like to thank Marshall Etter, 
W2ER, whose long-distance correspondence gave me 
a fuller understanding of the practical aspects of 
rhombic antenna construction gleaned from his many 
years at RCA Riverhead Receiving Station; his knowl-
edge boosted my confidence as well. Fred McGinnis, 
WD4KJZ, assisted in handling the lines and furnished 
muscle as we erected four towers — two 70-fo®ters, 
one 80-footer, and 70 feet of a 100-footer. (Fred is 
70+ years old and I was 63 at the time, so we 
made a great team.) John Fleming, WD4FFX, put up 
the last 30 feet of the 100 footer, which I declined to 
climb. Bill McCune, W2IRC, built the spindles and 
other mechanical parts and provided assistance and 
advice in the guying of the towers. Richard Bluhm, 
W2KXD, gave counsel on the Foster charts and design 
work. Alan Sielke, a non-ham, gave advice on struc-
tural loads on the towers from his civil engineering 
background and loaned me the transit. Norman Gertz, 
K1AA, furnished the 600-ohm terminating resistor as 
well as old military publications pertaining to rhombics. 
Gene Black, W2LL, furnished the old-style 600-ohm 
DPDT antenna relays needed for direction reversal. 
Millie Elwell, KA4ECM, helped in the initial survey of 
the rhombic towers and contributed encouragement 
and patience. 

references 
1. Ross A. Hull and C. C. Rodiman, W1SZ, "Plain Talk About Rhombic 

Antennas, " QST, November, 1936. 

2. The ARRL Antenna Book, the American Radio Relay League, Newington, 

Connecticut, Edition 1983, Chapter 7, Figure 17. 

3. A. E. Harper, Rhombic Antenna Design, D. Van Nostrand, 1941, page 

57, Figure 31. 

4. E. Bruce, "Developments in Short Wave Antennas," Proceedings of the 

IRE, August , 1931, page 1432, Figure 23. 

5. E. Bruce, et al., "Horizontal Rhombic Antennas," Proceedings of the IRE, 

January, 1935, page 37. 

6. Edmund Laport, Radio Antenna Engineering, Chapter 3, Figure 3.81, and 

Chapter 4, page 422. 

7. Donald Foster, "Radiation f rom Rhombic Antennas," Proceedings of the 

IRE, October, 1937. 

8. Henry G. Elwell, Jr., N4UH, "An tenna Geometry for Opt imum Per-

formance, " ham radio, May, 1982, page 60, Figure 4. 

9. Richard W . Bluhm, W2KXD, "Rhombic Antenna Design," November, 

1944, unpublished. 

10. E. Bruce and A. C. Beck, "Experiments wi th Directivity Steering for Fading 

Reduct ion," Proceedings of the IRS, April, 1935, page 357. 

11. Morton E. Moore, W 6 A U X , and F. L. Johnson, W7CNX, "Directed Ver-

tical Radiation wi th Diamond Antennas, " QST, April, 1937, page 21. 

ham radio 

DRIVE MOTOR 

V 
x t 

/11111 n i // i n 111•/'/11'/in n i 'in i1' 
fig. 18. Counterbalancing system to reduce motor drive 
load. 

116 d M a r c h 1985 



DX 
FORECASTER 

earth stonehocker, KORYW 

vernal equinox DX 

The average solar radio flux is 
often higher in March than it is in any 
other month of the year. During the 
first three months of the year the earth 
is at perigee with the sun; the long 
winter nights allow more time — after 
the earth's daily production of ions — 
for upward drift and the diffusion of 
ions into the F2 region. The F2 region 
contains the maximum ion density 
(foF2), which usually defines the max-
imum usable frequency (MUF) for DX 
paths. 

Throughout these winter months, 
the foF2, the major variable factor in 
calculating MUF (MUF = foF2.factor), 
is accumulated a little at a time, day 
by day, and the highest monthly 
average of the year usually occurs dur-
ing this quarter. Even during the year 
of the sunspot minimum, when the 
solar flux variation is small, an en-
chanced F2 region can be expected to 
build up in winter. 

Geomagnetic storms during these 
months, however, may disrupt our 
midlatitude ionosphere. During the 
equinoctial months the earth's (dipole) 
magnetic field is sufficiently perturbed 
by solar wind particles flowing into the 
auroral zone at 50-70 degrees north 
geographic latitude to cause the mid-
latitude ionosphere to be depleted. 
Below the auroral zone, the iono-
sphere develops a trough that extends 
southward, mainly on the dark side of 
the earth (i.e., at night) for two to 
three days in a row. Only near the 
equator (between ±20 degrees 
geomagnetic latitude) do the geomag-
netic disturbances enhance ionization; 

this is the reason for the higher MUF 
and ionospheric tilts that give rise to 
transequatorial (T.E. or one-long hop) 
propagation. This T.E. is characteristic 
of the equinoctial months — in the 
spring more than in autumn — and 
throughout winter in general. 

springtime QRN 
March and April are months in 

which spring storms bring rain to much 
of the northern hemisphere. Fronts of 
warm and cold air generate the first 
major thunderstorms of the year, pro-
ducing static that reduces the signal-
to-noise ratio of received signals, 
thereby lowering readability. 

The cumulative effect of thunder-
storm static worldwide is the main 
cause of high noise levels on the lower 
frequency HF bands. However, as a 
storm front approaches your area, a 
significant increase in the noise level 
is heard. One first notices this increase 
at a one-hop distance away (about 600 
to 1200 miles or 960 to 1920 km) when 
the storm front is about one day west 
of your location. The noise level usual-
ly decreases after that until the storm 
reaches within a ground-wave's dis-
tance (50 to 60 miles or 80 to 96 km). 
Individual discharges can be heard. As 
the storm draws nearer, its sounds be-
come part of the "local noise;" as it 
moves away, its noise decreases, then 
increases again as the front reaches 
the one-hop distance point a day or so 
later. (You can correlate this with 
storm progress reports on local televi-
sion.) You can save time in looking for 
rare DX by tracking storms in order to 
pinpoint when the most favorable 
listening conditions are likely to occur. 

last minute-forecast 
T.E. can be expected on the higher 

frequency bands (10 through 30 
meters) during the first two weeks of 
March. The effect will not be as pro-
nounced as it was last year, but should 
still provide good transequatorial open-
ings on the higher of these bands. 
Look for the best openings to occur 
when the geomagnetic field is disturb-
ed (high A and K figures) toward the 
end of the second week. The rest of 
the month will be better for low band 
night time DX operation. In terms of 
QRN buildup, this month will be one 
of the last quiet ones, but only be-
tween storms. Spring equinox occurs 
on March 20th at 1024 UTC. The moon 
is full on the 17th and at perigee on the 
16th. 

band-by-band summary 
Ten, fifteen, and twenty meters will be 
open from morning to early evening 
almost every day, and to most areas 
of the world. The openings on the 
higher of the bands will be shorter and 
will occur closer to local noon. Transe-
quatorial propagation on these bands 
will be more likely toward evening dur-
ing conditions of high solar flux and a 
disturbed geomagetic field. 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con-
ditions will resemble those on 20 
meters, but skip and signal strength 
may decrease during midday on days 
coinciding with high solar flux values. 
Nighttime use will be good except after 
days of very high MUF conditions. 
Generally the usable distance is ex-
pected to be somewhat greater than 
that achieved on 80 at night. 

Eighty and one-sixty meters, the night-
time DXer's bands, open just before 
sunset and lasts until the sun comes 
up on the path of interest. Except for 
daytime short-skip signal strengths, 
high solar flux values have little effect. 
Geomagnetic disturbances more evi-
dent near equinox cause signal attenu-
ation and fading on polar paths. Noise 
will be very noticeable on these lower 
frequency bands. 

ham radio 
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OUT PST 

WESTERN USA 

N N E E SE S SW W N W 

0000 t o o 20 2 0 15 10 15 10 10 2 0 
0100 S.-00 2 0 2 0 15 10 15 10 10 20 

S.-00 20 2 0 2 0 10 15 10 1 0 2 0 
0300 7.00 2 0 2 0 2 0 10 15 10 1 0 2 0 
0400 8.-00 2 0 3 0 20 10 15 15 10 2 0 
0500 W O 2 0 3 0 2 0 10 20 15 1 5 2 0 
0000 10*10 20 3 0 2 0 15 20 15 15 2 0 
0700 11:00 2 0 3 0 20 15 20 20 15 2 0 
oaoo 12:00 20 30 2 0 15 2 0 20 2 0 * 20 
(WOO 1.-00 20 30 2 0 15 2 0 20 20 30 
1000 2:00 20 30 20 20 30 20 20 30 
1100 3:00 30 30 20 20 30 20 20 30 
1200 4:00 30 30 20 20 30 20 20 30 
1300 5:00 30 2 0 20 20 20 20 20 30 
1400 6:00 30 2 0 15 20 20 20 20 30 
1500 7:00 30 2 0 15 20 20 2 0 20 30 
1000 8:00 30 2 0 15 20 20 15 20 30 
1700 9:00 30 2 0 15 20 20 15 20 3 0 
1800 10:00 3 0 2 0 15 2 0 2 0 15 15 3 0 
1900 11:00 3 0 2 0 10 15 15 15 15 20 
2000 12:00 3 0 2 0 10 15 15 10 15 20 
2100 1.-00 3 0 2 0 10 15 15 10 15 2 0 
2300 2:00 20 2 0 10 15 15 10 1 5 * 2 0 
2300 3.-00 20 2 0 15 10 15 10 10 20 
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MID USA 

N NE E SE S SW W NW 

t / - \ \ / — \ 
CST 

5:00 30 2 0 1 5 15 15 10 10 2 0 6:00 

6:00 3 0 2 0 15 15 15 10 10 2 0 7:00 

7:00 30 2 0 2 0 2 0 1 5 10 10 2 0 1:00 

8:00 3 0 2 0 2 0 2 0 1 5 10 10 2 0 9:00 

MO 30 3 0 2 0 2 0 15 15 15 2 0 10:00 

10:00 30 3 0 2 0 2 0 2 0 15 15 2 0 11:00 

11:00 30 3 0 2 0 2 0 2 0 15 15 2 0 124)0 

12:00 30 3 0 2 0 2 0 2 0 2 0 2 0 2 0 1:00 

1:00 30 30 2 0 20 20 20 2 0 30 2:00 

2:00 30 30 20 20 20 20 20 30 3:00 

3:00 30 30 20 20 30 20 20 30 4:00 

4:00 20 30 20 15 30 20 20 30 5:00 

5:00 20 30 20 15 30 20 20 30 6:00 

6:00 20 3 0 15 15 20 20 20 30 7:00 

7:00 20 20 15 15 20 20 20 30 8:00 

8:00 20 2 0 15 10 20 2 0 20 30 9:00 

9:00 2 0 2 0 15 10 20 15 20 30 10:00 

10:00 20 20 15 10 20 15 2 0 30 11:00 

11:00 20 2 0 10 10 2 0 15 1 5 3 0 12:00 

12:00 20 2 0 10 10 15 15 1 5 2 0 1:00 

1:00 20 2 0 10 10 15 10 15 2 0 2:00 

2:00 20 20 10 10 15 10 1 5 2 0 3:00 

3:00 2 0 2 0 10 1 0 15 10 1 5 * 2 0 4.-00 

4:00 30 20 15 15 15 10 10 2 0 5:00 
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VHF/UHF WORLD 

keeping VHF/UHFers 
up-to-date 
I'm often asked questions such as: 
"How do I know what's the latest 
VHF/UHF technique? Where can I 
meet other VHF/UHF'ers? How can I 
keep up to date on important VHF/ 
UHF happenings?" The answers to 
questions like these are largely a func-
tion of interests and the bands used; 
and thus can vary considerably. 

Because these questions are so fre-
quently asked, I decided to answer 
them in this month's column. I'll try to 
cover as many areas as possible, as 
objectively as I can. If I neglect to men-
tion a valuable VHF/UHF resource 
with which you're familiar, please let 
me know so we can share it with 
others in a later column. 

periodicals 

Probably the most popular source of 
information for VHF/UHF'ers is con-
tained in the monthly Amateur Radio 
magazines (table 1). 

ham radio has always been a reliable 
source of information on VHF/UHF 
design and techniques. Since January, 
1984, this column has appeared month-
ly. In addition to various articles on 
VHF/UHF subjects (see Cumulative 
Index, December, 1984, page 128), the 

annual antenna issue (May), the an-
nual VHF/UHF issue (which first ap-
peared in July, 1984), and the annual 
receiver issue (November) are of parti-
cular interest to VHF/UHF'ers. 

CQ has recently added a VHF/UHF 
column. It also features articles on 
VHF/UHF techniques and equipment. 
In addition it has announced that it will 
resume its VHF contesting program 
with a VHF WPX contest in July, 1985. 

QST also publishes articles of in-
terest to VHF/UHF'ers. The monthly 
columns "The World Above 50 MHz" 
by Bill Tynan, W3XO, and "The New 
Frontier" by Bob Atkins, KA1GT, 
cover current VHF/UHF standings and 
records and reports on VHF/UHF ac-
tivity. ARRL-sponsored VHF/UHF, 
and EME contest results are also 
published regularly. 

73 has no formal VHF/UHF column 
but publishes articles featuring VHF, 
UHF, and microwave techniques. 

Several periodicals published out-
side the United States may also be of 
interest to stateside VHF/UHF'ers. 
The most notable are CQ-DL, CQ Ham 
Radio, Ham Journal, and Radio Com-
munication (see table 2). 

CQ-DL, the official journal of the 
DARC (Deutscher Amateur Radio 
Club) of West Germany, is written en-
tirely in German. Like ham radio and 
QST, it features a monthly VHF/UHF 
column as well as articles of interest 
to VHF/UHF'ers. 

table 1. Major Amateur Radio periodicals 
published in the United States. 

ham radio, Communications Technology, 
Inc., Greenville, New Hampshire 03048. 
Issued monthly. One-year subscription: 
$19.95 (U.S.A.). 

CQ, CQ Publishing Company, 76 North 
Broadway, Hicksville, New York 11801. 
Issued monthly. One-year subscription: 
$16.00 (U.S.A.). 

QST, ARRL, 225 Main Street, Newington, 
Connecticut 06111. Issued monthly. 
Annual membership in ARRL: $25.00 
([U.S.A.) includes subscription to QST). 

73, 73 Subscription Department, Box 931, 
Farmingdale, New York 11737. Issued 
monthly. One-year subscription: $25.00 
(U.S.A.). 

CQ Ham Radio is the major monthly 
publication in Japan. Written in 
Japanese, it usually runs over 500 
pages per issue. Ham Journal, also in 
Japanese, is a smaller, quarterly publi-
cation issued by the same publisher. 
Each issue of Ham Journal is based on 
a central theme. For instance, the 
Spring, 1984, issue was devoted 
almost entirely to EME. 

Radio Communication ("Radcom") 
is the official journal of the RSGB 
(Radio Society of Great Britain). Like 
QST, it features articles on VHF/UHF 
and two VHF/UHF columns, "4-2-70" 
(70, 144, and 430 MHz) by Ken Willis, 
G8VR, and "Microwaves" by Mike 
Dixon, G3PFR. It is interesting to note 
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that British VHF/UHF'ers appear to 
have different interests than their 
American counterparts. Reading "Rad 
Com," the American reader senses a 
greater interest in portable operation 
and a large population of users on 
microwave frequencies such as 23,13, 
and 3 cm. Unlike typical American 
designs, British designs tend to em-
phasize inexpensive or particularly 
clever design techniques. 

professional periodicals 
Several professional periodicals may 

also be of interest to VHF/UHF'ers 
(see table 3). In particular, they are the 
IEEE Microwave Theory and Techni-
ques (MTT),* the IEEE Transactions 
on Antennas and Propagation 
(PGAP), Microwave Journal, Micro-
waves & RF, Microwave Systems 
News, and RF Design. 

IEEE's PGAP and MTT are highly 
mathematical in nature but usually are 
devoted to the latest state-of-the-art 
developments in their respective fields 
of antennas, propagation, and micro-
waves. Only members of the IEEE may 
subscribe. 

Microwave Journal, Microwaves & 
RF, Microwave Systems News, and 
RF Design are controlled-circulation 
publications available free of cost to 
"qualified" industry professionals and 
by subscription to "non-qualified" per-
sons. These magazines specialize in 
reporting on the latest design techni-
ques and equipment, with generous 
amounts of space devoted to adver-
tisements and product reviews. 

special interest publications 
So far we've been talking mainly 

about magazines. There is, however, 
a substantial number of newsletters 
and small journals that are specifically 
written for VHF/UHF'ers. These are 
generally either "open distribution" 
publications or society or club 
publications. 

The primary "general distribution" 
types are VHF+ Trading Post, 
VHF/UHF and Above Information Ex-
*Institute of Electrical and Electronics Engineers, Inc., 
345 East 47th Street, New York, New York 10017. 

table 2. Major Amateur Radio periodicals 
published outside the United States 
(contact publishers for U.S. subscription 
rates I. 

CQ-DL, Published by the German Amateur 
Radio Club (DARC), Postfach 1155, 3507 
Baunatal 1, West Germany. Issued monthly. 

CQ Ham Radio, CQ Publishing Company 
Ltd., 14-2 Sugamo 1-Chome, Toshima-Ku, 
Tokyo 170, Japan. Issued monthly. 

Ham Journal, CQ Publishing Company, Ltd., 
14-2 Sugamo 1- Chome, Toshima-Ku, Tokyo 
170, Japan. Issued quarterly. 

Radio Communication, RSGB Headquarters, 
Alma House, Cranborne Road, Potters Bar, 
Hertsfordshire, EN6 3JW, England. Issued 
monthly. 

table 3. Major professional publications 
of interest to VHF/UHF'ers. 

IEEE MTT, IEEE Service Center, 445 Hoes 
Road, Piscataway, New Jersey 08854. Issued 
monthly. IEEE membership required. Contact 
publisher for rates. 

IEEE PGAP, IEEE Service Center, 445 Hoes 
Road, Piscataway, New Jersey 08854. Issued 
monthly. IEEE membership required. Contact 
publisher for rates. 

Microwave Journal, Horizon House, 610 
Washington Street, Dedham, Massachusetts 
02026. Issued monthly. One-year subscrip-
tion: $36.00. 

Microwaves and RF, Hayden Publishing 
Company, Box 1419, Riverton, New Jersey 
08077. Issued monthly. One-year subscrip-
tion: $30.00. 

Microwave Systems News, E.W. Com-
munications, Inc., Box 50249, Palo Alto, 
California 94303-0249. Issued monthly. One-
year subscription: $35.00. 

RF Design, Cardiff Publishing Company, 1 
East First Street, Duluth, Minnesota 55802. 
Issued bi-monthly. One-year subscription: 
$15.00. 

change, 2-meter EME Bulletin, 220 
Notes, 432 and Above EME News, 
VHF/UHF Newsletter, DUB US, VHF 
Communications, Amateur Television 
Magazine, and ORBIT (see table 4). 

VHF+ Trading Post is a new 
monthly newsletter that specializes in 
news and advertisements of interest to 
the VHF/UHF'er. VHF/UHF and 
Above Information Exchange, another 
new publication, with articles on VHF, 

UHF, and EME, as well as VHF/ 
UHF'er comments and station descrip-
tions. It also features K2UYH's "432 
and Above EME News." The 2-Meter 
EME Bulletin spotlights the latest hap-
penings, news items, and station 
descriptions of interest to 2-meter 
EME'ers. All three publications step-
ped in to fill the gap when " The Lunar 
Letter" ceased publication. 

220 Notes is dedicated to coverage 
of weak signal and FM/FM repeater 
activity on the 220-225 MHz band. Re-
cent issues featured detailed back-
ground material on the Land Mobile in-
dustry's attempt to remove this band 
from the Amateur Radio service. 432 
and Above EME News, compiled by 
Allen Katz, K2UYH, features 70, 23, 
and 13-cm EME station reports, as well 
as some technical material and month-
ly EME schedules. A low-budget oper-
ation published mainly for the active 
EM E'er on 70 cm and above, 432 and 
Above cannot handle any more sub-
scribers; it is, however, republished in 
the next available issue of VHF/UHF 
and Above Information Exchange. 

The RSGB VHF/UHF Newsletter by 
David Butler, G4ASR, has just become 
available to readers outside of Europe. 
While it specializes in reporting on up-
coming VHF and UHF activities in Eu-
rope, it also provides good material on 
meteor scatter, EME and new VH F and 
UHF techniques. DUBUS is a West 
German publication written mostly in 
English, but directed to European 
readers. DUBUS features information 
on stations, activities, and design for 
VHF/UHF operation. 

VHF Communications is the English-
language version of the German UKW 
Technik. Published quarterly, it fea-
tures full-length articles on VHF, UHF, 
and microwave equipment design. 

Amateur Television Magazine spe-
cializes in slow scan, fast scan, and 
satellite TV. It offers articles on equip-
ment construction and operating tech-
niques, and advertisements of interest 
to the video-oriented Amateur. 

ORBIT, the journal of the Radio 
Amateur space program, is the official 
publication of AMSAT (Amateur Sat-
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table4. Major VHF and UHF newsletters 
and publications. 

VHF + Trading Post, c/o Jack Parker, 
KC0W, P.O. Box 11023, Reno, Nevada 
89510. Issued monthly. One-year subscrip-
tion: $5.00. 

VHF! UHF and Above Information Exchange, 
c/o Rusty Landes, KA0HPK, P.O. Box 270, 
West Terre Haute, Indiana 47885. Issued 
monthly. One-year subscription: $15.00. 

2-Meter EME Bulletin, c/o Gene Shea, 
KB7Q, 417 Stadhauer, Bozeman, Montana 
59715. Issued monthly. One-year subscrip-
tion: $12.00. 

220 Notes, c /o Walt Altus, WD9GCR, 215 
Villa Road, Steamwood, Illinois 60103. Six 
issues per year. One-year subscription: $5.00 

432 and Above EME News, c /o Allen Katz, 
K2UYH, 326 Old Trenton Road, RD 4, Tren-
ton, New Jersey 08691. Issued monthly. (See 
text). 

VHF/UHF Newsletter, RSGB Headquarters, 
Alma House, Cranborne Road, Potters Bar, 
Hertsfordshire EN6 3JW, England. Issued 
monthly. Contact publisher for rates. 

DUBUS, c /o Claus Neie, DL7QY, D-7181 
Rudolfsberg 24, West Germany. Issued 
quarterly. Contact publisher for rates. 

VHF Communications, c/o Terry D. Bitten, 
Jahnstrasse 14, Postfach 80, D-8523 
Baiersdorf, West Germany. Issued quarter-
ly. Contact publisher for rates. 

Amateur Television Magazine, c /o QCD 
Publications Inc., P.O. Box H, Lowden, Iowa 
52255. Issued monthly. One-year subscrip-
tion: $10.00. 

ellite Corporation). It features con-
struction articles, equipment reviews, 
station descriptions, and the latest in-
formation on Amateur Radio satellites. 

club newsletters 
There are numerous club publi-

cations often available to non-
members at a nominal cost. Those that 
come to mind are Six Shooter, The 
Sidewinders on Two Bulletin, The 
Southeastern VHF Society and 70-cm 
Net Newsletter, Northeast VHF News, 
Texas VHF-FM Society News, The 

West Coast VHF'er, Radiosporting, 
and Cheese Bits (see table 5). 

Six Shooter, the official journal of 
SMIRK (Six Meter International Radio 
Klub), specializes in coverage of 
6-meter activities. You can join SMIRK 
after contacting six members on 6 
meters. SMIRK also sponsors awards 
and an annual contest. 

The Sidewinders on Two Bulletin is 
the official newsletter of SWOT (Side-
winders on Two), which specializes in 
2-meter activity. Members are ad-
mitted after contacting 2 SWOT mem-
bers on 2 meters. SWOT also sponsors 
an annual contest and awards. 

The Southeastern VHF Society and 
70-cm Net Newsletter is a publication 
of the Southeastern 70-cm net. In ad-
dition to 70-cm news, it features items 
of general and technical interest to 
VHF/UHF'ers. 

Northeast VHF News, sponsored by 
the Northeast VHF Association, carries 
news of interest to local, national, and 
international VHF/UHF'ers. Texas 
VHF-FM Society News specializes in 
FM and FM repeaters in the Texas area 
as well as meeting notes from the 
Texas VHF-FM Society. 

The West Coast VHF'er concen-
trates on information of interest to the 
California VHF/UHF'er. Radiosporting 
is a new magazine which promises to 
focus on the art of Amateur con-
testing. The Mount Airy VHF Radio 
Club, Inc. Pack Rats' Cheese Bits is a 
club newsletter that includes product 
reviews, an activity calendar, a swap 
and shop column, and short technical 
articles. 

Let us not forget those publications 
that while no longer available, are still 
an excellent source of information if 
you can borrow copies. The first ones 
that come to mind are The VHFER 
(K7AAD), 6 UP (73), 220 MHz EME 
Newsletter (K5FF), Northern California 
220 News (WA6GYD), 432 Bulletin 
(W6FZJ), and The Lunar Letter 
(KI7D). 

Other short publications or news-
letters while general in nature, often 
print information of interest to 
VHF/UHF'ers (see table 6 ). They are 

The ARRL Letter, World Radio, QEX, 
West/ink Report (formerly HR Report), 
The W5YI Report, Gateway, and DX 
Bulletin. 

The ARRL Letter is primarily 
dedicated to keeping the Amateur in-
formed of Amateur Radio news in 
general. As such, it provides up-to-
date information in a timely fashion. 
World Radio based in Sacramento, 
California, is an Amateur Radio 
newspaper. It publishes articles of 
general interest to the Amateur and 
features several columns including 
ones on DX, antennas, the FCC, and 
OSCAR. QEX, the ARRL ex-
perimenters' exchange, is a monthly 
ARRL newsletter specializing in articles 
that may be too technical in nature for 

table 5. VHF/UHF club and organization 
bulletins. 

Six Shooter, c/o Ray Clark, K5ZMS, 7158 
Stone Fence, San Antonio, Texas 78227. 
Issued quarterly, Annual membership dues 
$6.00, plus $3.00 for subscription. 

The Sidewinders on Two Bulletin, c/o Harry 
Arsenault, K1PLR, 603 Powell Avenue, Erie, 
Pennsylvania 16505. Issued monthly, One-
year subscription: $10.00. 

Southeastern VHF Society and 70-cm Net 
Newsletter, c/o Charles Osborne, WD4MBK, 
131 Saratoga Drive, Lawrenceville, Georgia 
30245. Issued quarterly. One-year subscrip-
tion: $5.00. 

Northeast VHF News, c /o Lewis Collins, 
W1GXT, 10 Marshall Terrace, Wayland, 
Massachusetts 01778. Six issues per year. 
One-year subscription: $3.00. 

TX VHF-FM Society, c / o Robert 
McWhorter, K5PFE, Box 461, Jasper, Texas 
75951. Issued bi-monthly. One-year subscrip-
tion: $6.00. 

The West Coast VHFer, 560 West Yucca 
Street, Oxnard, California 93033. Issued 
monthly. One-year subscription: $10.00. 

Radiosporting, c /o Yuri Blanarovich, 
VE3BMV, Box 65, Don Mills, Ontario, M3C 
2R6, Canada. Issued monthly. $12.00 annual 
membership plus $16.00 for one-year 
subscription. 

The Pack Rats' Cheese Bits, c /o Doc Cutler, 
K3GAS, 7815 New Second Street, Elkins 
Park, Pennsylvania 19117. Issued monthly. 
One-year subscription: $2.50. 
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table 6. Newsletters of a general nature 
that often cover news of interest to 
VHF/UHFers . 

The ARRL Letter, c /o ARRL, 225 Main 
Street, Newington, Connecticut 06111. 
Issued bi-weekly. One-year subscription: 
$19.50. (ARRL members only). 

QEX, c /o ARRL, 225 Main Street, New-
ington, Connecticut 06111. Issued monthly. 
One-year subscription: $6.00 (ARRL mem-
bers only). 

Westlink Report, c /o Poco Press, 11119 
Allegheny Street, Sun Valley, California 
91352. Issued bi-weekly. One-year subscrip-
tion: $22.50. 

The W5YI Report, Box 10101, Dallas, Texas 
75207. Issued bi-weekly. One-year subscrip-
tion: $24.00. 

Gateway, c /o ARRL, 225 Main Street, New-
ington, Connecticut 06111. Issued bi-weekly. 
One-year subscription: $6.00 (ARRL mem-
bers only). 

World Radio, 212028th Street, Sacramento, 
California 95813. Issued monthly. One-year 
subscription: $10.00. 

QST. Articles on experimental aspects 
of VHF/UHF are always welcome. 
Geoffrey Krauss, WA2GFP, writes a 
bi-monthly column for QEX. 

The two major Amateur Radio bi-
weekly newsletters are The West/ink 
Report (formerly HR Report) and 
W5YI Report. They primarily cover 
Amateur Radio news items, with em-
phasis on FCC matters, legislative 
problems, recent or upcoming events. 
VHF/UHF news is printed as it be-
comes available. Gateway, the latest 
ARRL publication, specializes in pack-
et radio communications in a format 
similar to QEX. Gateway should be 
especially interesting to those people 
using packet radio for VHF meteor 
scatter. 

DX Bulletins 
Many DX bulletins are published 

regularly. These newsletters usually 
provide important propagation infor-
mation as well as VHF/UHF reports 
(when received). This category in-
cludes The DX Bulletin (K1TN), QRZ 
DX (W5KNE), LIDXA Bulletin 

(W2IYX), and The DX'ers Magazine 
(W4BPD), among others. The North-
ern California DX Foundation News-
letter (N6ST) has contributed to at 
least two VHF/UHF DXpeditions. 

catalogs and advertisements 
Although advertisements and cata-

logs are intended to sell products, they 
can also provide useful information 
about the state-of-the-art, availability 
of components and similar subjects. 
Don't overlook advertisements as a 
source of helpful information. New 
product reports and reviews in 
periodicals and newsletters can also be 
useful. 

Amateur reference materials 
Numerous books and references 

useful to the VHF/UHF'er include but 
are not limited to The ARRL 1985 
Handbook for The Radio Amateur, 
Radio Handbook, VHF/UHF Manual, 
VHF Handbook for Radio Amateurs, 
The Radio Amateur's VHF Manual, 
VHF for the Radio Amateur, The UHF 
Compendium (Parts 1 and 2), The 
Satellite Experimenter's Handbook, 
ARRL Antenna Book, The Microwave 
Newsletter Technical Collection, and 
From Beverages Thru OSCAR — A 
Bibliography, with Addendum (see 
table 7). 

The ARRL 1985 Handbook for The 
Radio Amateur and Bill Orr's Radio 
Handbook each have several chapters 
devoted to VHF/UHF communica-
tions. The VHF/UHF Manual (RGSB), 
VHF Handbook for Radio Amateurs, 
The Radio Amateur's VHF Manual, 
and VHF for the Radio Amateur are 
entirely devoted to VHF/UHF and 
Microwaves, with information on an-
tennas, receivers, transmitters, etc. 
The Microwave Newsletter may be out 
of print and only a few dozen copies 
of the Bibliography are still available 
from the source. Both include basic 
material useful to VHF/UHF'ers. 

The UHF Compendium (Parts 1 and 
2), a translation of a German publica-
tion, is a great source of information 
for designing receivers, antennas, and 
transmitters. Heavy emphasis is plac-

table 7. Recommended VHF, UHF, and 
Microwave references. 

The ARRL 1985 Handbook for the Radio 
Amateur, ARRL, 225 Main Street, Newing-
ton, Connecticut 06111, $15.00.' 

Radio Handbook, William I. Orr, W6SAI, 
$12.95.' 

VHF/UHF Manual, Pat Jessop, G5JP. 
Published by the RSGB. $17.50.' 

VHF Handbook for Radio Amateurs, Herb 
Brier, W9EGQ, and William I. Orr, W6SAI, 
$11.95.' 

The Radio Amateur's VHF Manual, Edward 
P. Tilton, W1HDQ, ARRL, 225 Main Street, 
Newington, Connecticut 06111. (out of print) 

VHF for the Radio Amateur, Frank C. Jones, 
W6AJF, CO Publications, 76 North Broad-
way, Hicksville, New York 11801 (out of 
print). 

The UHF Compendium, Parts 1 and 2, K. 
Weiner, DJ6H0, Editor (out of print). 

The Satellite Experimenter's Handbook, 
Martin Davidoff, K2UBC, ARRL, 225 Main 
Street, Newington, Connecticut 06111. 
$10.00.' 

The ARRL Antenna Book, 14th edition, 
Gerald L. Hall, K1TD, Editor, $8.00.' 

The Microwave Newsletter Technical Collec-
tion, J. Gannaway, G3YGF, and S.J. Davies, 
G4KNZ. Published by the RSGB. $10.00.' 

From Beverages Thru OSCAR — A 
Bibliography, (with Addendum). Volume 1 
(1945-1978) 620 pp, $29.95, Volume 2, 
(1979-1981) 144 pp, $9.95. Both volumes: 
$35.95. Contact author. Rich Rosen, K2RR, 
at ham radio. 

Note 1. Available from Ham Radio's Bookstore, 
Greenvil le. N e w Hampshire 03048. Add $3. SO for 

shipping and handling. 

ed on practice and construction. The 
Satellite Experimenter's Handbook is 
a history of and guide to all of the 
Amateur Radio Satellites. It shows 
readers how to find the various 
satellites and recommends specific 
antennas, preamplifiers, and transmit-
ters. The ARRL Antenna Book is an 
excellent reference for both HF and 
VHF. The Microwave Newsletter 
Technical Collection consists of edited 
extracts from the best UHF and 
microwave notes published in the 
RSGB Microwave Newsletter since 
1980. 
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table 8. Calling frequencies. 

6 meters 50.110 MHz 
2 meters 144,200 MHz 
135 cm 220.100 MHz 
70 cm 432.100 MHz 
23 cm 1296.100 MHz 
13 cm 2304.100 MHz 

From Beverages thru OSCAR - A 
Bibliography is a unique reference 
book that lists, in chronological order, 
virtually every Amateur Radio article 
written in the last 30 or so years 
through 1981 .* Over 36,000 articles ap-
pearing in the Amateur press (as well 
as in some professional publications) 
are included. As such, it is a good 
source for determining what resources 
are available, where and when they 
were published. All of these valu-
able references are a must for the 
library of any well-rounded, informed 
VHF/UHF'er. 

nets 
Nets are a valuable and timely 

source of information for those in-
terested in VHF, UHF, and micro-
waves. Local and VHF/UHF club nets 
are quite common. SMIRK and SWOT 
sponsor numerous 6 and 2-meter nets; 
their members can direct you to nets 
in your local area. 

There are several HF nets or 
"hangout" frequencies where VHF/ 
UHF'ers can often be found. The 
6-meter enthusiasts can often be 
found on 28.885 MHz when 10 and/or 
6 meters is open. Much crossband and 
6-meter DX was coordinated on this 
frequency when F2 propagation was 
common at the peak of solar cycle 21. 

The CSVHF (Central States VHF 
Society) has a net on 3818 kHz, usually 
at 9:30 PM CST on Sunday evenings. 
VHF/UHF'ers, especially those in the 
central United States, often use this 

•From Beverages Thru OSCAR — A Bibliography 
is in the process of being updated to include all publish-

ed articles up to, and including, December, 1984. 

frequency at night — and especially 
during meteor showers — to exchange 
information and schedules. 

14,345 kHz has long been used by 
Europeans as a VHF scheduling fre-
quency. Every Saturday and Sunday 
the 70-cm EME net meets on 14,345 
kHz at 1600 UTC. The 2-meter EME 
net follows at approximately 1700 
UTC. These nets, although primarily 
devoted to EME, are a good source of 
information on important VHF/UHF 
happenings. Many VHF'ers are known 
to monitor (but don't necessarily check 
in) these nets to get the latest 
"scoop." The EME'ers and many 
VHF/UHF'ers also use OSCAR 10 as 
an intercom, and can often be heard 
on the downlink frequency of 145.950. 

Other HF gatherings also take place. 
Of particular note is a large group of 
VHF'ers that seems to "hang ou t " on 
160 meters where they swap stories or 
lies. I guess the 160-meter crowd has 
something in common with VHF/ 
UHF'ers: they also enjoy suffering with 
weak signals and noise\ 

Don't forget the weekly OSCAR 
nets (see QSTfor frequencies, dates, 
and times). They are a good source of 
V H F / U H F as wel l as satel l i te 
information. 

calling frequencies 
Often the VHF or UHF frequencies 

are quiet because there are simply 
fewer VHF/UHF'ers than HF'ers. 
VHF/UHF propagation is also more 
restricted than HF, As a result, the 
VHF'ers have established "calling fre-
quencies," where everyone can mon-
itor, call CO occasionally, or establish 
communications with someone else 
who monitors that same frequency. It 
is common courtesy to slide off the 
calling frequency after making contact 
so that someone else can use it. 

Monitoring calling frequencies can 
be a good way to find out who's ac-
tive and what's happening (see tab le 
8). The prime calling frequencies in the 
USA are 50.110, 144.2, 220.1, 432.1, 
and 1296.1 MHz. As previously men-
tioned, the OSCAR 10 downlink fre-
quency of 145.950 MHz also serves as 

a gathering and calling frequency for 
VHF/UHF'ers. 

activity 
The Northeast VHF Association has 

introduced a popular system concen-
trating activity and thereby increasing 
the likelihood of meeting other in-
terested VHF/UHF'ers. This system is 
built around "activity nights" and "ac-
tivity hours," see tables 9 and 10. 
Basically, the system works this way. 
Sunday night is 6-meter activity night; 
Monday is 2 meters; Tuesday is 135 
cm; Wednesday is 70 cm; Thursday is 
23 cm. (Anyone for 13 cm on Fridays?) 
By concentrating on a single band 
each night, VHF/UHF'ers, especially 
those who operate multiple bands, are 
more likely to find other interested par-
ties. These nights are a great source 
of information exchange. During 
VHF/UHF contests it may be difficult 
to catch all active stations, especially 
those that operate several bands. 
Again, a technique recently suggested 
by the Northeast VHF Society consists 
of concentrating afternoon contest ac-
tivity by establishing specific activity 
hours. 135-cm activity starts at 2 PM, 
70 cm at 3 PM, and 23 cm at 4 PM. 
For many years a similar system has 
been used in the mornings and even-
ings, with 2 meters at 7 A M / P M , 135 
cm at 8 A M / P M , etc. When everyone 
adheres to this plan, there is less 
likelihood of missing other active sta-
tions. It's also a good way to just keep 
in touch. 

contests, conferences 
and shows 

Contests can be good sources of in-
formation exchange. The ARRL spon-
sors VHF, UHF, EME, and SPRINT 
(single band short duration contest) 
contests throughout the year. (I try to 
list all contests at the end of this col-
umn every month). So do SMIRK (in 
June) and SWOT (in July). The Euro-
peans also have many contests, with 
the biggest being the International 
VHF Contest held on the first weekend 
of October. 

— 1 / I / V + 
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table 9. Suggested VHF/UHF "activity 
nights." 

6 meters Sunday 
2 meters Monday 
135 cm Tuesday 
70 cm Wednesday 
23 cm Thursday 
13 cm Friday 

table 10. Suggested "activity hours" 
during VHF/UHF contests. 

2 meters 7AM 1PM 7PM 
135 cm 8AM 2PM 8PM 
70 cm 9AM 3PM 9PM 
23 cm 10AM 4PM 10PM 
13 cm 11AM 5PM 11PM 

One excellent way to stay informed 
and meet with other interested VHF, 
UHF, and Microwave enthusiasts is to 
attend conferences. Often antenna 
and noise figure measurements are 
conducted; this can be an excellent 
way to see how your receiver, pre-
amplifier, or converter and antenna 
stack up against others. At the same 
time, one can swap circuits and tips on 
improving performance, see firsthand 
the latest state-of-the-art tricks and 
devices. 

The Dayton Hamvention is one of 
the first conferences held each year. 
Recently the Hamvention has spon-
sored a VHF/UHF program under the 
guidance of WA80NQ and has now 
added noise figure and antenna 
measurements. The long-standing 
West Coast VHF Conference, held in 
California in early May, the Eastern 
VHF/UHF Conference, held in mid-
May in New Hampshire, and the 
CSVHF Society Conference held the 
last weekend of July in the midwest, 
are totally dedicated to technical ses-
sions on VHF/UHF and microwave 
techniques. All of these conferences 
sponsor antenna and noise figure 
measurements as well. 

The Mid-Atlantic States Confer-
ence, held the first weekend in Octo-
ber in eastern Pennsylvania includes 
technical talks and a flea market. For 

those who travel abroad, Europeans 
have similar conferences in both Ger-
many and England (contact the DARC 
or RSGB). A new conference dedi-
cated solely to 1296 and 2304 MHz will 
be held in Colorado this September. 
Notes and handouts are frequently one 
of the highlights of these conferences. 
Recently the CSVHF Society began is-
suing a set of proceedings at their con-
ference (contact K0DAS). 

Finally, many area and ARRL con-
ferences (especially the ARRL Na-
tional) often feature VHF and UHF 
programs. An excellent source of in-
formation, these programs provide 
ample opportunity to meet and talk 
with experts in the field. As in the past, 
I will try to announce these con-
ferences and the names of appropriate 
contact people at the end of each 
month's column. 

awards programs 
Awards programs generate activity 

and challenge VHF/UHF and micro-
wave enthusiasts to improve their gear 
and operating techniques. The most 
common awards are the IARU WAC, 
the ARRL WAS, and the ARRL 
VUCC. Information on these awards 
can be obtained by sending an SASE 
to ARRL. The RSGB has members-
only Microwave Transmitting Awards 
somewhat like the VUCC but specializ-
ing on the 23 cm and higher bands. 
Contact the RGSB for further details. 
The VUCC Award, which has done 
much to stimulate activity on the 
VHF/UHF bands, is based on contacts 
with different grid squares, a section 
of land included within a block measur-
ing 2 degrees wide (longitude) by 1 
degree high (latitude).' The WAS and 
VUCC standings boxes in "The World 
Above 50 MHz" in QST are an ex-
cellent way to discover who's active in 
your area. 

conclusion 
VHF and UHF'ers have a relatively 

poor track record when it comes to 
"Communicating." Exchange of infor-
mation — especially in a timely way — 
has always been a problem. In this col-

umn therefore, I've tried to identify the 
principal sources of information for 
VHF/UHF'ers and HF'ers alike. I hope 
this material will provide readers with 
new sources of information; if you'll let 
me know of any important material I 
may have missed, I'll share it with ham 
radio's readers in a later column. 

reference 
1. John Lindholm, W1XX, "VHF /UHF Century Club 
Awards," QST, January, 1983, page 49. 

upcoming VHF/UHF events 
March 21: Optimum date for TE contacts. 
September 20-22: I've just been informed by 
Don Hittard, W0PW, Box 563, Boulder, Colorado 
80306, that he intends to sponsor a 1296 and 
2304 MHz conference in Estes Park, Colorado. 
Drop Don an SASE for additional information 
on this gathering. 

ham radio 

AC CIRCUIT ANALYSIS 
PROGRAMME FOR 
ATARI COMPUTER 

• Performs frequency domain analysis of linear 
two-port circuit in sub-audio to microwave fre-
quency range. 

• Calculates frequency response of voltage or 
power gain, and input and output impedance, 
or a complete set of S parameters. 

• Accepts 17 different types of circuit elements 
including L, C, R, transmission line, S or V 
parameters (frequency dependent), transformer 
(ideal or magnetically coupled), controlled cur-
rent or voltage source, etc. 

• Frequency dependent source and load impe-
dance data are accepted. 

• Circuit data may be entered from keyboard or 
disk file. 

• Built in editor routine allows quick modification 
of circuit data. 

• Calculation results are presented in tabular for-
mat and may be saved in disk file. 

• ATARI with 48K RAM, one disk drive, and a 
printer are required to run the programme. 

• Price $195 plus $5 shipping charge. 

Kazunari Honjo, AD4H 
1917 W. Tuliptree Dr. 
Huntsville, AL 35803 

(205) 883-9840 
191 

SAY YOU SAW IT 
IN 
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RF 
TRANSISTORS 

NEWI 
products 

new ICOM headquarters 
I C O M America's new 40,000 square foot cor-

porate headquarters/sales and service center in 
Bellevue, Washington, has been completed. 
Growth in its expanding line of Amateur Radio 
equipment had caused I C O M America to out-
grow its prior facility; the new building allows 
for expanded service and warehouse areas as 
well as areas designated for future engineering 
and manufacturing divisions. 

For information on I C O M products, contact 
I C O M America, Inc. at its new address: 2380-116 
Avenue NE, Bellevue, Washington 98004. 

Circle #301 on Reader Service Card. 

handheld analog/digital 
multimeters 

John Fluke Manufacturing has introduced two 
new heavy-duty analog/digital multimeters — 
the Fluke 25 and the Fluke 27 — designed specif-
ically for industrial use. The new Fluke 20 Series 
combines the accuracy of a digital meter wi th 
the dynamic measurement capabilities of an 
analog meter. Built to endure environmental and 
electrical abuse, these sealed meters can with-
stand drops, shock, vibration, contaminants, 
moisture, and other harsh conditions. 

Both are available in either safety yel low or 
dark charcoal gray. Their liquid crystal display 
works even at extreme temperatures; operation 
is guaranteed from - 1 5 degrees C to 55 degrees 
C and to - 40 degrees C for 20 minutes. Typical 
continuous operation is f rom - 20 degrees C to 
60 degrees C. 

The Fluke 25 is priced at $229; the Fluke 27 
at S259. 

For complete details, contact John Fluke Mfg . 
Co., Inc., P.O. Box C9090, Everett, Washington 
98206. 

automatic antenna tuner 
The Heath Company has expanded its 

Amateur Radio line to include the new SA-2500 
A u t o Tune Antenna Tuner . The S A - 2 5 0 0 
features an efficient, continuously variable roller 
inductor that can be preset for 18 different 
frequencies. 

The SA-2500 permits the user to preset high 
and low frequencies on each of the nine bands 

from 160 to 10 meters. In the Auto mode this 
tuner sets the roller inductor to the preselected 
value and automatically adjusts the preset for a 
proper match. A remote capability allows 
selected frequencies to be automatically tuned 
to the proper S W R using only transmitter band 
switches, provided the transmitter is equipped 
for remote operation. 

Manual tuning is simplified wi th three front 
panel lever switches and dual wattmeters. The 
wattmeters read forward and reflected average 
power and S W R in t w o ranges. A n auto-range 
circuit automatically switches the wattmeters to 
the appropriate range. 

The SA-2500 effectively tunes and matches 
unbalanced feed lines and single-wire antennas 
at the full legal power limit of a station. The 
SA-2500-1 4:1 Balun Accessory can be added 
for use with balanced ladder line antennas. A 
front panel coax switch allows the user to select 
easily f rom three different, permanently con-
nected antennas and bypass. 

Heath's Auto -Tune Antenna Tuner installs 
directly into the transmission line. The internal 
S W R wat tmeter bridge will measure power on 
all frequencies between 1.8 and 30 M H z , 
200 /2000 wat ts in the forward direction and 
5 0 / 5 0 0 wat ts reflected. S W R readings on the 
reflected meter provide direct readings from 1:1 
to 3:1. 

For more information and a free catalog, con-
tact Heath Company, Department 150-395, 
Benton Harbor, Michigan 49022. 

Circle #303 on Reader Service Card. 

"dishpositioner" 
Electroaids Inc. has announced the introduc-

tion of its Electro-Scan '85 "dishpositioner." The 
reliability of the new Electro-Scan '85 has been 
increased by the inclusion of minor improve-
ments in the state-of-the-art circuitry. The ex-
terior of the control box has also been redesigned 
for greater attractiveness and a more contempo-
rary appearance. 

The Electro-Scan '85 uses an analog micro 
system and features a dial control that shows 
dish location by actual satellite name. The 
"dishpositioner" uses a 36-volt DC motor drive 
for safety, and offers precise positioning along 
with a lock and key on the control box for owner 
control. 

Information on the unit is available f rom 
Electro-Corn, Suite 112, 8459 N. Main Street, 
Dayton, Ohio 45415. 
Circle #302 on Reader Service Card. 

r SHORT CIRCUIT HOTLINE -s 
Building a current ham radio project? Call the 

Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. We'll iet you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher's Log," April, 1984, page 6, for 
details.) 

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2-30MHz 12V r = 28V) 
PIN Rating Ea. Match Pr 

MRF406 20W $14.50 $32.00 
MRF412 BOW 18.00 40.00 
MRF412A SOW 18.00 40.00 
MRF421 100W 25.00 54.00 
MRF421C 110W 27.00 58.00 
MRF422" 150W 38.00 82.00 
MRF426' 25W 17.00 40.00 
MRF426A* 2SW 17.00 40.00 
MRF433 13W 14.50 32.00 
MRF435* 150W 42.00 90.00 
MRF449 30W 12.00 27.00 
MRF449A 30W 11.00 25.00 
MRF450 50W 12.00 27.00 
MRF450A SOW 12.00 27.00 
MRF453 60W 15.00 33.00 
MRF4S3A 60W 15.00 33.00 
MRF454 80W 16.00 35.00 
MRF454A SOW 16.00 35.00 
MRF455 60W 12.00 27.00 
MRF455A 60W 12.00 27.00 
MRF458 80W 18.00 40.00 
MRF460 60W 16.50 36.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.50 8.00 
MRF477 40W 13.00 29.00 
MRF479 15W 10.00 23.00 
MRF485* 15W 6.00 15.00 
MRF492 90W 18.00 39.00 
SRF2072 75W 15.00 33.00 
CD2545 50W 24.00 55.00 

Selected High Gam Matched Quads Available 

VHF TRANSISTORS 
Type Rating Ea Matci/Pr 

MRF221 15W $10.00 — 

MRF222 12W 12.00 — 

MRF224 40W 13.50 $32.00 
MRF231 3.5W 10.00 — 

MRF234 25W '-..00 39.00 
MRF237 1W 2.50 — 

MRF238 30W 12.00 — 

MRF239 30W 15.00 — 

MRF240 40W 16.00 — 

MRF245 SOW 25.00 59.00 
MRF247 SOW 25.00 59.00 
MRF260 5W 6.00 — 

MRF264 30W 13.00 — 

MRF492 70W 18.00 39.00 
MRF607 1.8W 2.60 — 

MRF627 0.5W 9.00 — 

MRF641 1SW 18.00 — 

MRF644 25W 23.00 — 

MRF646 40W 24.00 59.00 
MRF648 60W 29.50 69.00 
SD1416 SOW 29.50 — 

SD1477 125W 37.00 — 

2N4427 1W 1.25 — 

2N594S 4W 10.00 — 

2N5946 10W 12.00 — -

2N6080 4W 6.00 — 

2N6081 15W 7.00 — 

2N6082 25W 9.00 — 

2N6083 30W 9.50 — 

2N6084 40W 12.00 29.00 
TMOS FET 

MRF137 30W $22.50 — 

MRF138 30W 35.00 — 

MRF140 1S0W 92.00 — 

MRF150 1S0W SO.OO — 

MRF172 SOW 65.00 — 

MRF174 125W 88.00 — 

Technical Assistance & cross-reference 
information on CD. PT. RF. SRF. SD P/Ns 
Call Engineering Dept. (619)744-0728 

RF Parts Ca ta l og Ava i lab le 188 
O E M & Ouant i ty D iscoun ts 

M i n i m u m Order $ 2 0 A d d $ 3 . 5 0 Sh ipp ing 
W E SHIP S A M E D A Y C . O . D . ( V I S A / M C 

ORDERS ONLY: 800-854-1927 

h m 
U I H T C O m 

1320 Grand Ave. San Marcos 
Cal i fo rn ia 92069 (619)744-0728 
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short circuits 
solar power 

In the article, "Complete Solar 
Power for your ham station," by 
NH6N, (December,-1984, page 22, the 
note in f ig. 6 should be changed to 
read: "Adjust P-1 to have comparator 
go low at 0.5 A or greater as desired." 

VIC-20-/ASR-33 printer 
In the September, 1984 issue a line 

of coding was inadvertently omitted 
from the program listing in W2QLI's 
ham note, "VIC-20 printer" (page 88). 
210 GET B$ should be inserted be-
tween lines 200 and 220. Other than 
that, both figs. 1A and 1B are correct 
and the circuit/software combination 
should work. 

The following additional information 
provided by the author should also aid 
in joining micros to teletype machines: 

"One does not have to use the 9-pin 
terminal strip under the call box on the 
ASR-33. Socket No. 2 at the end of 
the call box on the ASR-33 has 15 pins 
(see f ig. 1) and is easy to get at. These 
pins are connected to the terminal 
strip. Radio Shack sells a 12-pin plug. 
All one has to do is cut the top off the 
plug so that it will fit the 15-pin socket. 

"I believe the interface will work 
with the Commodore 64 or any other 
micro, that has the necessary outputs 
and can accept the listing. (It should 
also be possible to use the ASR-35 and 
ASR-43.) 

" I ran a big Centronics 101A printer 
using the fig. 1B interface. It required 
2400 baud. (The ASR-33 provides 110 
baud, ASCII.) I have other software for 
the VIC-20-to-ASR-33 such as "screen 
dump," "save on tape," and "run to 
the ASR-33." 

The nice feature of this VIC-20-to-
ASR-33 is that it works both ways. 
Type on the VIC-20, and it prints on 
the paper of the ASR-33; type on the 
ASR-33 keyboard, and it appears on 
both the screen and paper." 

r SHORT CIRCUIT HOTLINE -> 
Building a current ham radio project? Call the 

Short Circuit Hotl ine any t ime between 9 A M and 
Noon, or 1 to 3 PM - Eastern time - before you 
begin construction. We'l l let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher's Log / ' Apri l , 1984, page 6, for 
details.) 

6 0 3 - 878• 1441 ' 

CCMPUTERCMYIH 
Now there's a hardware magazine 

that's all about computers for people 
who like to build their own. Computer 
Smyth's premiere issue is coming in 
March 1985, providing all the pleas-
ure, economy and satisfaction of 
build-it-yourself projects that Hams 
know so well. 

Our authors take you inside the 
chips, talk about what they do and 
how they're controlled, and explain 
command options you may never have 
heard of before. Computer Smyth's 
first quarterly issue begins a series on a 
complete Z80 based computer on 
three 4x6 Vi" boards, which lets you 
interface 3 V*, 5 V* and 8" floppy disks 
in all densities and track configura-
tions, John Adams' series will include 
a switching power supply, a PROM 
burner, a modem and software options 
for this rack-mount system. 

The first issue will also feature an 
X/Y plotter you can build, an inex-

pensive motorized wire-jvrap tool and 
much more. 

During its premiere year, Computer 
Smyth will survey the more than two 
dozen computer kits now available in 
the US. Kit builders will report on 
many of them from the simplest Z80 
CPU offerings to some of the newest 
68000, 32-bit machines. 

Computer Smyth is published by 
Audio Amateur Publications, publish-
ers of Audio Amateur and Speaker 
Builder magazines. All three are 
reader-centered, hardware-intensive 
publications whose editors believe that 
a magazine's primary job is satisfying 
the reader not consumer marketing. 
Our magazines are run by tech enthu-
siasts not MBAs looking for profits. 

Computer Smyth's editors guaran-
tee that if you are unhappy with Com-
puter Smyth for any reason, your 
money will be refunded upon request. 

• Yes, enter ray subscription to Compu-
ter Smyth for one year at $15. 

O Check enclosed. 

HZ! Make that two years at $25. 

ED Charge to credit card. 

Name 

Street & No. 

Town 

MC/V1SA Card 

Expire 

State Zip 

_Signature _ 

Computer Smyth Magazine 
PO Box 176 Peterborough, NH 03458 

Charge card orders: (603) 924-9464 
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SPRING CLEARANCE IC-745 NPBm SUPER SAVINGS !!! 

Confl ict us for ol! of your amateur radio needs 
FEATURING: 

ICOM, AEA, LARSEN, VAN GORDEN, VIBROPLEX, 
NYE-VIKING, F A L C O N COMM., LEADING EDGE, 
ARRL PUBLICATIONS, KALGLO, HAMTRONICS, 
PROWRITER, ELEPHANT DISKS, RAMSEY ELECT. 

915 North Main Street r 
Jamestown, New York 14701 • re PH. (716)664-6345 
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WANTED: Old Crosley Radio Model 50, 51, 52, & "Pup". 
K4NBN "No Bad News". 

market 
RATES Noncommercial ads 10« per word; 

commercial ads 60<t per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

YAESU 101E. Used 2 weeks. Just like new. Guaranteed 
perfect with spare tubes. First $500.00. W1CPI. (401) 
789-1817 

CX7 REPAIRS. 415-549-9210 

NEED RF Design May, June, July, August, September, 
October 1984 intact. Joseph Hinkle, Route 1, Box 2647, Lopez, 
Washington 98261. 

TRAVEL-PAK QSL KIT — Converts post cards, photos to 
QSLs. Stamp brings circular. Samco, Box 203-c, Wynantskill, 
New York 12198. 

TRADE King Air KX-160 Nav/Com, 360 channel com 100 
channel Nav with KI-201 VOR indicator and KS-505 power 
supply — removed working. Want 2 meter gear or what have 
you? Tom Johnson (206) 675-8229. 

CUSTOM MADE embroidered patches. Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Oept. 301, 4202 N. 
Drake, Chicago, IL 60618. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 
Kaon Ueber 
Poatiach 24S4 
D-7850 Loarrach 
West Germany 
Ham Radio Belgium 
Stereohouse 
Brussetsesteenweg 4 i6 
B-9218 Gent 
Belgium 

Ham Radio Holland 
Poatbus 413 
NL-7800 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 
S-1W 02 Uppfands Vasby 
Sweden 
Ham Radio Prance 
SM Electronic 
20 bis. Ave des Clarions 
F-89000 Aoxerre 
France 

Ham Radio Germany 
Karin Ueber 
Poatfach 2454 
0-7850 Loerrach 
West Germany 

Canada 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices in Canadian funds 
i yi $29 95. 2 yrs. $53.30 
3 yrs $75 40 

Ham Radio Italy 
Via Porderwrrt 17 
1-20132 Milano 
Italy 

Ham Radio Switzerland 
Kann Ueber 
Postfach 2454 
0-7850 Loerrach 
West Germany 

Ham Radio England 
c/o fi S.G a 

Alma House 
CranborM Road 
Pollers Bar 
Herts EN6 3JW 
England 

Holland Radio 
143 Greenway 
Greenside, Johannesburg 
Republic of South Alnca 

FERRITE experimenters kit, 25 piece assortment of ferrite pot 
cores and bobbins of various sizes with spec sheets $5. Power 
supply Hit. delivers 12V at 3A. All parts necessary (less case) 
includes transformer, diodes, heat sink, pass transistor, etc., 
with schematic and instructions, $8. Tektronix dual trace 
plugin Model CA $40. Ml postpaid. David Roscoe, W1DWZ, 
49 Cedar Street, East Bridgewater, MA 02333. (617) 378-3619. 

FALCON amps at low prices. NCN Electronics. (201) 
731-9506. 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed, $41.00. Send 
stamp for details W6UUR, 1025 Wildwood Road, Quincy, Ml 
49082. 

NEW VLF CONVERTER by K1RGO covers 2 kHz to 500 kHz. 
AM broadcast rejection > lOOdBat 1 MHz, i-l rejection 130 
dB. 3.5-4.0 MHz {L-101/80) or 4.04,5 MHz (L-101/70) i-f tuning 
available. $49.00 postpaid cont. US. Free bochure. LF 
Engineering Co., 17 Jeffry Rd., East Haven, CT 06512. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdafe Way, San Diego, CA 92117 
SASE brings information. 

FTdx570, clean, $300; PS/Spkr/Cabinet for Galaxy V MKfll, 
$35; Ameco TX86, no PS, $15. Want good Drake R4 (A, B 
or C). Bernard Pollock, 1330 SE Walnut, Hillsboro, OR 97123. 
(503) 648-1857. 

REPAIR, ALIGNMENT, calibration. Collins written estimates 
$25; non Collins $50. KlMAN (207) 495-2215. 

ATLAS 350XL owners group. Send QSL card with s/n your 
rig. Know anyone who repairs them? Have any technical in-
formation to share? Any questions? Rod, N5NM, Box 2169, 
Sanfa Fe, NM 87504. 

CHASSIS and cabinet kits. SASE K3IWK. 

SCHEMATICS: Radio receivers 1920/60's. Send name brand, 
model, SASE, Scaramella, P.O. Box 1, Woonsocket, Rl 
02896-0001. (602) 897-2534. 

RADIO, Radar scope operators, plotters, radio radar 
maintenance men, cooks, truck drivers, officers, enlisted men 
and others who are ex-members of the 574th, 565th S.A.W. 
Bns The 3rd reunion will be held in Dayton, Ohio July 1985 
Meet some of your buddies there. For details write to Angel 
M, Zaragoza, W6ZPR, 1571 9th Street, San Bernardino. CA 
92411. 

COLLECTOR needs Sig. Corps tubes with VT numbers. Tell 
me what you have and your price SASE for my want list. Hart 
York, Box 365, Fontana, CA 92335. 

USED Heath Courses wanted by General class ham study-
ing for Extra and eager to really learn electronics, not just 
memorize Q&A guide. Must be economical. Doris, KA9RQB, 
325 N. 14th, Manhattan, KS 66502. (913) 539-7864. 

HAM RADIO Magazine collection: Bound volumes 1972,1973, 
1974 and 1975. In HR binders 1976, 1977, 1978 and 1979. 
$120 tor lot plus UPS shipping US only. W4UCH, Box 1065, 
Chautauqua, New York 14722 (716) 753-2654, 

1.3 GHz PRE-SCALER KIT Upgrade counter read 10-1300 
MHz. Divide by 4 $24.95 postage paid M/C-ViSA-COD. 
Guaranteed. Digital Instruments, 636H Sheridan Or., 
Tonawanda, NY 14150. 

WANTED: Old microphones, remote mixers other mtsc related 
items. All pre-1935. Sox Paquette, 107 E. National Avenue. 
Milwaukee, Wf 53204. 

1.3 GHZ FREQUENCY COUNTER-READS 1296 MHz. 
Freq-lOHz to 1.3 GHz. Sensitivity 10 MV. 1 GHz RF shielding 
metal case 8.4" digits. $249.95. M/C-VISA-COD. Guaranteed. 
Digital Instruments, 636H Sheridan Dr., Tonawanda, NY 
14150, 

CONSIDERING Arizona DXCC QTH? Wilson 61 ft. crankup/tilt-
over tower with rotating base fixture is at 3741 West St. John 
Road, Glendate, AZ 85308. Tower negotibte with sale of this 
very attractive 6 year otd home in a better NW Phoenix 
neighborhood. Your XYL will love the tug country kitchen and 
split bedroom floor plan. Below market price at $79K. Send 
SASE or phone (602) 938-2077 for details. Sorry, no collect 
calls. W2GOB. 

ELECTRON TUBES: Receiving, transmitting, microwave . . . 
all types available. Large stock. Next day delivery most cases. 
Daily Electronics. PO Box 5029, Compton, CA 90224. (213) 
774-1255. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY, Cardiff, CA 92007. 

Coming Events 
ACTIVITIES 
"Places to go..." 

OHIO: Dayton Hamvention, April 26, 27, 28, Hara Arena and 
Exhibition Center, Dayton. Admission $8 advance. $10 at door. 
Good for all three days. Banquet $14 advance, $16 at door. 
Flea market space $17 in advance for all three days. 
Technical, ARRl and FCC forums. New products and exhibits. 
Special group meetings. YL forum. International VHF/UHF 
conference. Amateur of the Year Award Special achievement 
awards, Pre-registration starts January 1, 1985. For further 
information; Dayton Amateur Radio Association. Box 44, 
Dayton. OH 45401 or phone (513) 433-7720. 

NEW JERSEY: The Delaware Valley Radio Association's 13th 
annual Amateur Radio and computer equipment flea market, 
Sunday, March 17, 8 AM to 4 PM, New Jersey National Guard 
112th Field Artillery Armory, Eggerts Crossing Road, Lawrence 
Township, Trenton. Advance registration $2.50, $3.00 at the 
door, Indoor and outdoor flea market area, dealers, and 
refreshments. Sellers bring own tables. Talk in on 146,52 and 
146.07- 67 repeater. For rickets and space reservations: 
KB2ZY, Box 441B, RD#1, Stockton, NJ 08559. Please SASE. 

ILLINOIS: LAMARSFEST '85 sponsored by the Libert yville 
and Mundelein Amateur Radio Society, Sunday, March 31, 
Lake County Fairgrounds, Grayslake. Doors open 8 AM. Set 
up 6 AM. Advance admission $2.00. $3.00 at the door. Indoor 
exhibits, code speed efficiency testing, free parking. Talk in 
on 146.94 simplex — 147.63-03 Waukegan Repeater. For in-
formation and reservations". LAMARS, Box 751, LibertyviHe, 
IL 60048. 

ILLINOIS: The Sterling-Rockfalls Amateur Radio Society's 
Silver Anniversary Hamfest, March 10, Sterling High School 
Fieldhouse, 1608 4th Avenue, Sterling. Commercial distribu-
tors, dealers, free parking and a large flea market. Space for 
self-contained RV's overnight Advance tickets $2.00. At door 
$3.00. Tables requiring electricity and all commercial tables 
$5.00. Others $3.00. For tickets, tables or information: Sue 
Peters, KA9GNR, PO Box 521, Sterling, IL 61081 (815) 
625-9262. Talk in W9MEP 146.25/85. 

OHIO: The Lake County Amateur Radio Association's seventh 
annual Lake County Hamfest and Computerfest, Sunday, 
March 31, Madison High School, Madison. 8 AM to 4 PM. Ex-
hibitors 5:30 AM. Admission $3.00 advance and $3.50 at the 
door. Table and display space $5.00/6' table; $6.50/8' table. 
Plenty of free parking and all display space is indoors. Talk 
in on 147.8I/.21. For information/reservations: SASE to Lake 
County Hamfest Committee, 713 W. Jackson, Painesville, 
Ohio 44077. (216) 952-9784. 

INDIANA: The Indiana Hamfest (formerly the Martinsville 
Hamfest) sponsored by the Morgan County Repeater Associa-
tion will be held March 10 at the Indiana State Fairgrounds 
PaviHion Building, Indianapolis. Admission $5.00 at the door. 
Premium table $40.00. Flea market table $8.00 Flea market 
space only $3.00. All tables by advance reservation only. 
Reserved table setup Saturday, March 9 from 3 to 9 PM. 
Space setup Sunday, March 10,6 to 8 AM. Free parking. Talk 
in cm 145.25. For table reservation or information SASE before 
March 1 to Aifeen Scales, KC9YA, 3142 Market Place, 
Bloomington, IN 47401. (812) 339-4446. 

PENNSYLVANIA: The third annual Southern Alleghenies 
Hamfest, sponsored by the Bedford, Altoona, Somerset, PA 
and Cumberland, MD Amateur Radio Clubs and Blue Knob 
Repeater Association. Sunday, April 14, 7 AM to 4 PM, 
Bedford County Fairgrounds. Admission $3.00. Tables $5.00 
each. Tailgating $2.00. Dealers' setup Saturday, April 13. Talk 
in on Bedford Repeaters 145.49/69, 444.2 + 5 MHz and 
146.52 simplex. For information: Joel Cunard, KB3TR, RD 6, 
Box 104, Bedford, PA 15522. (814) 623-9697. 

MASSACHUSETTS: The Wellesley Amateur Radio Society's 
annual Spring Auction, Saturday, March 30, Wellesley Hills 
First Congregational Church, 207 Washington Street, 
Wellesley Hills. Check-in starts 10 AM. Auction 11 AM. Com-
mission 15% with $1 minimum and $30 maximum. Food and 
drink available. No admission charge and plenty of free park-
ing Talk in on 147 63/03. For information: Nels Anderson, 
K1JR, (617) 872-5259. 

ILLINOIS; Computer Central. Show and Swap. Sunday, March 
3, Rand Park Field House, 2025 Dempster, Des Plaines. In-
formation (312) 940-7547. 
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CALIFORNIA: The Tri-Counly ARA in cooperation with the 
Greater Los Angeles AR Group will conduct Amateur Radio 
exams in Pomona, Saturday, March 2 Pre-registration is re-
quired by February 16,1985. Send completed FCC form 610, 
a copy of Amateur Radio license and SASE toT.C A.R A., PO 
Box 142, Pomona, CA 91769 

ILLINOIS: The 19th annual Rock River ARC Hamfest, 
Sunday. March 31, Lee County 4-H Center. Doors open 8 AM 
Advance ticket donation $2.00. $3.00 at gate 8' tables $5.00. 
Inside flea market space $3.00. Lunch will be served. Camp-
ing space available at a nominal charge. Talk in on 146.37/97 
and 444.700/449.700. For tickets, tables, space or information: 
Shirley Webb, KA9HGZ, 618 Orchard St., Dixon, IL 61021 
(815) 284-3811. Advance tickets available until March 15. 

NEW JERSEY: The Split Rock Amateur Radio Association's 
annual Ham Auction, March 8, VFW Post 3401, Tabor Road, 
Rt 53, Morris Plains. Doors open 7 AM. Auction starts 8 AM 
Plenty of tree parking. For information: PO Box 3. Whippany, 
NJ 07981 or K2RF Repeater 146.385/146.985. 

OHIO: The Cincinnati OCWA Chapter 9's annual banquet in 
conjunction with the OOTC and the Dayton Hamvention, 
Friday, April 26,7:30 PM, Neils Heritage House, 2189 S. Dixie 
Drive. For reservation and tickets ($12.50 pp) contact: Bob 
Dingle, Sec/Treas., 657 Dell Ridge Drive, Dayton, Ohio 45429. 
(513) 299-7114. 

NEW JERSEY: The Chestnut Ridge Radio Club's Ham Radio 
flea market, Saturday, March 30, Education Building, Saddle 
River Reformed Church, East Saddle River Road and Weiss 
Road, Upper Saddle River. Tables $10.00 for first. $5.00 each 
additional. No admission fee. For information: Jack Meagher, 
W26HD, (201) 768-8360 or Roger Soderman, KW2U (201) 
666-2430. 

NEW HAMPSHIRE: The Interstate Repeater Society's annual 
Flea Market, Saturday, March 16, Lions Club, Lions Avenue, 
Hudson. Talk in on 146.25/85 and 146.52 simplex. For table 
reservations'. Interstate Repeater Society, PO Box 693, Derry, 
NH 03038. Or call Dick, WB8YGR (603) 889-3479. 

NORTH DAKOTA: The Red River Valley and N.D.S.U. ARC's 
present "Hobbie Hi Tech 85", a Ham Radio/Computer show 
and swap meet, March 30, 8 to 5, Army National Guard 
Armory at Hector Field, Fargo. Reserved tables: Commercial 
$20; non-commercial — full $5.00, 1/2 $3.00. FCC exams by 
pre-registration. Talk in on 16/76. For information: Tim 
Gooding, WD9GUR, Event Chairman, 1006 Sheyenne Street, 
West Fargo, ND or call (701) 282-6630. 

MASSACHUSETTS: 19/79 ARA of Chelsea will hold its an-
nual flea market, Sunday, March 24, 11 AM to 3 PM. Ryan 
Hall at Ireson Building, 493 Western Avenue (Route 107) Lynn. 
Sellers setup 10 AM no admission charge. General admission 
$1.00, Table $6.00 advance or $8.00 at the door. For table 
reservations send checks lo 19/79 ARA, POBox 171, Chelsea, 
MA 02150. 

19/79 ARA is sponsoring all level FCC exams, Saturday, 
March 16, Ryan Hall, Ireson Building, 493 Western Avenue 
(Route 107) Lynn, MA, 10 AM to 1 PM. For General, Advanced 
and Extra send form 610 with check for $4.00 payable to 
ARRL/VEC, 30 days prior to exam to Ralph Gandolfo, KA1E, 
18 Murdock Drive. Peabody, MA 01960. For Tech, same re-
quirements but send check and form 610 to Bob Kalustian, 
WA1DVR, 36 Columbia Road, Arlington, MA 02174. Novice 
there is no fee and walk-ins will be accepted but prefer prior 
registration. Send to Bob Kalustian at above address. 

NEW JERSEY: The Shore Points ARC invites everyone to 
Springfest '85, Saturday, March 30, Atlantic County 4-H 
Center. Egg Harbor City, about 15 miles west of Atlantic City, 
9 AM to 2 PM. 

OPERATING EVENTS 
"Things to do..." 

MARCH 23-25: 8.A.R.T.G. Spring RTTV Contest, 0200 GMT 
Saturday, March 23 to 0200 GMT Monday. March 25. Total 
contest period is 46 hours but no more than 30 hours of opera-
tion is permitted Bands. 3.5. 7 0, 14.0, 21.0 and 28 MHz. 
Messages will consist of Time GMT (must be full 4 figure 
group) RST and message number (must consist of 3 figure 
group and start with 001 for 1st contact). Send contest or 
check log to: Peter Adams. G6LZB, 464 Whippendell Road, 
Watford. Herts, England WD1 7PT. 

APRIL 13-14: The IISS Becuna, a Work) War II Submarine, 
and the USS Olympia. Admiral Dewey's flagship, will be on 
the air from 1300Z Saturday to 2000Z Sunday. For a beautiful 
certificate please send business size SASE to Olympia Radio 
Amateur Club, PO Box 928, Philadelphia, PA 19105. 

SATELLITE HANDBOOKS 
I N T R O D U C T I O N T O S A T E L L I T E TV 

by Chris Bowick, WD4C and 
T i m Kearney, N Z 4 Q 

Forty years ago, the most sophisticated piece of 
electronics in the average home was an AM radio. 
Today, many homes are set up with state-of-the-
art receivers designed to pluck signals from 
satellites orbiting 23,000 miles in space. Instead of 
getting into a nuts and bolts approach to TVR0, 
this book gives you a broad overview of TVR0 in 
general with emphasis on home use. Chapter 1 
covers TVR0 background and gives a generalized 
explanation of what TVR0 is all about. Chapters 
2-4 give you a braod overview of the equipment 
used to transmit and receive TVR0 signals. Three 
appendixes also cover 0BS, locating satellites and 
a glossary of TVR0 terms. 1st edition. ©1983 
142 pages. 
• 2 1 9 7 8 Softbound $9.95 

Foreign orders shipped F O B Greenville. 

T H E S A T E L L I T E TV H A N D B O O K 
by Anthony T . Easton 

Answers virtually any question you might have on 
satellite TV. This new book gives you a complete 
overview of the satellite service, how satellites 
work, what programming is available, who oper-
ates the various satellites, networks and stations, 
how to engineer and install a system, and the 
legal background of TVRO. For the "homebrewer", 
there is a section on building your own TV dish 
and receiver for around $600. You also get a sec-
tion about the non-television services Irom satel-
lites — radio feeds, teletext, newswire and infor-
mation on DXing international satellites. ©1983 
439 pages First edition 
• 2 2 0 5 5 Softbound $16.95 
Please enclose $3.50 for shipping 

H A M R A D I O ' S B O O K S T O R E 
G r e e n v i l l e , N H 0 3 0 4 8 

From Texas Instruments 
UNDERSTANDING SERIES™ 

For those who want to learn easily and quickly about today's fast paced 
world of electronics. Each book has been written with the beginner in 
mind. Explanations are in clear precise terms and are fully illustrated to 
help the reader learn the information being presented. Teachers will want 
to use these books for text material, newcomers will want to have them in 
their library for reference. 

Understanding Microprocessors 
By Don L . Cannon and Gerald Luecke 
How microprocessors work and what they can do is 
something that you need to know. This text starts 
with an overview of the world of digital electronics 
and covers the basic concepts of microprocessor 
systems, how digital ICs provide systems functions, 
fundamentals of microprocessors, system applica-
tion with SAM (simplified architecture micro-
processor), programming basics and 8 and 16 bit 
microprocessor applications. Written in an easy-to-
read style with plenty of "hands on" projects. 
© 1984 Second Edition 288 pages. 
• TI-MP Softbound $14.95 

Understanding Communications 
Systems 
By Don L . Cannon and Gerald Luecke 
Here's a book that will answer just about any ques-
tion you have ever had about communications sys-
tems. Written in a tutorial style, this book covers 
basic communications concepts, conversion func-
tions, system techniques, applications and more in 
10 complete easy-to-read chapters. The following 
transmission methods are discussed; AM, FM, PCM, 
PDM, TDM, TV and Facsimile. Satellite systems are 
covered in detail. Great text for newcomers to Ham 
Radio. © 1984 2nd edition 288 pages. 

• TI-UCS Softbound $14.95 

Understanding Digital 
Electronics 
By Gene McWhorter 
This book tells you all you need to know to under-
stand the basics of digital electronics. Vou start with 
a look at how digital electronics systems work and 
progress through AND, OR, NOT, NAND and NOR 
gates. You then learn decision making, logic and 
memory fundamentals. Digital mass storage is ex-
plained with information on static, dynamic, RAM and 
ROM systems. There is much more to ttiis book than 
can be explained in this short description. You'll have 
to get one to see how complete it is. © 1984 2nd 
Edition. 
• T I - U D E Softbound $14.95 

Understanding Data Communica-
tions (Includes Packet Information) 
By G . Friend, J . L . Flke, H . C . Baker and 
J . C . Bellamy 
This book covers the basic concepts of data 
transmission and reception, asynchronous and syn-
chronous protocols, error control and networking 
data communications systems. Data terminals are 
fully discussed as are message and transmission 
terminals, both synchronous and asynchronous 
modems and interfaces, fiber optics and satellite 
communications systems. Packet Networks are 
covered with information on X.25 switching architec-
ture. You also get the recommended X Senes stan-
dards. A wealth of information. © 19841st edition 
272 pages. 
• TI-UDC Softbound $14.95 

Understanding Digital 
Troubleshooting 
By Don L . Cannon 
This book has been written to explain the mysteries of 
repairing dipital electronic circuits. Starting with fun-
damentals like binary/hexidecimal conversions and 
Ohm's Law, this text progresses thru the most 
esoteric aspects of digital repair in a logical step-by-
step manner. The chapter on troubleshooting funda-
mentals starts with a review of the most common 
problems that will be encountered such as opens and 
shorts and concludes with signal tracing techniques. 
You also get a full explanation of how to use logic 
probes and clips. 2nd Edition © 1984 272 pages. 
• TI-UDT Softbound $14.95 

Buy all 5 books 
Reg. $74 .75 

Special $69.95 Save 

Please add $3.50 for shipping and handl ing 

HAM RADIO'S BOOKSTORE 
Greenville, N H 03048 
(603) 878-1441 
Prices US Funds Only 

March 1985 ffl 157 



THE GUERRI REPORT^ .fef 
In the late 1950's the aerospace in-
dustry began to implement the idea of 
using electronics to diagnose and 
recommend solutions to problems in 
complex aircraft and missile systems. 
Because the crew workload in the B58 
jet bomber was so demanding, for ex-
ample, recorded voice warnings were 
used to alert the pilot to failures in 
critical systems — engine fires, loss of 
hydraulic fluid pressure, and so on. 

Although this type of non-human in-
tervention is indeed useful, its success 
depends largely on the premise that 
design engineers can anticipate all 
critical failure modes. The fact that 
many systems experience failures sug-
gests serious flaws in this premise. 

A more useful method of fault loca-
tion and correction would be a scheme 
that could "learn" the system of which 
it is a part, and then adapt its actions 
to respond to the status of the system 
elements. During the 1970's such 
methods were implemented using the 
processing power made possible by 
ICs and the beginnings of LSI. Term-
ed "expert" systems because they 
could make rudimentary logical deci-
sions about events that were not 
necessarily predetermined, such sys-
tems proved successful in "fault-
tolerant" computers aboard spacecraft 
in which no repairs would be possible 
during the planned life of the craft. 

In the 1980's, the advent of VLSI 
has enabled even more dramatic ad-
vances: the processing power now 

available allows the actualization of 
rudimentary "intelligent" systems. At 
this point a couple of clarifications are 
in order. Intelligent, in this context, 
refers to terrestrial carbon-based 
biological specimens, more specifical-
ly, average human intelligence. Pro-
cessing power is a squishy term; Dick 
Morley, an expert in artificial in-
telligence, points out that a Cray 
supercomputer could just about man-
age the flight dynamics activities of a 
bumble bee's landing. It takes a lot of 
processing to handle even the relative-
ly "routine" tasks we take for granted. 

Today's intelligent systems generally 
have the ability to learn from experi-
ence — that is, make a statistical de-
termination of the likelihood of subse-
quent events from a database of prior 
related events. During the rest of the 
1980's we can expect to see increas-
ed application of artificial (electronic) 
intelligence to industrial processes, 
medical instrumentation, test equip-
ment, and space exploration. 

Around the corner — sometime in 
the 1990's — we will begin to see the 
first devices with enough processing 
power to perform actual inference. 
These will be machines with enough 
memory and sufficient logic to make 
judgments based on their own 
experience. 

The Japanese ICOT supercomputer 
project is aimed in this general direc-
tion, and is expected to achieve its in-
itial goals by the mid-1990's. Similar ef-

forts are underway at several facilities 
in the United States. Further into the 
future, perhaps after the year 2000, we 
can expect to see machines with a 
greater capacity for inference than 
humans — probably based on speed 
and parallel logic — and with non-
human logic and communication algo-
rithmic approaches to problem solving. 
By about 2020 or 2030 we should have 
machines capable of experiencing 
emotion — although we may have dif-
ficulty recognizing it as such because 
of its radical divergence from human 
experience. Perhaps I should add that 
the machines may have difficulty 
understanding our emotions. Enter 
bionic shrinks! 

The most fruitful applications for 
such extensive computing power are 
not yet clear. We must also develop 
the parallel dexterity which will enable 
these devices to perform useful work. 
Each step in the development process 
will have its advances and setbacks. 
However, it is nearly certain that we 
are on the threshold of extending our 
intelligence to entities capable of 
transcending our own abilities. We 
needn't view this prospect as the cre-
ation of competitors — or as some 
might, the creation of our future mas-
ters — but rather as an opportunity to 
expand our horizons. 

It's nothing more — and nothing 
less. 
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matrix operation 

It started innocently enough. First there was a single response from Europe. "Yes, K2RR, you are being heard 
here and your signal is 5 and 9." Then someone broke in from the States asking if he could just exchange a signal 
report with the G station. Before you could say "phased 4-element vertical array" five times, the size of the group 
on frequency had swollen to 10 Europeans, 1 African, 1 New Zealander, and 400 U.S. stations, give or take a few. 

What ensued is what I like to call "matrix operation," whereby a number of stations across the Atlantic get an op-
portunity to talk to at least scores of U.S. stations in very short order. (Consider the phenomenon as a 12 by 400-term 
matrix and look at the large number of possible combinations and permutations — i.e. QSOs.) This is exactly what 
happened the other morning on 75 meter sideband during a 2-1/2 hour period in which a number of stations from 
Western Europe worked rare (for them) states like Nevada, Oregon, and Washington. It also provided many stations 
in the Western states the opportunity — possibly their first — to talk to Europe on 75 meters. 

So what does this prove? 
It proves that we ARE civilized, contrary to the impression some people might come away with after casually scan-

ning the lower HF bands these days. 
These days, more often than not, it appears that some normally decent, law-abiding Amateurs are willing to jam 

and curse each other out over a piece of precious modern "real estate" — our frequency spectrum — each claiming 
that he was there first. Others decide to make "critical" adjustments to their transmitters at full power while established 
QSO's are in progress. The overall result is that what was supposed to be a relaxing hour or so of operating turns 
into the nearest thing to bedlam, creating ill will - not only among ourselves in the States, but because of the long-
distance nature of propagation on the low bands nowadays, other countries as well. 

May I be so bold as to share with you some simple suggestions on how to improve low-band operation and keep 
the collective blood pressure down? 

LISTEN before transmitting. A local conversation might be taking place on frequency — or a DX contact might be 
occurring even though you can hear only the closer station. 

ASK whether the frequency is in use after you listen a bit. It's quite possible that even though you can't hear the 
stations clearly, they can hear you very well. 

ADAPT your operating procedure to the conditions at hand. For example, if a rare DX station is working four stations 
a minute and you manage to get his attention, don't monopolize him and the frequency with a long soliloquy. 

ADJUST your equipment for best performance (minimum distortion, spurs, chirp, drift, etc.). 

USE the minimum power necessary to establish and maintain the contact. Save money: leave your amplifier off as 
much as possible. 

BE CREATIVE. If conditions permit, enhance the rubber-stamp type of DX contact with information of genuine 
interest — but only if conditions permit (see "ADAPT"). 

DON'T BE CREATIVE. It is both amusing and sad to hear so many one-way conversations on frequency. The old 
adage, "If you can't hear them, you can't work them," still holds. 

CALL the least number of times. Don't try to be the last one heard. Listen to how some top operators do it; sometimes 
they drop their call in only once — but at the appropriate moment. 

DONT BROADCAST, communicate. There are plenty of interesting people out there who have something worthwhile 
to say. 

ENHANCE your knowledge of the band by listening, reading articles on propagation, and noting relationships be-
tween the WWV forecasted indices, geomagnetic field status and band conditions. 

OBSERVE established "windows." On 75 meters, for example, 3790-3800 is still the international DX window. Your 
signal at 3800.0001 (LSB), even if perfectly clean, will wipe out the possibility of DX contacts from 3800 down several 
kilohertz. 

LEARN at least a few words in another language. The joy of communicating is yours for the asking. 

Though my experience is based on years of operating on 75/80 meters, in general these principles apply to other 
bands as well. What about your favorite bands and modes? I am very interested in learning about the operating habits, 
procedures and standard and anomalous propagation modes specific to your band. Drop me a line. Who knows? A 
cumulative set of notes from these responses could evolve into a pamphlet useful to all. 

(Reader's responses to the February editorial "One Million Years of Experience, "in which we asked for your suggestions 
about how the growth of Amateur Radio might be encouraged, continue to pour in. Many thanks to all who've written 
— a detailed summary of your varied ideas will appear in a forthcoming issue. I 

Rich Rosen, K2RR 
Editor-in-Chief 
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AMATEUR RADIO DOES HAVE A FUTURE BUT A STRONG EFFORT MUST BE MADE to assure that 

future...that was the consensus of the all-day industry meeting held in Miami January 30, 
just prior to the Tropical Hamboree. About 40 people, representing many major manufac-
turers, several distributors, the principal Amateur publishers, and the ARRL attended 
the session, chaired by former HR Report editor Joe Schroeder, W9JUV. 

Amateur Radio Does Have Some Grave Problems, those attending agreed: the static U.S. 
Amateur population, an uncomfortably high rate of unrenewed licenses, the on-going problems 
of both manufacturers and dealers, and awareness that our influence in Washington seems to 
be waning, were just some of the symptoms that were cited. However, during the "off-the-
record, no attributions" discussion, a number of really worthwhile suggestions were made. 

An Aggressive Program To Attract Junior High School Youngsters was one of the key ideas 
—junior high science teachers can provide access to this group. Free passes to hamfests 
for youngsters, their teachers and/or parents was one suggestion, to be complemented by an 
industry-sponsored and staffed "This Is Ham Radio" booth to provide both an introduction and 
even "hands-on" experience for newcomers. Supplementing this effort will be an Amateur Radio 
"comic book" highlighting its "fun" aspects in an entertaining way. Also planned are "sales 
pitches" to the general public, directing a special effort toward responsible CB groups such 
as REACT and scanner organizations. The possibility of making the entry level more attrac-
tive, by adding limited Novice data and/or voice privileges, was also discussed. Greater 
dealer involvement, such as hosting training courses and club meetings, was also considered. 
A proposal that industry representatives sit on the ARRL board, to encourage closer ARRL-
industry coordination, was broached to ARRL representatives. 

Overall Attitude After The Grueling Session Was Upbeat, with those attending feeling 
that some very real progress had been made in overcoming Amateur Radio's current inertia. 
Volunteers from the group are already actively working on a number of the suggested programs, 
and progress reports on their efforts plus a discussion of future plans is scheduled for a 
Dayton meeting the Thursday evening before the Hamvention. 

FCC1S REPEATER FREQUENCY COORDINATION PROPOSAL will place prime responsibility for resolv-
ing repeater conflicts squarely on-operators of"uncoordinated repeaters. In the case of a 
dispute with two coordinated machines, both operators would share responsibility for its 
resolution equally. In its Notice of Proposed Rule Making, the FCC cited the rapidly in-
creasing number of repeater interference complaints it's received, and that the bulk of these 
problems seem to involve uncoordinated repeaters. 

The FCC Asks Amateurs To Consider A Number Of Key Questions in this potentially far-
reaching NPRM. For example, should coordination be mandated fn major urban areas? As an 
alternative, should narrow-band technologies and tone squelch be required to minimize the 
interference problem? Should the Commission recognize a "single national frequency coord-
inator," either on a national basis or as an "advisor" to local coordinators? 

A Blanket Moratorium On New Repeaters Initially Distracted Attention from the real issues 
until lifted by the FCC February 19. There had been some comment that the moratorium had 
simply confused the issue and was probably unenforceable anyway, and the ARRL (supported by 
the Tri-State Repeater Council) had petitioned the FCC to rescind the ban. 

Comments On The Repeater Coordination Docket, PR Docket 85-22, are due at the FCC July 1; 
Reply Comments will be due September 30. 

TEXAS HAS JOINED THE SHIFT TO 20 KHZ 2-METER SPACING, adopting the change by an 8:1 
margin at the February 16 meeting of the Texas VHF FM Society. The decision, which makes 
Texas the second state east of the Rockies to make the move, has been under consideration 
for some time. As yet, no timetable for the move has been established. 

Northern California And Minnesota Are Also Looking At The 20 kHz Plan. In California 
the Northern Amateur Relay Council has invited Clay Freinwald, K7CR, to-its April 13 meet-
ing at Concord to discuss the 20 kHz plan. K7CR is considered one of the fathers of the 
plan in the Pacific Northwest. Minnesota has 20 kHz on its April meeting agends, too. 

The Escalating Move T o 2 0 k H z Is Causing Concern In Europe where 2-meter FM operation on 
their 147::T5FTTOz¥an3_Tias traHitionaTTy "BeerTon centers. Some Europeans are worried 
that the Japanese, whose domestic 2-meter band is also on 20 kHz spacing, would drop 5-kHz 
step capability from their rigs if the U.S. market no longer needs it. 

TWO ESTABLISHED REGIONAL VECS ARE GOING NATIONAL. Both the DeVry Amateur Radio Society 
and Metroplex have applied for national status, Based on their experience and success in 
operating regional programs in the Ninth and Second call areas, respectively. The DeVry 
proposal is particularly interesting, as DeVry has campuses in seven other call areas that 
could serve as nucleii for its efforts in those areas. As the FCC's experience with both 
organizations has been excellent, their proposals should be accepted quickly. 

WARC BAND EXPANSION IS STILL HANGING FIRE, with some GMRS representatives looking into 
the possibility of carving a slice for personal radio from the new 902-928 MHz band. 

The Commission's Recent Turndown Of A Personal Radio Service at 900 MHz has also been 
challenged by the same group, who've Fi.led a Petition for Reconsideration with the FCC. 
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Amateur Radio — not 
what it used to be? 
Dear HR: 

As a lifetime subscriber, I have a few 
comments about K2RR's account of 
his maritime experiences ("Reflec-
tions," November, 1984, page 5). I 
was in the Merchant Marine during 
World War II, but as a fireman/water 
tender/oiler. I was discharged the day 
I was to get my commercial ticket and 
never went to sea again. 

K2RR only hinted at what is miss-
ing from Amateur Radio today. Gone 
is the clean language, the exchange of 
technical information, the invitations 
to visit (especially to mobiles), the hos-
pitality we used to have, and in short, 
good manners on the air. 

I'm glad I was born sooner and had 
the opportunity to enjoy Amateur 
Radio for the last 48 years. I had it at 
its best. 

Albert Kaufman, W1JVQ 
Bridgeport, Connecticut 

grid dipping 
Dear HR: 

Even though George A. Wilson, Jr., 
W10LP, in "Matching Dipole Anten-
nas," (May, 1984, page 129) made at 
least 24 separate references to GDO 
(Grid Dip Oscillators) and Grid Dipping, 
someone is certain to try substituting 
a solid-state dipper, (such as the 
Heathkit HD-1250 or one of several 
factory assembled versions) when ex-
citing the RF Bridge discussed in the 
article. In fact, with the solid-state dip-

user group agrees on 
23-cm band plan 

Over 100 users of the 23-cm band 
(1240-1300 MHz) reached agreement 
on an updated regional plan to serve 
the needs of the southern California 
area for the next three years at a meet-
ing in Orange County, California. Pres-
ent and participating at the meeting, 
sponsored by the Southern California 
Repeater and Remote Base Associa-
tion (SCRRBA), were representatives 
of all users' modes currently operation-
al, or likely in the future to require 
spectrum, on 23 cm. 

Each of the 23-cm band users' 
groups (ATV simplex, ATV repeaters, 
weak signal/experimental, FM voice 
repeaters/links, digital, satel-
lite/AMSAT, VRAC, VUAC, and 

1272 1275.5 

per far more prevalent today than the 
old vacuum tube grid dip oscillator 
(and interchangeable in most applica-
tions), no doubt a large number of 

SCRRBA! selected a representative to 
participate in a four-hour roundtable 
and negotiation session. The resulting 
plan — basically a modification of the 
existing plan — was prepared specifi-
cally for use in their region. Key stipu-
lations provide that the plan will remain 
in effect for the next three years, after 
which time a similar meeting will again 
be held to review the existing band 
utilization patterns, and that the fre-
quency allocations of existing users' 
groups will change only as new users' 
groups begin to operate on the band. 

Because the region leads the nation 
in terms of 23-cm band activity, 
SCRRBA suggests that the band plan 
shown in table 1 may be useful to 
other coordination councils in prepara-
tion of their own regional band plans. 

- SCRRBA 

FM repeater future expansion, 
ACSB systems, linear translators 

hams who build the RF bridge will end 
up frustrated and with no discernible 
"dip." 

While the solid-state dippers can be 

table 1. A comparison of present and modified 23-cm band utilization plans (courtesy 
SCRRBA, P.O. Box 5967, Pasadena, California 91107). 

band segment 
1240 - 1246 

1246 - 1248 

1248 - 1258 

1248 - 1251.5 

1251.5 - 1252 
1252 1258 

1258 - 1260 

1260 1270 

1270 1272 

1272 - 1282 

present usage 
ATV repeater (Channel 1) 
(1241.25 video carrier, 
VSB filtering required) 
narrow-band FM point-to-
point links (voice) 
ATV repeater (Channel 2) 
video carrier 1253.00 

narrow-band FM point-to 
point links (voice) 
satellite uplink 
ATV repeater (Channel 4) 
1277.00 video carrier 

FM (voice) 
repeater inputs; 
1271.000 "test pair" input 
ATV repeater (Channel 4) 
1177.00 video carrier 

new usage 
(initiated as needed) 

ATV repeat (Channel 1) 
(1241.25 video carrier, 
VSB filtering required) 
same plus narrow-band 
digital ( < 5 0 kHz BW) 

wideband digital 
(5*500 kHz BW) 
guard band 
ATV repeater (Channel 2) 
video carrier 1253.25, 
VSB filtering required 
same plus narrow-band 
digital (<r50 kHz BW) 
satellite uplink, plus 
non-coordinated simplex: 
experimental wideband, no 
repeater inputs/outputs 
FM (voice) 
repeater inputs; 
1271.000 "test pair" input 
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used to determine resonance, per the 
first part of George's article, it is not 
likely to provide enough excitation to 
obtain a reading with the RF bridge 
unless overcoupled, with sensitivity set 
at maximum, and with an extremely 
sensitive fiA meter used as the detec-
tor. Even a 50 nA meter will probably 
not allow a discernible "dip" to be 
obtained! 

A rough idea of a dipper's suitabili-
ty can be obtained by connecting a 
germanium diode and a small 2 to 
3-turn link in series across the /tA 
meter's terminals. Coupling the link to 
the dipper's coil should easily produce 
a full-scale reading. If it does not, the 
dipper cannot be used to excite the RF 
bridge. 

Robert G. Wheaton, W5XW 
San Antonio, Texas 

receiver input 
temperature 
Dear HR: 

Amateur Radio literature never men-
tions (or I've never seen) the temper-
ature contributed by a transmission 
line to receiver input temperature. 
None of this mattered with hot, noisy 
amplifiers, but it could matter signifi-
cantly with the low-temperature am-
plifiers coming into use. If someone 
can come up with a convincing argu-
ment that the transmission line adds 
no temperature of its own, I'd like to 
see it. Such a lipe would make an ideal 
cold-source for noise measurements. 

Picture the line as a string of small 
attenuators generating their own ther-
mal noise, which is sent in both direc-
tions along the line. The noise energy 
has an equivalent temperature at the 
line's ZQ, which is some fraction of the 
line's ambient temperature. 

I derived the temperature output 
for a small attenuator (0.1 dB, 6.769 
degrees K) and summed the cumula-
tive temp (with cumulative losses), 
generating a chart of temperatures for 
various losses. It closely follows the 
equation 

T = 298 1 - antilog ) degrees 

I deliberately ignored the possibility of 
any energy reflected from the antenna. 

This sugggests that 30 feet of 
RG-59B/U could add 127 degrees K at 
the input to a 432-MHz amplifier, and 
6 feet would do the same at 1296 MHz 
(approximately). 15 feet of 1/2 inch 
hard-line could add 36 degrees to the 
input at 1296 MHz. 

I'd like to hear if anybody has any 
thoughts or can suggest any refer-
ences on this. 

Martin Sample, WA6JTD 
PO Box 1245 

Tuolumne. California 95379 

ham radio 
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digital HF radio: 
a sampling of techniques 

Tomorrow's technology 
is at work 

in the military today 

fig. 1. P-3C AN/ARC-161 HF radio set. 

Thinking o( mililaiy communications equipment, one conjures up lhe 
image of sturdy, olive drab-colored, compact all inclusive designs that 
meet stringent operating requirements. On the other hand, when one 
thinks of Amateur Radio equipment, a different picture comas to 
mind. Instead ol the predictable "military" designs, one imagines a 
diversity of commercial homebrew items with little uniformity of 
design or form. 

But which spectrum environment - miEtary or Amateur is more 
congested? Which demands more stringent operating requirements? 
The answer is not obvious. 

From his unique vantage point as president of Communications 
Consulting Corporation, Dr. Rohde, an experienced receiver designer 
and active ham provides insight into how military equipment designers 
solve their problems of congested spectrum using the most 
sophisticated techniques and materials. Some circuits will doubtless 
appear in Amateur Radio applications perhaps a few may already 
have done so. 

- Editor. 

18 QS Apri l 1985 

Until recently, HF radios for the military (fig. 1) 
have been designed and built in the traditional analog 
way, with selectivity obtained through the use of LC 
or crystal filters in the IF section and active filters in 
the audio frequency section. These radios have been 
used for point-to-point operation where only infre-
quent change of operating frequency was required. 
In addition, these point-to-point connections were 
used with constant output power. 

In order to meet communications goals for 1985 and 
beyond, particularly in military applications, modern 
HF equipment must be adaptive, frequency agile and 
capable of supporting secure digital voice communica-
tions. It must be capable of operation on both a point-
to-point and networked basis as well. Adaptivity is 
needed both to control transmitter power to a level 
no greater than required for the connection, and to 
select frequencies which provide good propagation 
with a minimum of interference. 

Frequency agility is desirable in the event of 
deliberate jamming or rapid change of propagation 
conditions. Transceivers must have the ability to 
change frequency rapidly enough to adjust to changes 
in environment. While propagation conditions normal-
ly change relatively slowly, avoiding a jammer requires 
a repetitive fast change of frequency called frequen-
cy hopping. For a jammer to be effective in disrupting 
communications, it must either be extremely power-
ful, use a high-gain antenna, and cover a wide fre-
quency range, or operate narrowband and try to 
predict or detect the frequencies on which the frequen-
cy hopper is operating and jam only those. 

By Dr. Ulrich L. Rhode, KA2WEU/DJ2LR, 52 
Hillcrest Drive, Upper Saddle River, New Jersey 
07458 



Generally, the optimum hop rate for communica-
tion is determined by a trade-off between implemen-
tation cost and a combination of operating considera-
tions which include expected propagation delays 
(related to distances between jammer and com-
municators), capabilities of enemy direction-finding 
and jamming equipment, and required communica-
tions distances, bandwidths, and reliabilities. Taking 
all of the above into account, recent Army, Air Force, 
and Navy requirements have focused on hop rates in 
the range of several hundred to several thousand hops 
per second as needed to satisfy most military situa-
tions (actual rates are classified information). 
Frequency-hopped signals faster than 1 millisecond or 
so are difficult to locate with currently-deployed tac-
tical direction-finding hardware and would require a 
costly "Fast-Follow" jammer to track and jam the com-
munications on a hop-by-hop basis. 

other processing techniques required 
Often frequency hopping alone is insufficient to 

defeat deliberate jamming. Modern HF transceivers 
must be equipped with sophisticated signal process-
ing techniques that provide several levels of redundan-
cy and/or error correction capabilities. These techni-
ques, involving more complex circuitry and larger in-
stantaneous bandwidths, allow recovery of desired 
signals even in the presence of high levels of natural 
noise or deliberate jamming. The modern HF trans-
ceiver has an RF portion which must be "transparent" 
to the real brains of the transceiver, the digital signal 
processing circuits. 

Finally, military HF radios must be designed to sup-
port the transmission of secure voice and data. 
Although many techniques exist for manipulating 
analog voice signals to provide privacy, the U.S. mili-
tary has settled on the encryption of digitized voice 
as being both easier to accomplish and more secure. 
Also, to overcome frequency selective fading charac-
teristics of HF, techniques for digitizing voice have in-
cluded bandwidth compression as well. This is be-
cause narrowband signals suffer less distortion. What 
is sought is the lowest possible bit rate that produces 
acceptable speech quality when converted back to its 
analog form. 

voice encoding technique 
Linear predictive coding (LPC is the compression 

scheme currently favored by the U.S. military for HF 
links. Used at a bit rate of 2.4 kbps in the ANDVT 
(U.S. Navy Advanced Narrowband Digital Voice Ter-
minal), LPC encodes the voice as numbers derived 
from the instantaneous spectral characteristics of the 
voice. The numbers themselves have no relationship 

in an analog sense to the original voice signal, but they 
are used in an inverse process to produce an approxi-
mate analog signal resembling the original voice. The 
process is not unlike that used in children's toys that 
speak (e.g., "Speak and Spell"™). 

Present military standards have settled on LPC-10, 
a linear predictive coding/decoding algorithm which 
compresses 3 kHz speech to a 2 kilobits per second 
data stream. The algorithm uses a linear mathematical 
relationship to predict the value of each successive 
sample it is digitizing and hence the name. 

To make the compressed data secure, it is encrypted 
by combining it in a unique mathematical fashion with 
a string of numbers generated by a "key" generator. 
The result is a new succession of data carrying voice 
information encrypted by the "key" and the method 
of combining it with the voice data. 

At the receiver, demodulation depends on synchro-
nously detecting the transmitted bits even though they 
cannot yet be converted to intelligible voice. Then, by 
proper mathematical application of the same "key" 
used to encrypt the original data, the decrypted bit 
stream is applied to the inverse of the LPC process, 
and the spectrum-related numbers are converted back 
to analog speech. 

The entire process depends heavily on maintaining 
good channel quality so that accurate bit timing at the 
receiver may be achieved; the most important aspect 
is to preserve timing relationships. A decision at the 
receiver as to whether a received symbol (character) 
is a "one" or a "zero" must not be made during a sym-
bol transition period. As the data rate increases it 
becomes more difficult to insure that the receiver is 
making its decisions at the proper time. Decision 
errors, the result of distortion that occurs between 
characters (inter-symbol distortion) cause degradation 
in the overall system performance. Timing relationship 
distortions are the result of frequency selective phase 
shifts that arise from differences in path length as the 
signal component at each frequency passes through 
and reflects from different layers of the ionosphere. 
The narrower the instantaneous bandwidth of the 
radiated signal, the fewer the perturbations. Conse-
quently, the best results are achieved by using the nar-
rowest instantaneous bandwidth design. 

With simple forms of modulation such as a Binary 
FSK, Bi-Phase FSK, or even AM, 6 kHz or more band-
width would be needed to send the 2.4 kbps LPC 
signal. To fit the signal into a standard 3 kHz voice 
channel requires more sophisticated modulation 
schemes. For example, to achieve 1 Hz/bit packing 
density, ANDVT uses a 39-tone parallel modulation 
scheme. The 2.4 kbit data stream is split into a number 
of parallel data streams transmitted at a lower rate. 
According to the ANDVT algorithm, each of the 
slower streams modulates one or more of the 39 tones. 
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The resulting tones are summed in an analog summer 
and applied as conventional analog modulation at the 
exciter. 

This parallel modulation approach trades complex-
ity and transmitter efficiency for narrow bandwidth. 
The transmitter (at maximum power) has to be able 
to handle the case in which all tones add in-phase 
(maximum power out) and, as a result, must operate 
well below peak output power most other times. Com-
plexity results from having to handle parallel channels 
both at the transmitter and receiver. At the receiver, 
careful tracking of frequency and phase is needed to 
insure that demodulation of each tone occurs proper-
ly. Further, for the frequency hopping case, differ-
ences in path length at each frequency must be com-
pensated for on a hop-by-hop basis. Nevertheless, 
these techniques do work and are being incorporated, 
primarily in software-based modems into new military 
HF equipment. 

An alternate approach under study at RCA is a serial 
modulation scheme which processes blocks of data 
taken in sequence from the data stream. Each block 
is encoded as one of several tones. If 6 bits of data 
are taken at once and the modem has 64 (2s) available 
tones in a 3 kHz audio bandwidth to pick from, then 
each 6 bits of data determines which one of those 
tones is to be transmitted. The selected tone is trans-
mitted with a duration of roughly six times the original 
bit duration; the transmitter operates at full output 
power; and the instantaneous bandwidth, once the 
system is synchronized, is one-sixth that of the parallel 
scheme. This approach has been implemented and 
tested at RCA. Its penalties include a complex syn-
chronization and demodulation algorithm and a rather 
unique (and objectionable) on-air "signature." 

key digital building blocks 
Traditional analog circuit techniques are inadequate 

to meet the previously stated requirements. The mod-
ern HF transceiver must be based not only upon new 
intelligence, but on a new set of "building blocks" as 
well. Many of these building blocks are digital func-
tions performed entirely by software routines; others, 
involving high computational rates, are better im-
plemented by using dedicated digital hardware. Some 
of the more obvious building blocks include the 
following: 

Modems. Modems, in general, are required to 
process voice or data and to provide the necessary 
waveforms, usually at IF, to the exciter and receive 
them from the receiver. Selection of the waveform is 
critical since performance of the entire link depends 
on the features it possesses. The waveform is said to 
be "robust" if it has at least two levels of redundancy 
in its synchronization scheme. It must also have built-in 

error detection and correction as well as preambles, 
which allow channel quality measurements. In addi-
tion, the waveform may have to support a variety of 
data rates to maintain high quality information trans-
mission as link conditions degrade. 

Digital filters. For reasons of flexibility and perform-
ance, digital filtering is preferred in the IF and audio 
frequency sections of the transceiver. The ability to 
choose an appropriate filter type and time constant 
greatly simplifies modem design. Also, under software 
control, it is possible to have a digital filter assume any 
of the classic shapes or performance characteristics 
as required. Although either Chebyshev or Bessel char-
acteristics are generally used, others can be selected. 
On the negative side, use of sophisticated digital filters 
sometimes requires correction of group delay effects 
of any remaining LC or crystal filters in the transceiver. 
Also, real time digital filters require correspondingly 
fast high-resolution A-to-D and D-to-A converters as 
well as high throughput microcomputers. Two devices 
ideally suited to digital filter implementation are the 
Texas Instrument TMS-320 and the RCA (internally 
developed) high performance A T M A C II C M O S / S O S 
Processor. 

Frequency synthesizers. Sufficiently fast-switching 
frequency synthesizers cannot be easily implemented 
in the traditional analog form using multi-loop PLL 
synthesizers; instead, the direct digital synthesizer 
(DDS), to be described later, is required. The DDS 
features arbitrarily fine resolution and uses a cosine 
look-up table together with a microprocessor, a D/A 
converter, and a lowpass filter to generate such 
waveforms. The DDS can be built with switching 
times between 1 /xs and 50 iis, with the actual switch-
ing time dependent on the D/A converter and the 
number of glitches produced by the sampling and in-
tegration process. A limiting signal-to-noise ratio of 
about 75 dB, which has to do with the sample rate, 
is the current state-of-the-art. 

The direct digital frequency synthesizer output is 
mixed with the output of a conventional single-loop 
PLL synthesizer with wide loop bandwidth. This PLL 
then determines the settling time of the overall system. 

Agile antenna couplers. Since wideband antennas 
aren't commonly used, the transmitter or receiver has 
to be matched to the antenna on a hop-by-hop basis. 
The switching speed of the antenna coupler is thus 
part of the overall system switching time. Conventional 
relay couplers can be built with 10 ms switching speed 
relays, and there are claims for future reed relays that 
will provide 1 ms switching times. However, if 10-100 
(or more) frequency changes or hops per seconds are 
required, the lifetime of the mechanical devices 
will be soon depleted. The typical lifetime of these 
devices is about 2 million operations or, at 100 
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fig. 2(A). Frequency hopping with multipath. 

switches per second, 20,000 seconds — only three 
hours of continuous use. 

Modern couplers, then, must employ solid-state 
switching, for which the use of PIN diodes is the ob-
vious choice.* Such a coupler uses a quasi-binary 
coded arrangement of inductors and capacitors that 
are switched in and out of the matching network by 
PIN diodes. Because antenna couplers have to be built 
to handle power levels of up to 1 kW, as much as 8,000 
•See "High Power RF Switching with PIN Diodes," by J .R . Sheller, KN8Z, 
ham radio, January, 1985, page 82. 

volts DC is required for reverse biasing; forward cur-
rents of up to 2 amps are necessary. In order to gen-
erate these voltages and currents, special dedicated 
switching power supplies have to be provided, and a 
mechanism is needed to bring the voltage or current 
to the switching diodes without introducing parasitic 
stray effects. 

Having summarized both the basic requirements 
and some of the key building blocks for modern digital 
HF radios, we'll now examine some specific design 
approaches. 

frequency hopping receiver design 
The need to frequency-hop at HF, especially in the 

presence of multipath, places the most stringent re-
quirements on the modern HF transceiver. The follow-
ing section discusses frequency hopping, design con-
siderations, and introduces the unique problems 
created by frequency hopping. Several means of 
solving these problems are considered, and a novel 
solution illustrating the use of digital techniques is 
presented. 

Frequency hopping in a multipath environment. 
The effect of multipath distortion is depicted in fig. 
2. A transmitted hop frame represents a burst of signal 
energy radiated at one frequency and received by a 
frequency hopping receiver (synchronized to the trans-
mitter). A multipath is a burst of identical signal 
energy, delayed in time and reduced in amplitude. The 
number of multipaths, amount of relative time delay, 
and attenuation of the received burst depend on link 
characteristics such as frequency, separation, and time 
of day. 

What the receiver actually "sees" during its dwell 
time (window) is a combination of all the energy con-
tained in all the multipath bursts on the frequency. This 
is illustrated in fig. 2, both with and without noise. 
This burst distortion will be different for each frequen-
cy while frequency hopping. The receiver must be able 
to correctly demodulate the transmitted information 
in this distorted signal. 

Intersymbol interference reduction techniques. 
If a transmitter is sending a succession of symbols 
(such as ones and zeros), the receiver's job is to iden-
tify those symbols and convert them back to intelli-
gible information. When a signal includes additive 
noise, errors occur because the difference between the 
two levels is not as clearly defined. When multipath 
corruption occurs, symbols actually overlap and inter-
symbol distortion occurs. This is a special type of dis-
tortion which requires more sophisticated processing 
to overcome. Inter-symbol distortion caused by multi-
path is generally what limits the throughput capability 
(maximum data rates) of HF links. A number of tech-
niques have been tried to reduce inter-symbol in-
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table 1. Current HF signal processing techniques. 

technique concept remarks 
parallel tone differential long bauds on adjacent selective fading causes 
quadriphase shift frequencies — high error rates 
keying (DQPSK) nonadaptive 
modulation high peak-to-RMS ratio 

transmitter 

parallel matched filters pulse matched filter good for low data rates 
or rake processing (correlation! or when W T > 30 

linear equalization minimize distortion by severe multipath causes 
filtering the received high error rates 
signal requires training 

sequence and updating 

decision feedback minimize distortion by tracking problem. 
equalization filtering the received requires training 

signal and past sequence and continuous 
decisions update 

maximize likelihood message matched filter exponential growth with 
estimation viterbi decoding multipath delay 

algorithm tracking problem 

terference, with the most common method shown in 
table 1. We will concentrate here on equalization. 

Equalization techniques. Figure 2A illustrates a 
simplified model of frequency hopping with multipath. 
It shows a frequency-versus-time plot of a pseudo-
randomly hopped signal. Each frequency is repre-
sented by a received signal component and a cross-
hatched multipath signal of one-half amplitude and 
delayed half the hop frame. Let's look at the problem 
of implementing an effective equalizer in this hopping 
environment. 

When a single frequency hop frame is examined 
(assuming receiver synchronization), as in fig. 3, the 
received signal is present for the entire hop frame, 
while the multipath signal may be observed only dur-
ing part of the hop frame, identified as period B. Dur-
ing period A. the first part of the hop frame, the 
received signal is not corrupted by multipath com-
ponents, and one would expect only normal atmos-
pheric and receiver noise to be present. Trying to 
eliminate multipath during this period using feedback 
equalization would actually degrade the desired signal. 
In fact, no special processing should take place dur-
ing period A. During period B, however, the signal is 
corrupted by multipath and some processing may be 
used to reduce the multipath interference. 

But there is a further complication in that a single 
communications link or net is not necessarily the sole 
user of a frequency band or a family of hopped fre-
quencies. This is especially true in the crowded HF 
band. Consequently, the simplified model must be ex-
tended to include a large number of users who may 
share the same frequencies. The shared use of fre-
quencies by several synchronized nets is illustrated in 
fig. 4. 

Additional "friendly" stations cause problems. 
Multiple users in a network present a more compli-
cated interference pattern at the receiver. This is il-
lustrated in fig. 5. The hop frame contains the desired 
signal and two distinct and different interference com-
ponents. During period A there is a new delayed 
replica of an undesired signal from another user or 
from another net. This signal has totally random para-
meters with respect to the desired signal. 

Also if the frequency hopping rate is increased to 
"outrun" the multipath, interference will be present 
from the multipath components of other synchronous 
net users and from others sharing the frequency. 

In fig. 5, each hop frame is shown as consisting of 
the desired signal and several different types of inter-
ference. During the first part of the hop frame, (period 
A), random interference is present which does not cor-
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bandwidth, tap location variations corresponding to 
relative multipath delays may be small, but the ampli-
tude and phase weights differ for each frequency hop 
frame. Weights may also have to be varied from hop 
to hop due to doppler shifts encountered on the chan-
nel — the result of ionospheric variation, as well as 
motion of the user. Because of these effects, ampli-
tude and phase of the tap weights cannot be deter-
mined only once and revised each time the same fre-
quency is revisited. They must be determined for each 
hop. Prior data may be helpful as an initial estimate, 
but cannot be relied on for adequate equalization. 

Note: I l lustration assumes mult ipath delay equals one-halt hop Irame. Ampli tude is 
halt ot desired signal. 

fig. 4. Two-net frequency hopping with multipath. 
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fig. 5. Frequency-hopping interference. 

relate with the desired signal. The only known tech-
nique to reject this type of interference, which may 
have the same waveform characteristics as the desired 
signal, is to use correlation processing, which rejects 
uncorrelated random noise. This type is processing, 
achieved by deliberately spreading the spectrum of the 
original signal at the transmitter and compressing it 
again at the receiver, cannot be easily achieved at 2.4 
kbps data rates. This is because the usable channel 
bandwidth is already fully occupied by the non-
redundant digitized and compressed voice signal. To 
maintain occupied bandwidths at 3 kHz or so while 
transmitting data at 2.4 kbps, time-gated adaptive 
equalization may be used. The name time-gated is ap-
plied because it should only be active during period 
B, when the multi-path burst is a replica of the desired 
signal. During period B, even a high speed dedicated 
processor will be taxed. For each multipath com-
ponent, the individual tap locations must be deter-
mined. When frequency hopping over a 10 percent 

sample design approach 
to multipath processing 

An equalizer is actually a matched filter that 
attempts to model the corrupted channel as a func-
tion of time. The input to the equalizer is a composite 
waveform consisting of wanted signal, noise plus dis-
tortion components. The approach to be described is 
based on an RCA-developed adaptive algorithm which 
repeatedly calculates the ratio of desired signal to 
signal plus noise plus distortion. Maximizing the ratio 
by rapidly adjusting characteristics of the equalizer 
comprises the adaptive process. When the ratio is 
maximized, the equalizer is said to be "converged to 
the value best representing the inverse of the cor-
rupted channel." Passing the corrupted input signal 
through the adjusted equalizer essentially removes the 
corruption and gives the best possible signal. The 
process is very much like that used to equalize trans-
Atlantic telephone cables, except that in this process 
the equalizer characteristics must be adjusted each 
time the transmitter-receiver pair hops to a new 
frequency. 

The basic operation consists of storing all signal 
samples received during the dwell on a particular fre-
quency. The digital processor uses the samples to 
compute the equalization measure described above 
until a final value is found. In reality, the equalizer 
resembles a tapped delay line with complex weights 
applied to the signal developed at each tap. The taps 
are summed and, using an appropriate algorithm, 
added to the original input signal. An equalization 
value is computed for each set of tap weights 
examined. The tap weights producing the highest 
equalization value are then applied to the equalizer and 
the original set of signal samples filtered and passed 
on for further processing. 

For binary FSK signals, the equalization value can 
be found from spectral energy measurements using 
a Fast Fourier Transform (FFT). The process consists 
of taking the spectral energy in the two carrier frequen-
cies and comparing it to the energy in the remaining 
in-band spectral region after the carrier frequencies 
have been deleted. The equalizer is optimally adjusted 
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when the desired carrier frequency energy, less 
residual energy, is maximized. Thus, the adaptive 
process would vary the complex tap weights until that 
difference is maximized. 

Appropriate techniques can be found for other 
forms of modulation and will be discussed subsequent-
ly, but in general, they all compare signal energy in 
a known region of the spectrum (where the desired 
signal should have the majority of its energy) to the 
remainder of the spectrum where multipath com-
ponents lie. 

The RCA approach is unique in that it does not re-
quire a known signal to be transmitted at the outset 
of each new hop frame. Such a signal (termed a 
"training" signal) reduces the usable throughput of the 
system since it occupies a portion of every hop frame. 

A second attractive feature of this equalizer approach 
is that any arbitrary signal possessing the desired 
waveform characteristics (i.e. modulation type and 
rate) may be automatically equalized by applying the 
same algorithm. This allows a receiving station in a 
network to automatically equalize signals from any 
other station in the network without first having 
to identify which station it is or decode a special 
"training" signal. 

A block diagram of the multipath processor is illus-
trated in fig. 6. Input signal samples provided by the 
frequency hopping receiver are stored in an input 
buffer. When an entire hop frame has been accumu-
lated, the samples are transferred to a second buffer, 
which stores all the signal samples associated with two 
hop frames. While the input buffer is collecting new 
data from a different carrier frequency at the next hop, 
the output or hop frame buffer is used repetitively to 
perform the equalization. For a frequency hop rate in 
the low hundreds, there is sufficient time to recirculate 
the stored data through the equalizer and adjust the 
appropriate tap weights for highest channel quality. 

The output hop frame buffer supplies digitized signal 
samples to two separate processing functions — the 
time-gated equalizer and the tap locator. The time-
gated equalizer is controlled by the tap locator and the 
tap weight calculator. After an "equalization com-
plete" signal is provided by the tap weight calculator, 
the signal samples stored in the receiver signal buffer 
are passed through the now adjusted equalizer and the 
corrected data is stored in the output buffer. The signal 
samples are supplied on demand to the next process-
ing stage, which may be a spread spectrum despreader 
or data demodulator. 

Time-gated feedback equalizer. A time-gated feed-
back equalizer is shown in fig. 7. Its structure is very 
similar to that of any other feedback equalizer. It has 
an input signal, a differencing circuit, and a weighting 
network. The difference is supplied as an output signal 
to the data demodulator. The delay line is a multilevel 

shift register equal in length to the hop frame. The tap 
spacings, corresponding to minimum resolvable multi-
path delay, are equal to the signal sampling interval, 
which is considerably smaller than one bit in duration. 

The delay line in fig. 7 is tapped in two places. Two 
multiplying weights, W1 and W2 are shown; these are 
complex and represent both amplitude and phase 
weights. The resulting outputs are summed and fed 
back to the input differencing circuit. The peak clipper 
is incorporated to prevent positive feedback for cer-
tain data sets at high multipath levels. 

Time-gating the feedback equalizer is achieved by 
clearing or resetting the delay line to zero at the begin-
ning of each hop frame. Consequently, when a new 
hop frame starts, there is no feedback. In fact, there 
will be no feedback until the first samples reach the 
first tap. At that point, feedback of the appropriate 
amplitude and phase will begin cancelling the first 
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multipath component. (A second multipath com-
ponent will not become bothersome until the output 
signal reaches the second tap with amplitude and 
phase weight W2. Up to that time the finite values of 
amplitude and phase weights of weight W2 will have 
been multiplied by the zeros advancing in the delay 
line and the tap will not have been effective.) After 
that time, feedback cancels the second component, 
and so on. The impact of a large number of taps is 
that additional time is required to optimize the 
amplitude and phase weights. It is reasonably assumed 
from HF path predictions that only three to five 
multipath components will significantly affect a signal. 
The hardware necessary to process this data is 
available right now. 

Tap locator. The second function in the multipath 
processor is the tap locator. The receiver provides two 
signals for use in an auto-correlation function which 
determines multipath tap locations. Once tap locations 
are known, the tap weights for the filtering function 
can be adjusted. This correlation is illustrated in 
f igs. 8 and 9. The original transmitted frame is trans-
ferred to two buffers. The contents of the two buf-
fers are then fed to a correlator. 

The output of the correlator is examined for correla-
tion peaks above a predetermined threshold, which in-
dicates that a multipath component is present at that 
particular value of delay. This auto-correlation process 
determines the multipath delay without depending on 
any external timing. It is not affected by timing uncer-
tainty or by jitter from one frequency hop to another. 

Tap weight calculator. The third major function in 
the muJtipath processor is the tap weight calculator, 
which consists of a channel quality measurement unit 
and a tap weight programmer. The tap weight pro-
grammer alters the amplitude and phase of the tap 
weights in response to instantaneous channel quality 
measurement. Because hop frames are buffered, the 
quality of the channel can be measured repetitively as 
the equalizer converges and used to control the tap 

fig. 9. Time relationships in simulated signals. 

weights in a closed loop fashion. The quality measure-
ment is based on an RCA-patented quality monitoring 
technique particularly applicable to a variety of angle 
modulated signals. It does not require any special train-
ing signals, but instead operates directly on the data 
signal. 

The principle behind the RCA technique is illustrated 
in fig. 10. Spectral analysis is performed at the out-
put of the power law device (i.e., a frequency doubler 
or quadrupler). The RMS value of all the distortion 
products (that is, all spectral lines except the desired 
carriers) is directly dependent on the multipath 
amplitude and phase and are independent of the data 
contents. Therefore, no training signal is required to 
determine the channel quality. 

When a biphase P S K signal, for example, is re-
ceived, the frequency doppler will change a 180 degree 
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phase shift to 360 degrees. The data now appears as 
0 degrees or 360 degrees, which are equivalent angles. 
The data modulation has effectively been stripped off 
and converted to a carrier component; this is precise-
ly how many coherent receivers track phase modu-
lated data. However, the carrier component may not 
be the only spectral energy that remains after 
doubling. Any distortion products, including the in-
tersymbol interference produced by the multipath 
delay, produce modulation sidebands. A straight-
forward measurement of carrier to sideband energy 
is then used to determine the amount of multipath. 

When QPSK signals are transmitted, the standard 
carrier recovery technique in coherent receivers quad-
ruples the signal, thereby eliminating the data modula-
tion leaving only an unmodulated carrier signal. Track-

ing is then accomplished on what has essentially 
become a reconstituted carrier. 

When MSK signals are sent, the standard approach 
to carrier extraction is to double the frequency in the 
squaring circuit to produce two carriers separated by 
the clock frequency. This is illustrated for continuous 
phase FSKin fig. 11. In the case of MSK, after squar-
ing, one half the power is distributed between the two 
carriers. It is standard practice to phaselock a loop to 
one of the carriers or use the data clock to collapse 
both carriers into a single component and then phase-
lock for coherent demodulation of the data. Channel 
distortion results in less energy in the carrier com-
ponents and more in the sidebands. Again, the ratio 
of carrier energy to sideband energy provides an 
estimate of the channel quality measurement. 

The tap weight calculator uses the Channel Quality 
(CQ) measurements to progressively reduce the uncer-
tainty of the phase and amplitude weights applied to 
each delay line tap. The CQ is the ratio of the carrier 
power to the RMS value of all other frequency compo-
nents after frequency doubling. In the case of MSK, 
the power in both of the reconstructed carriers is 
added to achieve a higher CQ and therefore a better 
measurement. As the tap weights are changed, the 
CQ value will change dramatically and reach a max-
imum when best equalization has been achieved. 

The simulation example shown in fig. 12 illustrates 
rapid tap weight convergence for an assumed multi-
path amplitude of 0.9 and phase angle of 169 degrees. 
While seven complete iterations are shown to illustrate 
the sequence, after the first iteration the phase error 
is only 11 degrees and the amplitude error 0.4 volts. 
For purposes of achieving minimum bit error rate per-
formance, this represents complete equalization. Since 
there is no significant change in the results at the end 
of the second iteration, the convergence procedure 
would be halted. If the CQ is high enough, depending 
on noise and the remaining multipath level, the con-
vergence procedure may actually be halted after the 
first iteration. 

nil I ll II 
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fig. 11. Spectral density MSK after squaring. 

fig. 12. Simulation example of equalizer convergence. 

data parameters: multipath parameters: equalizer parameters: 
sequence 1 delay (bits) 3.00 tap location 3.000 
frame length 64 bits amplitude 0.90 threshold 1.000 
samples/bit 8 phase 169.00 input SNR IdB) 5 

amplitude phase channel data 
iteration amplitude phase error error quality errors 

0 0.000 0.0 -0.900 -169.0 25.6 9 
1 0.500 180.0 -0.400 11.0 16.2 0 
2 0.500 180.0 -0.400 11.0 16.2 0 
3 0.500 157.5 -0.400 -11.5 16.4 0 
4 0.830 157.5 -0.070 -11.5 212.3 0 
5 0.995 157.5 0.095 -11.5 191.5 0 
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Acquisition process. Because the equalizer does not 
require training signals, a frequency hopping receiver 
can achieve initial acquisition and convergence of its 
equalizer without requiring a cooperative transmission. 
Figure 13 shows a transmitter hopping at a normal 
rate. The receiver is trying to acquire and determine 
the tap locations, but this is not apparent to an out-
side observer. Initial acquisition is accomplished by 
letting the receiver dwell twice as long on each fre-

quency compared to the transmitter. This means that 
the receiver will miss alternate frequencies; but, at the 
same time, it will include in its output data the desired 
signal as well as the multipath signal. As shown in fig. 
13, the transmitter hops through six frequencies, but 
the receiver only sees three of those frequencies. Once 
acquired, the receiver commences hopping at the 
same rate as the transmitter. Adding a second receiver 
can provide coverage of the missed alternate frequen-
cies. The additional expense of a second receiver and 
a frequency synthesizer are not warranted in most 
applications. 

multipath equalizer summary 
When frequency hopping is employed to achieve 

protection from jamming, the problems posed by mul-
tipath distortion on HF radio links increase. The novel 
approach discussed here illustrates what can be done 
with digital processing. It is well matched to HF 
hopping systems and supports a very robust form of 
MSK modulation with efficient error correction coding 
and is readily implemented with today's technology. 

digital SSB tuning 
Another example of the successful application of 

digital techniques to HF radio is the problem of auto-
mating SSB tuning. Figure 14 illustrates a block 
diagram of a typical digital HF radio. The digital sec-

TRANSMITTER 

« T 

HOP FRAME - TRANSMIT AND RECEIVE 

TWO FRAMES - RECEIVE ACQUISITION 

fig. 13. Acquisition frequency hop patterns. 
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fig. 14. Block diagram of typical digital HF radio. 
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fig. 15. Digital receiver process ing ( S S B model). 
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fig. 16. Digital receiver process spectra. 

tion of the receiver is indicated within the dotted lines. 
Figure 15 shows, again in block diagram format, how 
SSB detection is performed. Figure 16 illustrates what 
signals occur during processing. 

The method shown in fig. 17 can be used to develop 
a software solution to automatic SSB tuning. The 
voice bandwidth signal is transformed into a voice 
power spectrum, which is analyzed to detect harmonic 
relations and complex correlations of the voice spec-
trum. Digital signal processing then determines the 
amount of frequency offset relative to a hypothetical 
center frequency, and a digital signal then tunes the 

frequency synthesizer to correct any offset. This 
"center frequency" can then be fed to a processor and 
stored together with the demodulated data. 

Alternatively, this process can be used to regenerate 
the suppressed carrier. If we look at the lowest signal 
line in fig. 18, we see what appears to be pure noise. 
If enough samples with sufficient bit resolution are col-
lected, it is possible not only to discover the actual sup-
pressed carrier, but also to find 60 cycle hum side-
bands. Spectral detail is useful in uniquely identifying 
specific pieces of radio equipment. Such techniques 
are known as "fingerprinting." 
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fig. 17. Automatic SSB tuning algorithm overview. 

digital waveform generation 
Generating analog waveforms from digital signals 

is another interesting application of this new technol-
ogy, which allows straight-forward implementation of 
RCA's "Ampliphase"® system, a modulation scheme 
used in high-power AM broadcast transmitters. 

In its analog form, Ampliphase combines outputs 
of two individually phased modulated carriers to pro-
duce a single AM output signal. Using efficient, non-
linear solid-state amplifiers, it is possible to generate 
many different forms of modulations — rather than 
only AM — simply selecting the desired mathematical 
algorithm. A list of modulations appears in fig. 19. 
Figure 20A shows a digital arrangement that 
generates AM signals; for explanation, fig. 20B shows 
the amplitude and phase relationships between the 
two channels. Depending on the phase shift, different 
modulation and sideband levels are achieved. 

The flexibility of Ampliphase is shown in fig. 21, 
which illustrates a method of digitally generating four-
channel S S B suppressed carrier modulation. Figure 
22 shows the digital implementation of constant 
envelope independent S S B suppressed carrier genera-

60 HJ Supprnted 
C*rr>rr7 

fig. 18. Exponentially-averaged SSB spectra (a = 0.9) 
mistuned up 100-200 Hz. 

tion. In each case, the hardware stays the same — 
but a different algorithm is applied. 

digital filter implementation 
Perhaps the most familiar application of digital 

fig. 19. RCA's Ampliphase® system generates many different forms of modulation. 

modulation: x(nT) = Re (Z(nT') EXP (junT)J 

DSB-AM Z(nT) = j + j? y(nT) 

DSB-SC Z(nT) = y(nT) 

SSB-SC Z(nT) = y(nT) ± j y (nT) 

PM Z(nT) = EXP [jK y(nT)J 

FM Z(nT) = EXP [jK L y(nT)J 

demodulation: 

DSB-AM 

DSB-SC 
SSB-SC 
PM 
FM 

envelope detector y(nT) = L + 0.3 S =-Jl2(nT) + Q2(nT) 
synchronous detector y(nT) = Re [(I(nT) + jQ(nT)) EXP (ju0nT - 60(nT))J 

same synchronous detector as DSB-AM 
product detector y(nT) = Re [I(nT) + jQ(nTj) EXP fjwcnT)J 
angle detector y(nT) = 6(nT) = ARCTAN (Q(nT)/l(nT)) 
discriminator y(nT) = 6(nT) - B((n-1)T) = d 
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DC COMPONENT 

IFOR STRAIGHT AM! 

fig. 20A. Ampliphase® AM simulator block diagram. 

techniques today is the use of digital filters to replace 
analog components in audio sections of radios. Often, 
the selectivity of a digital receiver is determined by the 
quality of the implementation of its digital filters. These 
digital filters, typically non-recursive finite impulse 
response filters, are characterized by no more than suf-
ficient performance, although this deficiency is offset 
by the simple hardware requirements for implemen-
tation. The impulse response of these filters can be 
computed by using the Parks-McClellan FIR design 
program. Figure 23 shows predicted performance 
data for such filters. The filter algorithms are usually 
implemented entirely in microcomputer software when 
time allows, or, alternately, using high speed arith-
metic processors to enhance throughput. Special 
arithmetic logic units can also be employed at the out-
put of a filter to generate either the inverse or the 
magnitude of the output value, depending upon the 
filter requirements. Finally, the filter output can 
be either numeric (digital) or analog via a D-to-A 
converter. 

Figure 24 illustrates the predicted amplitude 
response for a typical FIR filter. 

frequency synthesizers 
Digital frequency synthesizers, common in today's 

radios, typically have slow frequency switching speeds 

6- 90' 

<L 

ENVELOPE ENVELOPE 

fig. 20B, Vector representation of phases between 
channels. 

and variable noise performance. But modern frequen-
cy synthesizers can be built with almost infinite fre-
quency resolution and very fast switching speed. (The 
typical design trade-off is noise sideband performance 
vs. switching speed.) Analog PLL frequency synthe-
sizers are typically limited in their switching speed by 
the loop bandwidth of the system and hence offer'only 
limited resolution at high speed. 

The best approach to building fast frequency syn-
thesizers with fine resolution is to combine either a 
wideband analog loop with a digital direct frequency 
synthesizer or a wideband analog loop with a fractional 
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fig. 21. Four-channel SSB/SC simulator block diagram. 

divider and synthesizer. Figure 25 shows one im-
plementation of the former. It is possible to get 
switching speeds of several hundred microseconds 
and excellent phase noise at the same time using this 
technique. 

antenna coupler technology 
One interesting item not often considered part of 

the radio is the antenna coupler. Antenna couplers 
now used provide good RF power transfer between 
the radios and the antenna. At a single frequency their 
reliability is not a serious problem. New couplers, with 
a capability for fast frequency hopping, require new 
technology to provide fast frequency changes and ex-
tended lifetimes — i.e., a predictable period of use 
without wear-out or breakdown. Because couplers 
must also be driven by the digital processing system 

"brain" of the radio, they require a digital interface 
and, usually, their own processor and training scheme 
as well. 

available hardware 
Antenna couplers presently used on aircraft adapt 

to the driving point impedance peculiarities of their 
respective antennas. Though tuning methods may dif-
fer in detail (depending on the matching network con-
figuration), tuning always involves the use of motor-
tuned and relay-switched reactive elements driven 
toward 50-ohm convergence by an error signal from 
magnitude and phase discriminators. Tuning accura-
cies are quite good (VSWR 1.3:1), and coupling effi-
ciencies range between 40 and 85 percent depending 
on antenna type and frequency of operation. The dis-
advantage of this class of antenna coupler, however, 
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fig. 22. Digital constant envelope I SB / SC simulation block diagram. 

fig. 23. Predicted performance data for digital filters in audio applications. 

input output 2-sided 2-sided BW impulse 
filter sample sample passband ultimate at ultimate shape response 

function rate rate bandwidth rejection rejection factor length Insect 

FM receive 100 KSPS 50 KSPS 25 kHz >80 dB 36 kHz 1.4:1 52 
A M receive 100 K SPS 25 K SPS 12 KHz >80 dB 17.2 kHz 1.4.1 124 
AM receive 100 KSPS 12.5 K SPS 6 kHz >80 dB 8.8 kHz 1.5:1 248 
S S B receive 100 KSPS 12.5 KSPS 2.7 kHz >80 dB 5.4 kHz 2:1 248 

is relatively long tuning time (from 3 to 15 seconds), 
and a limited lifetime resulting from the failure of elec-
tromechanical drives and switches. 

Advanced tuning elements. Given the insufficient 
durability of electromechanical components, the future 
of tuned couplers with both fast-tuning times and 
operational reliability will depend on the use of elec-
tronic tuning and solid-state devices. Of the solid-state 
devices that could be considered for this application, 
two have been given varying degrees of attention: the 
saturable reactor and the PIN diode. 

A saturable reactor is an RF inductor wound on a 

suitable ferrite core whose permeability is varied by 
an orthogonal or parallel DC excited magnetic field. 
Inductance variations of 4:1 or greater have been ob-
tained with this kind of device, which can be con-
figured as a memory element by the inclusion of a per-
manent magnet bias. The main difficulties associated 
with the use of the saturable reactor are: 

• Response time is slow due to excitation time 
constants. 

• Large ferrite volumes are required to overcome the 
inherent nonlinearity and heat dissipation problems. 
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fig. 24. Predicted amplitude response for a typical FIR 
filter. 

• The ferrite material is temperature-sensitive. 

• Permanent {irreversible) structural changes can take 
place at some specific excitation levels. 

The device may find application in coupler schemes 
where a limited degree of adaptive tuning over a nar-
row frequency range is desirable. 

The PIN diode, a solid-state device, offers many in-
teresting possiblities for switching if optimized for 
operation in the HF frequency range. The keystone 
of advanced HF Coupler design at RCA, its use per-
mits reactive elements of the matching networks to 
be varied by switching discrete values of inductors and 
capacitors in a digital manner. Such a configuration 
is readily adaptable to a microprocessor control inter-
face. The diode parameters most critical for this appli-
cation are forward bias resistance, reverse-bias break-
down voltage, minority carrier lifetime, and power-
handling capability. 

The reverse breakdown voltage of the PIN diodes 
in the HF frequency range must be high enough to 
withstand the peak RF voltages developed at the high 
Q end of capacitive antennas. As an example, an air-
craft probe antenna with a Q of 500 at 2 MHz, when 
matched may develop an RF voltage at the base of 
15 kV or more with 1 kW input, depending on the 
losses encountered in the matching network. Thus a 
PIN diode, or rather a PIN diode package, must be able 
to withstand at least half that voltage. 

Agile antenna couplers using PIN diodes which 
quickly respond by microprocessor control can meet 
today's needs of high hopping rates. Frequency 

DIVIDE PHASE 
BY 10 DETECTOR 

fig. 25. High-speed synthesizer. 
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fig. 26. HF agile antenna coupler system block diagram. 

changes can be made in microseconds, thus obso-
leting older techniques. Advantages of agile antenna 
couplers with digital processing are high speed, relia-
bility, and adaptability. Through self-test techniques 
and learning and storing of new antenna characteris-
tics, the coupler can adapt to changes and continue 
to implement the best impedance match, resulting in 
good power transfer to the radiating antenna. Figure 
26 shows the system block diagram of the HF agile 
antenna coupler. A switching speed in the order of 
200 microseconds is possible. 

s u m m a r y 

This article describes requirements and techniques 
used in the design of modern digital HF radio which 
fulfill the needs of advanced RF communication 
systems. Most of the advanced techniques were 
developed to satisfy digital data transmission and fre-

quency hopping requirements. Digital implementation 
of many of the system functions, required for both 
hopping and non-hopping modes, avoids some of the 
problems analog linear devices introduce. Digital tech-
niques may ultimately prove to be more cost effec-
tive as well. The use of microprocessing and signal 
processing devices provides greater flexibility of the 
HF transceiver and allows its use in an integrated 
system. 

acknowledgement 
Much of the work described in this article derives 

from the efforts of the Radio Systems' Engineering 
section at RCA's Government Communications Sys-
tems, Camden, New Jersey, without whose help this 
article could not have been completed. Among the 
major contributors to this article were Robert M. 
Lisowski, John B. McMackin, David A. Miller, Edward 

April 1985 M 41 



T h e m o n t h l y m a g a z i n e w i t h a n a t u r a l b l e n d i n g of t w o 

p o p u l a r h o b b i e s — H a m R a d i o a n d C o m p u t e r s 

* A r t i c l e s o n H a m R a d i o & M o s t P e r s o n a l C o m p u t e r s 

* H a r d w a r e & S o f t w a r e R e v i e w s 

* V a r i o u s C o m p u t e r L a n g u a g e s 

* C o n s t r u c t i o n A r t i c l e s 

* M u c h M u c h M o r e . , 

"...received my moneys worth with just one 

issue..." 

—J. Trenbick 

"...always stop to read CTM, even though 

most other magazines I receive (and write for) 

only get cursory examination..." 

—Fred Blechman, K6UGT 

U.S.A S 1 5 . 0 0 f o r t y e a r 

Mexico, Canada $25.00 
Foreign $35.00(land) • $55.00(air) 
(U.S. f u n d s on ly ) 

Permanent (U.S. Subscription) $100.00 
Sample Copy $3.50 

C i r c u l a t i o n M a n a g e r 

1 7 0 4 S a m D r i v e 

B i r m i n g h a m . A l a b a m a 3 5 2 3 5 

P h o n e 2 0 5 / 8 5 4 - 0 2 7 1 

J . N o s s e n , D a v i d P . O ' R o u r k e , a n d C h a r l e s K . V i c k e r s . 

A d d i t i o n a l t h a n k s g o t o M r . M i l l e r f o r v e r y c a r e f u l l y 

p r o o f i n g t h e e n t i r e m a n u s c r i p t a n d s u p p l e m e n t i n g 

s e v e r a l o f t h e m o r e e s o t e r i c t e r m s w i t h e x a m p l e s . 

bib l iography 
Cook, C.E.. and Marsh, H.S-, "An Introduction to Spread Spectrum," IEEE, 
1983. 
Cuccia, C. Louis, "Spread Spectrum Systems Serve Nearly All C1 Aspects," 
MSN. April, 1982. 
Maksimov, M.V., Bobnew. M.P., Shustov, L.N., Krivitskiy, B.K.. Gorgonov, 
G.I., ll'in, V.A., and Stepanov, B.M., Radar Anti-jumming Techniques, 
Artech House Books. 1979. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers, Theory end Design, 
Prentice-Hall, Inc., 1983. 
Rohde, Ulrich L., "Match Antenna Over 1,5-to-30 MHz Range with Only Two 
Adjustable Elements," Electronic Design, September 13. 1975, page 96. 
Spellman, M., "A Comparison Between Frequency Hopping and Direct 
Spread PN as Antijam Techniques," IEEE, 1983. 
GTE Communication Systems Division. USA CORADCOM on Contract 
DAAK80-80-C-0SS8, "Frequency Hopping Multiplexor Design Assessment," 
August, 1982 

h a m radio 

N a m e 

C a l l S i g n 

A d d r e s s 

C i t y 

Z i p P h o n e 

D a t e „ 

State_ 

S i g n a t u r e 

k - 123 

Use Your Wireless 
C o n t r o l 

FROM ANY ROOM!!! 
W o r k s w i t h r r ios) i n f r a r e d 
r e m o t e c o n t r o l r e c e i v e r s 

L I K E H A V I N G A S A T E L L I T E R E C E I V E R , V C R , 

C A B L E T V , A N D V I D E O D I S C I N E V E R Y 

R O O M ! 

• (.'emote control Satellite 
Receiver, VCP. C a b l e IV, 
a n d V i d e o Disc c a n n o w b e 
u s e d l ong d i s tance 

• Inslutl u n any IV to u c c e s s ul l 
your r e m o t e cont ro l v i deo 
c o m p o n e n t s 

• Makes non-remote IVs 
remote conltollabk-; with 
remote control V C R C a b l e 
Selector or Satellite K'eceiver 

• N o fancy wiring n e e d e d 
yj.es existing coax ia l winncj 
b e t w e e n I V s 

• N o extra controls to buy ' Uses 
the n a n a he ld remote 
conliollecs you a l r eady n a v e 

• N o tools r ea iweO I asiH 
installed in minutes 

$ 7 9 9 5 

P l u s $ 3 . 0 0 
s h i p p i n g & h a n d l i n g 

608-493-2291 
DEALER INQUIRIES W E L C O M E 

r.iSPTC£ MERRIMAC 
SATELLITE 
3?7 Palisade St Mermnar Wl 53S6I ^ 124 

S A Y ham. 

42 [23 April 1985 M o r e D e t a i l s ? C H E C K - O F F P a g e 1 6 0 



a carrier-operated relay 
for VHF amplifiers 

simple switch 
operates reliably 

over wide 
temperature range 

The availability of low-cost hand-held VHF 
transceivers has increased the demand for external 
power amplifiers to overcome the inherent power 
limitations of these radios. In particular, many 
Amateurs wish to adapt their hand-held units to mobile 
use and take advantage of the abundance of low 
voltage DC power available in this application with an 
add-on amplifier. 

Many application notes detailing the construction 
of such amplifiers are available.1 A typical design 
appeared in past editions of the Motorola RF Data 
Manual as EB92A and is built around the MHW-252 
hybrid module. The possibility of obtaining 20 dB or 
more of gain in a single module prompted us to build 
these amplifiers with the hope of developing 25 watts 
from the 200 mW provided by an ICOM 2A operating 
on low power. 

The construction of these amplifiers proved to be 
a near-total disaster for several reasons, and we are 
by no means encouraging others to follow in our foot-
steps as far as the amplifier design is concerned. In 
fact, the latest edition of Motorola's RF Data Manual 
does not list the MHW-252 at all. However, one signifi-
cant improvement was made in the Motorola design 
which will undoubtedly prove to be very useful in 
future power amplifier projects. 

The major improvement concerns the COR circuit. 
In the original Motorola design, shown in f ig. 1, it can 
be seen that a 5-pF capacitor is used to couple RF 
energy to a transistor that drives a mechanical relay. 
At 146 MHz, 5 pF represents 220 ohms of capacitive 
reactance. Because the transistor switch is forward 

biased somewhat during reception, the 5 pF capacitive 
reactance is primarily the input impedance to the cir-
cuit, and thus seriously affects the receiver signal path. 
In addition, the transistor circuit was found to be ex-
tremely unreliable because of base-emitter threshold 
changes with temperature, especially bothersome in 
mobile operation during cold mornings. In fact, the 
slight variation with frequency of the power output of 
an IC-2A became very noticeable on some mornings, 
yielding operation on only part of the band. 

some problems occurred 
Some history of our construction experiences of-

fers comic relief value and should therefore be ex-
pounded for completeness. We built three of these 
amplifiers using the suggested single-sided PC board. 
As described in the application note, the circuit pur-
portedly used the lead inductance of the relay and 
printed circuit traces as elements of a harmonic out-
put filter. Measured with a Bird wattmeter, each of 
our separately constructed units produced a whopping 
17-18 watts of output power. This was about 10 watts 
lower than expected. After a call to the manufacturer 
we were certain we had erred somehow. The manu-
facturers' representatives verified the published per-
formance specifications, which we were obviously not 
meeting. In order to rectify matters, we delved into 
the theory of the LPF and tried different capacitor 
values and types. In spite of these changes, output 
power remained below 20 watts even with different 
ICOMs, each of which provided the required 200 mW 
into a 50-ohm load. Suspecting some type of mis-
match condition either at the input or output, we pro-
ceeded to construct new boards using 50-ohm micro-
strip for RF connections. Instantly, 30 watts appeared 
at the Bird wattmeter load upon test. We concluded 
that the relay lead inductance was itself not enough 
to mismatch the input and output circuits but that the 

By Frank M. Caimi, WB3JCC, P.O. Box 650163, 
Vero Beach, Florida 32965, and Edward A. 
Richley, KD8KZ, 41 N. Highpoint Circle South, 
Naples, Florida 33940. 
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circuit traces were. The LPF was also deleted. Other 
harmonic filters were investigated, and although 
power loss was not significant, they were not used 
for the balance of our tests. 

In addition to these problems, discussions with the 
manufacturer provided critical information regarding 
the input attenuator network. We were told that 
deleting the network would result in damage to either 
the ICOM or amplifier because of the adverse interac-
tion between the amplifier and the ICOM resulting 
from improper source impedance at the ICOM output 
(on low power only). A 1 to 1.5 dB minimum amount 
of attenuation is required for the network to reduce 
the interaction. Fortunately we found this problem by 
accident before these discussions, but the ICOMs were 
not damaged. (Our MHW-252 modules were replaced 
at no charge.) 

The process of changing circuit boards to the 
microstrip type required some work and a bit of magic 
which we did not possess. In the absence of magic 
or luck we noted that the MHW-252 leads promptly 
detach from the module substrate after one solder-
ing/desoldering operation. We assumed we had 
defective modules, but units from different sources 
behaved similarly. A honed soldering iron tip and a 
steady hand allowed us to reattach the leads to the 
substrate. (We might add that because our construc-

tion and design experience is extensive, we cannot 
wholly be blamed for the aforementioned problems. I 

While waiting to overcome some of these difficulties 
with the circuit, we set out to improve the COR cir-
cuit. We decided that the ideal COR circuit should 
have the following properties: 

• as little loading of the receiver signal path as possi-
ble (1 pF at 146 MHz) 

• reliable operation down to 100 mW 

• simple and inexpensive 

• ultra-reliable with respect to temperature 

COR description 
A quick calculation shows that the peak-to-peak 

voltage of a 100-mW RF signal on 50-ohm line is about 
6 volts. This should, in a properly designed circuit, be 
more than sufficient to guarantee reliable operation. 
The trick is to make a suitably high impedance switch 
so as to allow a 1-pF capacitor to provide the coupling. 
The capacitive reactance of a 1-pF capacitor is approxi-
mately 1100 ohms, which presents little loading to the 
receiver even if the switch input is highly capacitive. 
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AMATEUR TELEVISION 

No problems were experienced with the configura-
tion shown in fig. 2. CR1 and CR2 are inexpensive 
Schottky diodes configured as a voltage doubler to 
extract the peak-to-peak voltage of the RF signal, aside 
from the voltage drops of the diodes. The bias built 
up by the action of the diodes keeps them operating 
primarily in reverse bias where their capacitance is 
typically 1 pF. This is entirely acceptable for VHF ap-
plications and is significantly better than that of low-
cost junction diodes. Furthermore, the insignificant 
storage time of the hot-carrier diodes makes them 
much more efficient as an RF level detector. 

circuit description 
The circuit operates as follows. Application of RF 

power to the input provides a rectified signal at the 
diode doubler as described. The input impedance of 
the comparator (or op-amp) and bleed-off resistor is 
sufficiently high to allow a significant voltage to be 
developed at pin 2 compared to the bias applied at pin 
3 (200 mV). The comparator changes its output state 
from high to low at this time. Relay K1 is actuated by 
the near ground potential assumed at output pin 1, 
provided the required relay current is within the sink 
capabilities of the comparator output stage. Upon 
release of input excitation, the voltage at pin 2 decays 
to a value sufficiently below the bias voltage at a rate 
determined by circuit capacitance and the 270-kilohm 
resistor. Subsequently, K1 is de-energized. 

The comparator chosen was an LM211 (preferable) 
or an LM258 (a dual device). Either can sink the 25-30 
mA required to operate the OMRON relay used in the 
Motorola design. In addition these ICs come packaged 
in a TO-5 metal can package which permitted the pins 
to be conveniently inserted into the appropriate holes 
already present in our circuit boards from the Motorola 
design: (Incidentally the old transistor circuit was 
removed and tested for 60 Hz response at 120 VAC.) 
Although double the component count is used com-
pared to the suggested COR circuit of f ig. 1, the new 
circuit easily fits on the circuit board and has been used 
in other power amplifiers. 

The circuit, which met all of our requirements, has 
been in use for several months. If anything, it is too 
sensitive, as nearby mobile transmitters will sometimes 
cause the relay to chatter furiously. We noted this ef-
fect only at the Dayton Hamfest and consider the in-
convenience of minimal consequence. 
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#597 - BNC connectors/ $ 4 6 . 5 0 ' 

" Shipping onr i handl ing tor any 
item a d d $2 each 

ALL OUR PRODUCTS MADE IN USA 

BARKER & WILLIAMSON 
Quality Communication Products Since 1932 
At your Distributors write or call 
10 Canal Street. Bristol PA 19007 
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a PSK telemetry demodulator 
for OSCAR 10 

Get more out of OSCAR 
with this original design 

OSCAR-IO, launched by Ariane rocket on June 
16,1983, is the latest transponding satellite for Radio 
Amateurs. Its period is just under 12 hours and its orbit 
very elliptical (e = 0.6); this makes it appear quasi-
stationary. Much of the time its range exceeds 21,750 
miles (35,000 km), which means nearly a hemisphere 
is within its view, and for many hours on end. The 
satellite enables Amateurs with modest equipment to 
communicate at some time or other with stations 
almost anywhere on earth.1 

OSCAR-IO (fig. 1) carries two linear transponders, 
at UHF and in L-band. Mode B accepts 70cm uplink 
signals and has a 2-meter downlink; mode L is 23cm 
up and 70cm down. 

Associated with each mode are two alternative 
telemetry transmissions: from a general beacon (GB) 
or an engineering beacon (EB). Of these, the 145.810 
MHz general beacon is used predominantly, and will 
be a familiar sound to most users of the 2-meter 

fig. 1. OSCAR 10 {courtesy AMSA 71. 

Amateur band. The other frequencies are 145.987 MHz 
(EB), 436.04 MHz (GB) and 436.02 MHz (EB). 

Transmissions are continuous: on the hour and half-
hour UTC there is a 5-minute Morse code bulletin, 
followed by 20 minutes of phase shift keying (PSK) 
telemetry. There are two periods of 50 baud RTTY, 
5 minutes each on the odd quarter hours. 

Telemetry from OSCAR-IO is transmitted in 
512-byte blocks, preceded by a four-byte synchroniza-
tion code (hex 39 15 ED 30) and followed by a two-
byte cyclic redundancy check and then a run of about 
100-200 padding bytes (hex 50). A byte consists of 8 
bits and is transmitted serially, most significant bit first, 
at a rate of 400 bit/s. So a new block is sent every 
12-14 seconds and lasts for 10.3 seconds. The inter-
val before the next block can be used for computer 
processing of the telemetry. 

There are several different kinds of blocks; Q, Y, 
and text blocks K, L, M, N, are the most common. 
Their first two characters are always an ASCII identi-
fier, for example M < space > . Line feed and carriage 
return are in general not used. 

K. L, M. and N Blocks are plaintext messages, 
comprising eight lines of 64 ASCII characters. They 
are at present used for routine communications be-
tween command stations. 

Y Blocks are entirely ASCII telemetry (fig. 2). The 
first line contains the time (UTC) and AMSAT day 
number (0 = January 1, 1978). Lines 2 and 3 are com-
mand and control status information. Lines 5-8 are 64 
selected telemetry values that may be converted using 
the equations published in the OSCAR-IO operating 
manual.2 

As an example, columns 3, 7, 11, and 15 represent 
temperatures, which decode as T = (N-127S/1.82. 
The first enlries in columns 3 and 7 are the mode B 
transponder receiver and transmitter temperatures, 
16°C and 32°C, respectively. 

With the exception of the letter Q, Q Blocks begin 
like Y blocks, but lines 5 to 8 contain the full suite of 
256 hexadecimal telemetry bytes.2 

By James Miller, G3RUH, 3 Benny's Way, 
Coton, Cambridge, CB3 7PS, England 
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The schedule of transmissions interleaves ASCII 
blocks and Q blocks. It repeats approximately every 
2% minutes. 

modulation 

The digital information stream at 400 bit/s (called 
the message) is first differentially encoded such that 
a 1 is represented by a change in the output data 
stream (i.e. 01 or 10) while a 0 is denoted by no change 
(00 or 11). This data is next exclusive-ored with a 
400Hz clock, low-pass filtered to restrict its bandwidth 
(third order Bessel, 560 Hz) and then balance modu-
lated on to the transmitter carrier (fig. 3). This modula-
tion is called antipodal phase-shift keying (PSK). Car-
rier phase is either 0° or 180° according to the data. 
Because of the low pass filtering there is also some 
amplitude modulation at bit or clock transitions. 

The signal spectrum for random data is shown in 
fig. 4. Note the absence (on average) of a carrier or 
other line components; these would waste transmitter 
power. 

In the following sections, note the distinction be-
tween "message" and "data." The data is the stream 
which represents the message. Let us use the 
following notation: 

M(n) n'h bit of the original message 
D(n) n'h bit of the data, derived from message 
S, S(t) transmitted signal 
Alt) signal amplitude 
CLK the 400 Hz data clock 
CAR carrier 
© means EXOR; (A©A = 0, 0©1 = 1 etc. 
± A means "either A or its inverse" 

It is useful to remember that if we associate the 
numeric value + 1 to logic 1, and the value - 1 to logic 
0, then the EXOR operation is equivalent to multiplica-
tion, that is: A EXOR B = A x B. 

Some features of this modulation scheme that facili-
tate the demodulation process are the following: 

• The signal can be described as S(t) = Alt) sin(u>t) 

• Ignoring amplitude modulation, the signal can also 
be thought of as the EXOR of data, clock, and carrier: 
S = D(n)©CLK©CAR 

• The message stream is related to the data stream 
by M(n) = D(n)©D(n-1) 
• Differential message encoding is used to enable a 
decoder to deal with the unavoidable 180° phase am-
biguity in recovered carrier 

• All data bits have a mid-bit transition, but not always 
a transition between bits 

demodulation 

Essentially this reverses the modulation operations. 

Author's helix and cross-Yagi antennas. 

The receiver will be set to CW or S S B mode so that 
the carrier is translated down to audio frequency for 
input to the decoder (fig. 5). 

The signal carries negligible information in its ampli-
tude variations, so it may first be limited, which has 
the great advantage that all subsequent processing can 
be digital. 

First a carrier and clock (denoted by CARR and 
CLKR) are recovered from the signal (S) and then 
EXORed with the signal, giving a product (P): 

P = SQfCA RRQCLKR] 

Provided the local carrier and clock are (excepting 
possible inversion) replicas of the originals, i.e. 
CARR = ± C A R and CLKR = ± CLK, this product 
simplifies to: 

P = fD(n)®CLK®CAR/®f ± CARR® ± CLKR] = ± D(nJ 

which is the original data. If the signal were noise-free, 
the data D(n) would be perfectly usable at this point. 
Noise, however, perforates the bits so mod-bit sam-
pling would lead to random errors. Instead, D(n) is in-
tegrated over the bit interval and the resulting ac-
cumulation sampled at its end, a process called 
integrate-and-dump. The system as a whole is a 
matched filter." 

Note that in order to clock the data and time the 
integration properly, a means must be provided to 
resolve the CLKR 180° phase ambiguity. (The infor-
mation to do this is implicit in the signal.) 

The message M(n) is next found from ± D(n) by dif-
ferential decoding. The present data bit is EXORed 
with the previous data bit. The possible inversion of 
D(n) is of no consequence, for - D(n)© - D(n - 1 ) and 
D(n)©D(n-1) are both the same. 

The message stream is now available for processing, 
by either hardware and/or software. 
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A truly optimum matched filter would take account 
of the sinusoidal nature of the signal and its amplitude 
modulation. The hardware required to do this involves 
deconvolution and is not trivial. The penalty for using 
a limiter and binary processing is less than 2dB, which 
in actual on-the-air practice is insignificant. 

decoder operation 
The receiver should be set to the SSB mode; the 

normal 2.4 kHz bandwidth is more than adequate, and 
can with advantage be reduced to around 1 kHz before 
decoding loss becomes apparent. Because of the de-
coder's limiter, unnecessarily wide bandwidths reduce 
performance. 

If the signal is tuned in at the middle of the receiver's 
passband, then the carrier frequency will typically be 
1500 Hz. The actual frequency is not important, but 
there is a lower limit caused by the onset of aliasing, 
when the lower sideband folds around 0 Hz and into 
itself. This sets in at a carrier frequency of about 
500 Hz. The upper limit is set only by the performance 
of the logic family; if TTL were used, the carrier could 
well be at 455 kHz — i.e., at an intermediate 
frequency. 

carrier recovery {fig. 6) 
A phase locked loop (PLL) cannot be used to ex-

tract the carrier directly because there is no carrier line 
component in the spectrum of an A(t) sin(o)t) signal 
where A(t) = random data. 

However if the signal is subjected to a nonlinear 

V HI, THIS IS AMSAT OSCAR 10 10:S3:03 2308 
•0340 #0020 H019E 
64 7 0 0 13 223 0 

204 0 1S6 0 199 0 IBS 126 212 51 1S2 7 103 47 159 56 
0 37 136 31 29 36 140 128 0 0 133 133 111 0 13S 13 
64 137 141 192 179 170 139 149 lie 150 139 13 238 138 148 13 
198 140 126 177 198 152 139 0 li 142 141 0 11 137 133 0 

Y HI, THIS IS AMSAT OSCAR 10 UIOBIJO 2308 
#0340 (0020 #019E 
64 7 0 0 13 223 0 

204 0 1S7 0 199 0 183 111 212 SI 1S2 10 103 48 139 36 
0 37 139 0 30 36 140 130 10 0 13S 146 110 0 135 13 
66 137 142 186 177 170 139 96 213 ISO 140 13 239 138 148 13 
198 140 126 10 220 153 139 O 11 142 141 0 11 137 133 0 

fig. 2. Y blocks are entirely ASCII telemetry. First line 
includes the day number (2306 indicates April 27,1984); 
next two lines contain command and control status in-
formation; 64 telemetry values follow. 

fig. 3. P.S.K. telemetry modulator. Message is first differentially encoded: 0 becomes 00 or 11 (that is, no change in data), 
while 1 represented by a change (01 or 10). Data is then multiplied (ex-or) with a 400 Hz clock, filtered and modulated 
on to the carrier. 
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process such as self-multiplication, the ± is 
eliminated, and a line component at 2w is generated. 
A simple digital way of achieving this is to EXOR the 
signal with itself delayed by a quarter-cycle. Every 
zero-crossing of the carrier creates one new cycle of 
twice the carrier frequency, which can be regenerated 
with a phase locked loop and followed by a divide-by-
two circuit. This division does, however, result in the 
180° phase uncertainty previously noted. 

The carrier PLL must accomodate receiver frequen-
cy instability, noise and changing doppler shift 
( -250 Hz/hour at 145 MHz, USB. If the loop band-
width is too small the PLL is difficult to tune in initial-
ly, has only a small tracking range, and is generally 
fussy. If it is wide, with little noise, the loop will hold 
lock over a wide tuning range, but it will constantly 
lose lock on noisier signals. So a fixed loop bandwidth 
will not suit every situation. A few experiments will 
show what is wanted in practice: the value will lie be-
tween 10 and 100 Hz. 

clock recovery 
This is accomplished in exactly the same way as 

carrier recovery, by multiplying the data by itself 
delayed by a quarter-bit. This generates an 800 Hz 
proto-clock, which is regenerated with PLL and then 
divided by two. Since the clock frequency is constant, 
the loop bandwidth can be 1 Hz, even with cassette 
tape signals. As with the carrier loop, the clock at this 
stage also has a 180° phase ambiguity. 

clock ambiguity resolution (fig. 7) 
As long as there are 01 's and 10's in the data, which 

means that the inter-bit transitions will be absent, a 
second proto-clock of 400 Hz can be generated by 
EXORing the data with itself delayed by half a bit. 
Although somewhat sparse (trace 3) this extra clock 
has the virtues of correct phase, and coherence with 
the ambiguous clock. 

If these two are now EXORed together, the 
smoothed result is a net high or low. This signal can 
then be used to invert (or not invert) the ambiguous 
clock to the correct sense. 

In fact the second 400 Hz proto-clock could be used 
to excite a PLL. However, with the signals en-
countered in practice, the effective loop gain and 
bandwidth are caused to vary constantly, which makes 
the loop rather fragile — though it does work. 

A particular feature of the clock and carrier recovery 
circuits is their aperiodic, digital design, involving no 
tuned circuits. So their operating frequency can 
be modified simply by changing the VCO center 
frequency. 

block sync detection 
Hex 30,15, ED, 30 is the pseudo-random sequence 

generated by the first stage of a five stage shift register 
having its middle and last outputs EXNORed and fed 
back to its input, starting off all all 0s. 

Using such a feedback shift register, 100% sync 
detection can be effected by comparing the message 
stream bit serially with the output of the first stage. 
If there is a disagreement, the shift register is reset to 
zero; otherwise it is clock on. If the full sequence is 
successfully checked the register will reach its last 
state, which can be detected with a five-bit AND gate 
and used to set a start-of-block flag. The flag then in-
hibits the shift register. 

byte counting 
The block flag releases a byte-block counter. Every 

eighth count signals that a byte is available, and when 
the counter reaches 4096 (8 x 512), the block flag is 
cleared and sync code testing resumes. 

outputs 
Parallel data output is buffered to TTL level, and 

consists of an eight-bit byte, positive-going mid-bit 
strobe, and the block flag. These are brought out to 
a 20-way PCB connector. Pin-out is compatible with 
the BBC Acorn microcomputer 6522 user port, which 
will also provide a 5V supply for the output buffers. 

The serializer gives an RS232-type output at 5 volts, 
1200 baud, with one start, eight data and many stop 
bits (50 characters per second). This could be used 
to drive a printer directly, but the hexadecimal, non 
ASCII Q blocks will cause unpredictable results — 
weird characters and reams of waste paper! Using a 
VDU (video display unit) or the serial port of a com-
puter is tidier. 

circuit notes 
The complete circuit diagram is shown in fig. 8. A 

printed circuit board is available.25 A l l other parts 
may be obtained from Bob Wilson at Radio Kit (Box 
411, Greenville, New Hampshire 03048). 

A half VQD bias is incorporated to 'float' the op-
amps. The 12V supply is not especially critical. 

There is no channel filter built into the design 
because the receiver provides one. The simple limiter 
U1 A* will be effective on a few millivolts of signal. The 
meter circuit U1B is primarily intended to aid tuning; 
but with an external switch S1 it can be used to moni-
tor other signals, in particular the state of lock of the 
two PLL's. 

The main PLL, U3, runs at 16 times the carrier fre-
quency. This drives a four-bit shift register, U5, to give 

"Note that the author's prepared printed circuit board uses the "tC" 
designator for integrated circuits. All other figures follow ham radio style, 
designating IC's as U1A, U1B, etc. 

— Editor 
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fig. 4. Telemetry power spectral density. Vertical scale 
is linear. Note the absence of any line components, 
which would waste power and also make it impossible 
to lock on to the carrier directly. 

Front panel of decoder. 

a quarter-cycle delay. The VCO, U3 is followed by a 
divide by 16 counter, U4, and some logic to generate 
the local Q:2f signal and the recovered carrier CARR 
which translates the signal to baseband in U2A. The 
loop bandwidth is 10 Hz; component values for other 
bandwidths are shown in the table. 

Extraction of the 400 Hz clock is similar to the carrier 
loop; the VCO, U7, runs at 6400 Hz and has a 1 Hz 
loop bandwidth. Note the additional quarter-bit delay, 
U9B, which provides the overall half-bit delay needed 
for the CLKR ambiguity resolution performed by 
U10A, U10C, and R13, C14. The clock extraction cir-
cuits were originally devised for a UOSAT data 
demodulator3 and the integrate-and-dump U1C, U11, 
and U12A is taken from that source too. 

The block sync code detector consists of the feed-
back shift register code generator U14, U15C and final 
state (00001! tester, U16A, U16C. The shift register 
is released when the block bistable, U19A, is clear. 
Incoming data (bit D(0) is tested against the code 
generator in EXOR gate U15A. A high state indicates 
a disagreement, and a CLK pulse resets the shift 
register. If the shift register reaches its last state, a CLK 

pulse at AND gate U17D sets the block bistable, UI9A, 
which also lights an LED. The shift register is reset and 
inhibited, while the bit/byte counter, U20, is released. 

Every eighth count generates a positive, mid-bit byte 
strobe from the shaper circuit, U18C. This pulse 
signals external equipment to read the byte in buffer 
U13, via buffers U21 and U22. 

The serializer works as follows. The rest condition 
has the start bistable, U24B, permanently clocking out 
"s top" which is cascading through from the shift 
register DS input, U25, pin 11. When the decoder has 
a byte ready, byte strobe sets the control bistable 
U24A pin 1 to "load". This prepares the start bistable 
U24B to go to 'start' and the shift register U25 to load 
with bits D(0)-D(7) from the decoder buffer. This hap-
pens on the next high-going edge of the 1200 Hz clock, 
which also clears the load condition. Subsequent 1200 
Hz clock pulses shift the data ou1 of the serializer. 

Outputs have the following conventions: the parallel 
data output byte is 1 high, 0 low. D(0) is the least-
significant bit. "Block" is high true. Byte strobe is a 
high going 20 microsecond pulse, and begins mid-bit. 

VDU, keyboard, and detector. 
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INTEGRATE 
ANO DUMP PARALLEL 

fig. 5. Audio input to the decoder comes from a 2-meter Amateur band receiver. The output is available in parallel or serial 
form to suit the user's computer. 

The serial 1200 baud data format is Start and Data 
0 high, Stop and Data 1 low, eight data bits, l.s.b. sent 
first. The 1200 baud square-wave clock goes low mid-
bit. Note that not all data is ASCII in particular the last 
256 bytes of Q blocks. 

400 bit/s serial data and CLK may be selected as 
the serial output by changing link D and link C. Square 
wave CLK goes low mid-bit. The data is not in 
start/stop telegraphy format. 

setting up 
An audio generator, oscilloscope, and multimeter 

will be needed. A telemetry data test tape will be in-
valuable: this can be recorded off-air or obtained via 
AMSAT-UK 2. The satellite itself can be used for live 
testing, but is not always available when you want it. 
The signal is also noisy, which may confuse matters. 

receiver 
The first job is to decide what carrier frequency will 

be used. Trigger the scope at 200 Hz (or 50 Hz if 
available), tune the receive to OSCAR 10's beacon, 
and display the audio. Amplitude modulation should 
be discernible. Experiment with tuning and bandwidth 
until the signal looks healthy with the mid-bit cross-
over clear and sharp. Now trigger the scope with the 
signal estimate and note the carrier frequency, say fc. 
Any frequency exceeding 1000 Hz will be satisfactory. 

carrier loop 

The objective is to set the loop mid-frequency to 
the measured carrier frequency (fc) and achieve a total 
frequency swing (fsw) at the output of the divide-by-16 
(TP1) of f ^ = 800 Hz. This is slightly complicated by 
the fact that a 4:1 spread in oscillation frequency be-
tween different samples of a 4046 VCO is quite typical. 

Start with the VCO swing, nominally given by 

1 
f s w = J ^ Y ^ - ^ J Q . Apply VDD and then 0 V to pin 9 

of the PLL chip, U3, measure high and low frequen-
cies at TP, and subtract. If the difference fd, is within 
25 percent of 800 Hz, then all is well. Otherwise, 
change C10 for the correct swing. 

Calculate and note the desired VCO upper frequen-
cy, fu = fc + fa/2. Again, connect V[>D to pin 9 of 
the 4046. With the main tuning potentiometer, VR3, 
at mid-position, adjust trimmer VR2 to give frequen-
cy f,j. If this cannot be achieved, then change C10 and 
R7 (in inverse proportion to each other, so as to 
preserve fd) and start again. 

Now inject fc at the audio input. Check that the 
loop locks on this signal. The lock meter should indi-
cate to one side. Slightly vary the input frequency and 
the main tuning control VR3 and observe the tuning 
meter center-zero response. The loop should stay in 
lock over a range of ±fd/2. 
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clock loop 
In the same way as for the carrier loop, check that 

the available frequency swing at TP2 is about 100 Hz 
in total. If necessary, change C12 to achieve this. Then 
adjust VR4 so that the mid-frequency is 400 Hz. 

Temporarily ground U2A pin 1. Inject 400 Hz at the 
audio input. The loop should lock up correctly; this 
will show on the lock meter. Next inject 200 Hz, which 
simulates data 010101. . . (message 11111 ...). Verify 
that the loop locks again. Examine the ambiguity signal 
at U10D pin 12. This should be either high or low and 
should not vary about Vod/2. Now examine the CLK 
signal at U10D pin 10. The low-going edges should 
coincide with the transitions of the input signal. 

H O E V E I S A T V 6 ; 0»85B: K A R L . LIAS A 
V A I L A B L E ALSO 4 2ND SKEO B U T DID 
NOT HEAR U I AH R E A L L Y F U S T R A T E 
D AT NOT BEINC ABLE TO F I G U R E 
OUT HOW U KNEW WHERE TQ P U T S^C 
TO O B T A I N S ' A OF 3 ? . E V E N NQU 
A F T E R I T S THERE I S T I L L C A N ' T S E 
E HOU S^C HAS THAT S.-A I KNOW 
T H E L A T x L O N G OF BOTH SUN AND S ' C 
, B U T T H E ANGLES D O N ' T S E E H TO 
MAKE 37C0R ANYWHERE C L O S E ) P S E E 
X P l . A I N BY L E T T E R . C A S S E T T E OR "M" 
BLK COT UR ZEROX INFO IN M O I L 2 D 
AY A L S O P H I L S 11*0 UHICH I UNDER 
S T A N D VY WELL CL UID T E S T I N G . * 
HO PROBLER UIO SKEDS 7 3 RANDY 

Enlarged view of display. 

Disturb loop lock a number of times by removing 
the 200 Hz input signal for a few seconds. Each time 
this is done the ambiguity signal will assume a ran-
dom state, but CLK should always resolve itself to the 
correct phase. 

V q d / 2 supply 
Remove the temporary ground from U2A pin 1. 

Apply receiver random noise to the system input. Con-
nect an analog meter (on VDC) across pins 1 and 2 
of the bistable U12A. Adjust the half-supply control 
VRt for zero reading. 

testing 
Once the system has been adjusted it may be 

checked out live or with a test tape2. The waveforms 
obtained should be as shown in figs. 6, 7, and 9. A 
number of features of the satellite data make this 
easier. The padding character hex 50 and < space > 
both occur in longish bursts. In addition, the sync code 
tester will obviously not work unless everything else 
is going properly, and so illumination of the "block" 
LED once every 14 seconds for 10 seconds provides 
a quick, comprehensive overall check. 

decoding data 
The design of the software to decode and display 

the data is straightforward enough, but it is outside 
the scope of this article to present it in full. 

The computer should examine the block flag until 

CAHfitCR CARRIER 
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fig. 7. Resolving clock ambiguity: input to the smoother results in a net low on the capacitor, so ex-or inverts C/kR to 
the correct phase. Clk. If Clk had been correctly phased in the first place, then the capacitor would hold high and ex-or 
would not invert. 

it is asserted, then wait for a byte strobe. It should 
then read in the byte; place it into a 512-byte buffer 
and await the next strobe. Alternatively, bits may read 
in serially and packed away. 

When all 512 bytes have been read, decoding can 
begin. In real-time there are 4 seconds in which to do 
this. Check that the first two bytes are recognizable 
identifiers, e.g. Q < space>. Then all that remains is 
to pick out the items of interest such as volts, amperes 
and temperatures and to display them on a printer or 
screen in an appropriate format. 

Alternatively it is possible to dump the lot, or 
selected bytes, to storage for later processing, perhaps 
to monitor specific parameters or to plot graphs. 

performance 
A useful indicator of performance is given by the 

bit error rate. If we define a reasonable rate as less 
than 1 in 10,000 bits, i.e. an average of one error every 
other block, the theoretical channel signal-to-noise 
ratio S /N should be 2.4dB in 1600 Hz bandwidth. 
Allowing for the signal amplitude modulation and the 
limiter, the practical figure is actually about 6.2dB, 
peak signal power to noise power, or 2:1 in voltage. 
With care this can be verified experimentally — the 
signal sounds and looks pretty ragged. 

Decoder board with ribbon connector and decoder. 

An S /N of 6.2dB is represented in the lab by the 
surprisingly small figure of 52 nanovolts (nV) 
( -133dBm) at the input of a receiver having a 3dB 
noise figure. Now, the 2m general beacon transmits 
about 1W (+30dBm); the space loss over a 24,850 
mile (40,000km) path is 168dB, so the received signal 
at a unit gain antenna is roughly - 138dBm. Thus an 
antenna gain of 138 - 133 = + 5dBi is needed, plus 
a margin for fading, cable losses, wider bandwidth, 
higher receiver noise figure and so on. 

In practice this means that for satisfactory recep-
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OSCAR-IO PSK demodulator parts list. 

capacitors (all 16 volt rates) 
potentiometers 

C1-C6.C21 
C7 

0.047 <iF 
4700 pF 

VR1 
VR2,4 

50k preset, cermet. Spectrol 62 
500k preset, cermet. Spectrol 43 

C1-C6.C21 
C7 

0.047 <iF 
4700 pF 

VR3 500k linear, carbon 
C8 0.01 /jF 

500k linear, carbon 

C9 0.022 mF resistors (all 5 percent) 
C10 - see text 220 pF 5 percent,* R1, R7 1M 
C11 — see text 1 fiF tantalum R2.R3.R14 330k 
C12 - see text 1200 pF 5 percent* R4 3.3M 
C13,C14 4.7 /iF tantalum R5 10M 
C15.C17 0.001 mF R6 56k 
C16 0.01 R8,R11,R13 470k 
C18 0.0022 mF R9 — see text 27k 
C19 470 pF R10 2.2M 
C20 33 pF R12 39k 
C22 68 pF R15.R16, R20 
"polystyrene R21.R24.R25 100k 

" g o o d polyester R17 
R18 

470 
47k 

CMOS integrated circuits R19 1k 
U1 TL084 quad op amp R22 6.8k 
U2,6,10,15 4070 quad EXOR R23 15M 
U3,7 4046 PLL 
U4,8 4161 divide-by-16 semiconductors 
U5,9,13,14 4015 quad-4 bit SR CR1 LED 10 mA red 
U11 4066 quad switch CR2,3,4 1N4148 (or equivalent) 
U12,19,24 4013 dual-D type Q1 BC107 (or equivalent) 
U16 4075 triple-3 OR 
U17 4081 quad-2 AND miscellaneous 

U18 4069 hex inverter M l ± 100 fiA center zero meter 

U20 4040 12-bit divider X1 2.4576 MHz crystal HC33/U size 

1)21,22 4050 hex buffer J1 20-way PCB header for IDC connector 

U23 4060 Osc/14-bit divider J2,3 16-pin OIL socket 

U25 4014 8-bit SR S1 
TP1-4 

1P3T (1 pole, 3 position) switch 
test points 

Note: The meter, VR3. CR1, and the switch, S1, are not mounted on the board. Links LKC, D, X, Y, and Z are made from hook-up wire. 
PC board designators have been left in British style. 

tion a modest Yagi or equivalent is needed, pointed 
at the satellite. 

It is worth noting that it is typical of optimal 
demodulators that they exhibit a marked performance 
threshold effect. In our "6.2dB" example above, a 
reduction in the S /N of only 1dB results in a dramatic 
tenfold error rate increase. This is most apparent 
where there is a rapid fading (usually induced by the 
satellite's 40 rev/min spin): what appears to be a 
healthy signal actually results in bursts of errors at S /N 
minima. Spin fading occurs most strongly a few hours 
each side of apogee, when the spacecraft's antennas 
are not pointing directly towards Earth. 

Because of the differential decoding scheme, a 
single bit error leaving the integrate-and-dump section 
results in two adjacent bit errors at the system out-
put. This should be remembered if any software error 
checking is to be attempted. 

a further decoding method 
Finally, there is another method of decoding the 

signals. There is a distinctive relationship between the 

message bits (as opposed to data bits) and the en-
coded stream. Each message1 results in a D©CLK 
signal with missing inter-bit transitions, whereas a 
message 0 does not (see fig. 3). 

So an alternative decoding method is to treat 
D©CLK as a stream of 800 bit/s half-bits, grouped in 
pairs. Two similar successive half-bits are decoded to 
a logic 1 output, and two differing half-bits to a 0. 

This can be implemented most simply by feeding 
the integrator with D 0 C L K , clocking the intergrate-
and-dump and differential decoder with 1:800, and in-
verting the data output sense! Links X, Y and Z are 
provided to enable experimenters to evaluate this. 

The error properties of this arrangement are in-
teresting. Because the signal energy per dump deci-
sion has halved, the half-bits' intrinsic error rate is 
much higher than a whole bit's, but it is now possible 
for single message bits only to be corrupted. 

The presence of a mid half-bit-pair transition for 
zeros implies that the carrier energy per bit for a 0 is 
about two-thirds of that of a 1. So message 0s are 
more easily corrupted than 1s. This contrasts with the 
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w h o l e - b i t d e c o d e r , w h e r e 0 o r 1 d a t a b i t e r r o r s a r e 

e q u a l l y l i ke ly b u t two m e s s a g e b i ts a r e a l w a y s c o r -

r u p t e d t o g e t h e r , t h o u g h less f r e q u e n t l y . 
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ham radio 
TECHNIQUES 

electron-hole theory 
exposed as fraud 
Have you been bemused and con-
fused by the electron-hole therory? Do 
charges, valence bonds, and the 
3/2-power law make you nervous? 

A startling discovery by Mark Per-
sons invalidates all of this claptrap! In 
a recent issue of Radio World* Mark 
reveals how electronic equipment real-
ly works: 

For many years, young electronic 
technicians have been taught the 
"hole" theory of electronics. This 
theory explains how electrons move 
along conductors and semiconduc-
tors. The explanation has been good 
enough to satisfy or keep at bay any-
one who might otherwise question the 
theory. 

However, after a number of years 
working in the broadcast industry, / 
have come to realize the "hole" ex-
planation may not be correct. 

My theory, which has been proven 
time and again by personal observa-
tion, is that electronics works on 
smoke. Yes, that's right. / recently 
learned that every manufacturer en-
capsulates a certain amount of smoke 
in every piece of electronic component 
he builds. The smoke is what does the 
work. 

You have probably noticed that a 
component will quit working when the 
smoke leaks out. I've documented this 
many times and it conclusively proves 
my theory. My theory sure beats the 

"hole" theory. I've never seen holes in 
a wire, and why don't electrons pour 
out of the end of the wire, if the wire 
is broken? 

I say Mark Persons is RIGHT. I've 
seen smoke many times, but I've never 
seen an electron. Hats off to this 
pioneer whose discovery will be cele-
brated each April in the years to come! 

more on VCR RFI 
The subject of video cassette 

recorder RFI seems to keep coming 
up. It's a tough problem, and will prob-
ably get worse, according to Bill 
Pasternak, WA6ITF, who writes: 

VCR-RFI is becoming a major prob-
lem and unless the manufacturers re-
turn to a higher quality product as was 
the case with the earlier models, / am 
afraid that there is little that can be 
done to solve the problem. 

While broadcast station VCRs are 
designed to be immune to relatively 
strong rf fields, this is not true with the 
consumer machines. For the past five 
years, the manufacturers have been 
concentrating on reducing size and 
bulk and thereby the cost of manufac-
ture by eliminating as much of the in-
ternal metallic construction as is pos-
sible. In most cases, the modern VCR 
consists of one or two printed circuit 
boards on which are mounted all of 
the electronic components. The only 
shielding is that of "tin cover plates" 
soldered over individual circuits that 
must be shielded to operate. The 

boards are, for the most part, secured 
to the plastic mainframe of the VCR 
and grounding between boards and 
chassis-of-transport is done with No. 
18 wire. This construction technique, 
combined with the operating frequen-
cies of the unit leaves it wide-open to 
interference. 

The home VCR package is too small 
and confined to properly shield it 
without chancing damage of compon-
ents on the PC boards. Today it ap-
pears to be "build them as cheaply as 
you can so the local discounter can sell 
them for under $300." 

Unlike a TV receiver which can be 
effectively shielded and protected, this 
cannot be done with the modern home 
VCR. Only the equipment manufactur-
er can solve the problem, and as long 
as we go to cheaper, plastic construc-
tion, the problem will worsen rather 
than improve. 

Finally, if you are not trained on how 
to service a VCR, don't even open it 
up to see what's inside. This is one 
piece of consumer electronics that 
should only be serviced by a highly 
skilled technician. 

/ have written a book that covers the 
entire spectrum of video recording 
from the VRX-1000 to the home VHS 
machine. It is titled Videocassette 
Recorders: Buying-Using-Maintaining 
and it is available from TAB Books. If 
any reader of your column is contem-
plating the solution of VCR-RFI, / urge 
them to read this book, or any other 
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fig. 1. Representative audio response of the Yaesu FT-980 using audio generator at 
microphone jack and measuring RF power output. (Curve run by NE5S.) 

good book on the subject, before they 
open up the case. Once they read it, 
however, they will understand why 
they should turn their problem over to 
a professional. 

Hard words! But WA6ITF has been 
in video recording since the late 1950s, 
when Amperex introduced the famous 
VRX-1000 broadcast video recorder/ 
reproducer. He emphasizes a serious 
problem that looks like it will only get 
worse in 1985! 

transceiver frequency 
response 

In the October, 1984, issue of ham 
radio I wrote about the audio frequen-
cy response of various SSB transceiv-
ers. I received a note from Emile, 
N5ES, who writes: 

/ ran a test on my FT-980 (see f ig. 1). 
While the fluctuations don't seem too 
bad, it is my opinion that the whole 
response curve seems 300 to 400 Hz 
too low. Of course, there are other fac-
tors to consider, such as microphone 
response. / use a SHU RE444and have 
gotten consistently good quality re-
ports. Wouldn't it be nice if we had 
some standards in this respect! (See 
"Microphone Calibration," by Daniel 
Peters, NY6U, ham radio, June, 1984, 
page 73.) 

In this regard, Steve, K6FS, says: 
The point that concerns me is the ap-
parent confusion among Amateurs be-

PRACTtCAL SSB 

PASSBAND FOR 

IMPROVED 

INTELLIQI0 ILITY 

100 200 SOO 1000 J 3000 | 10000 

300 2000 5000 

I (Hi! 

fig. 2. Typical (400-2600 Hz) and improved 
(300-3500 Hz) SSB passband (long-term 
average speech spectrum). Figure is 
adapted from The Speech Chain by 
Denes and Pinson, Bell Telephone Labo-
ratories (1960). (Data courtesy of KSFS.) 

tween speech "quality" and commu-
nication "intelligibility." By no stretch 
of the imagination can "quality" or 
"fidelity" be applied to the band-
limited, relatively low signal-to-noise, 
high distortion conditions prevailing in 
Amateur SSB service. On the other 
hand, a 2800 to 3000 Hz wide pass-
band will yield adequate intelligibility 
under typical Amateur conditions, if 
properly placed in the speech spectrum. 

Results of a good amount of re-

search indicate that practical passband 
limits are 300 and 3000 Hz (possibly as 
high as 3300 Hz! with an in-band rip-
ple of plus or minus one decibel. (See 
"Defining the Decibel" by Michael 
Gruchalla, ham radio, February, 1985, 
page 51, and "Better Sounding SSB" 
by Richard L. Measures, AG6K, ham 
radio, February, 1984, page 58. — Ed.) 

If it is necessary to narrow the 
transmitted passband, then intelligibil-
ity can best be protected by raising the 
lower limit to as high as 1000 Hz rather 
than shrinking the passband symme-
trically. Voice frequencies below 1000 
Hz are not as important to intelligibili-
ty as are those above. 

One other point of confusion seems 
to exist: the terms for expressing filter 
passband limits. Usually measured in 
voltage terms, filter characteristics are 
often expressed as Hz between the "6 
dB-down"points. This is equal to the 
half-power points "3 dB-down," in 
power terms. (A dB is a dB is a dB. 
- Ed.) 

Measurements based upon power, 
such as shown in your article in the 
October, 1984, issue of ham radio (see 
pages 109-111), were evidently based 
on output power measurements. If this 
is so, the distance between half-power 
points (shown on right-hand ordinates) 
delineate much narrower passbands 
than the "6 dB bandwidth"shown for 
each filter. Thus, by conventional 
terms, the IC- 730 has a 2000 Hz pass-
band (400-2400 Hz), the KWM-1 about 
1600 Hz (550-21SO Hz) and the 
modified TS-830, 1800 Hz (400-2200 
Hz). My suspicion is that all three 
would sound "muddy, "cutting off the 
critical higher frequencies, as they ap-
pear to do. 

/ note that my TS-130 service man-
ual directs that carrier insertion be ad-
justed so as to set the -6 dB points 
at 400 and 2600 Hz. That's 2200 Hz 
bandwidth — tolerable but hardly op-
timal. 

/ am enclosing a copy of the basic 
spectrum level curve by Denes and 
Pinson, published in 1960 by Bell 
Telephone Laboratories. / have drawn 
in some passbands showing typical 
and suggested SSB filter character-
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fig. 3. 160-meter Marconi antenna. 
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istics to illustrate the relationships 
discussed (see fig. 2). Note how much 
energy the human voice produces be-
low 500 Hz. It's not essential to in-
telligible communication. 

Well, it looks to me as if the pass-
band filter in most Amateur SSB 
equipment cuts off too soon in the HF-
voice region. Passing voice frequen-
cies out to about 3500 Hz can improve 
intelligibility and not widen the spec-
trum of the signal appreciably. Most 
Amateur signals I've heard are wider 
than their voice passband anyway, 
mainly because of flat-topping in a 
linear amplifier stage (the "all-knobs-
to-the-right" syndrome). 

the 160-meter 
Marconi antenna revisited 

My remarks on a 160-meter anten-
na in my July, 1984, column included 
a discussion of a practical Marconi 
antenna and matching network for 160 
meters. After six months of use, I've 
come up with a better, simpler and 
even cheaper unit. The new design is 
shown in fig. 3. 

The Marconi is matched to the 
50-ohm antenna part of the transmit-
ter through an L-network, which con-
sists of a shunt inductor and a series 
capacitor. The capacitor consists of a 
shorter than resonance antenna — 

thus it costs nothing. The inductor !L1) 
is quite small and can take the form of 
a tapped coil. This arrangement elimi-
nates the expensive high-capacitance 
variable capacitor required for the 
popular L-network that most Amateurs 
use. 

The antenna is cut for the high fre-
quency end of the band (2 MHz) and 
has a passband of about 75 kHz be-
tween the 2:1 SWR points. A small 
series inductor (L2) is added to the an-
tenna to operate it lower in frequency. 

So for the price of two inexpensive 
inductors, it's possible to construct a 
Marconi antenna that will work at any 
point in the 160-meter band. 

a few words on 
ground current 

The "mirror image" in the ground 
makes up the missing portion of the 
Marconi antenna, and power lost in 
ground resistance is subtracted from 
the total power. One problem with 
160-meter operation is that the anten-
na is large with respect to the 
residence and the electric wiring 
therein, and it's easy to get unwanted 
coupling into the power lines that 

shows up as TVI and RFI in nearby 
entertainment equipment. (When I 
first went on 160 meters a few years 
ago, after a 40-year absence from the 
band, I was chagrined to find that the 
ceiling light in the living room lit up 
every time I transmitted.) 

It is not easy to keep ground cur-
rents where they belong, since the 
transmitting equipment is connected 
directly to the power system ground by 
means of the power cord (fig.4). If a 
radio ground is added to the transmit-
ter, two ground return circuits exist 
and a ground loop is formed in which 
high levels of current can f low. This 
circulating current can show up as 
mysterious manifestations in nearby 
radio and TV receivers as they, in turn, 
may be coupled back into the power 
system ground. 

Since utility companies demand 
power system grounding, there's not 
much that can be done about it. The 
correct approach, therefore, is to 
isolate the transmitting equipment 
(from an RF point of view) from the 
utility ground, which is often located 
wavelengths away at the main distribu-
tion transformer. 
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The solution is to wrap the power 
cord of the transmitter around a fer-
rite core, forming an RF choke that 
isolates the equipment from the utility 
ground and makes the RF flow to 
ground via the radio ground attached 
to the equipment. 

While this technique is a must for a 
Marconi antenna, it can also be useful 
with other antenna types. Regardless 
of the antenna type you have, if you 
have RFI problems, try wrapping the 
power cord of your transmitter (and 
amplifier, if you use one) around a fer-
rite rod. Wrap the power cord of the 
entertainment device around another 
ferrite rod, too. You might be surprised 
at how it helps clean up interference. 

In my case, I taped two rods to-
gether so that the winding form was 
large enough for the bulky power cord. 
I got nine turns of line cord around the 
rods and then tied the power line into 
position at each end of the core. A 
recommended rod for the job is the 
Amidon R-33-075-1200, 12 inches long 
(30.48 cm) and 3/4-inch (1.90 cm) in 
diameter. For bands higher than 160 
meters, the Amidon R-33-075-750,7.5 
inches (19 cm) long and 1/2-inch 11.27 
cm) in diameter, will suffice. (The rods 
have a permeability of 800.) If a to-
roidal core is desired, the Amidon FT 
240-43 can be used. It is 2.4 inches (6.1 
cm) outer diameter and has a permea-
bility of 850. 

new list of 
EME operators 

An up-to-date list of all 2-meter EME 
(moonbounce) operators has been 
compiled by Lance, WA1JXN. If you 
would like to have a copy, send a 
business-size SASE to me at Varian 
El MAC, 301 Industrial Way, San 
Carlos, California 94070, and ask for 
the "EME List." Please enclose five 
first-class stamps, or five IRCs, for 
copying and postage. The list provides 
calls, addresses, and equipment used 
at active 2-meter EME stations 
throughout the world. 

references 
1. Mark Persons. "Field Service." Radio World. 
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a state-of-the-art 
electromagnetic jargon generator 

The active field discriminator circuit presented in 
this article operates on the principle of balanced 
product isolation. Signals from the electromagnetic 
vector multiplier and one parasitic signal coupler are 
combined with the output of an external harmonic 
amplitude detector. The resulting waveform is routed 
through the isotropic polarization generator for pro-
cessing, before being applied at the output to drive 
an orthogonal distortion filter. (See block diagram, fig. 
31. Possible applications include circular wave oscillator 
adjustment, as well as optimized linear frequency 
amplification. 

Impressive, isn't it? The above paragraph from one 
of my previous articles generated considerable excite-
ment in the technical community, inspired two doc-
toral dissertations, and ultimately led to the Nobel Prize 
in Linguistic Obfuscation. But now the secret is reveal-
ed: the text above, along with all the rest of my 
previous technical articles, was generated by a com-
puter. And here, for the first time in print, I reveal the 
secret of my literary success. 

The technique upon which the state-of-the-art elec-
tromagnetic jargon generator is based was pioneered 
by social scientists, perfected by government em-
ployees, and has long been the mainstay of the legal 
profession. It involves no more than generating lists 
of appropriate buzzwords and catch phrases and corn-

table 1. "Starter list" of technical terms selected by 
author for optimal obfuscation potential. 

column A column B column C 
linear wave amplifier 
circular frequency oscillator 
elliptical phase mixer 
orthogonal distortion filter 
isotropic polarization detector 
harmonic amplitude coupler 
parasitic signal generator 
electromagnetic vector multiplier 
balanced product isolator 
active field discriminator 

bining them in a more or less random manner to pro-
duce a desired effect. Frequently three separate 
columns of words are supplied; thus, creating a 
ponderous technical term becomes no more complex 
than ordering dinner in a Chinese restaurant. Simply 
choose an adjective from Column A; a noun from 
Column B; and a noun from Column C. Add a fortune 
cookie ("You will meet an attractive stranger and be 
disappointed . . .") and a cup of hot tea, and you're 
ready to go. The result is the generation of phrases 
that sound important but mean absolutely nothing! 

origin of the specious 
Jim Buss, formerly K0QWI, provided the inspiration 

for this article. As a technical manager at the NASA 
Johnson Space Center in Houston, Jim generates 
reams of paperwork daily, including such classic 
phrases as: Integrated Management Options (IMO), 
Total Organizational Flexibility (TOF), and Systema-
tized Policy Projection (SPP). Why not, he suggested, 
apply his literary technique to the fields of microwave 
and electronic communications? 

Why not, indeed? Table 1 contains a three-column 
"starter list" of words judiciously selected to meet your 
technical jargon requirements. Mix and match at will. 
By changing the suffix of the words in Column C Isuch 
as "generator" to "generation"), you can create gram-
matically correct terms guaranteed to fit practically 
anywhere in a sentence. To automate this process, 
I have provided, in table 2, a BASIC program listing 
designed to generate up to 1000 unique terms. How's 
that for Parasitic Distortion Generation? 

Remember, Electromagnetic Wave Isolation re-
quires the use of active phase detectors in combina-
tion with at least one elliptical polarization coupler to 
result in a harmonic vector discriminator of un-
paralleled quality. Now, reread all of my previous ham 
radio articles'19 and see how many of these terms 
you recognize! — W ' / > 

By H. Paul Shuch, N6TX, 14908 Sandy Lane, 
San Jose, California 95124 
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table 2. Microsoft™ BASIC program facilities generation of up to 1000 incomprehensi-
ble technical terms.* 

10 ' > JARGON.BAS < -

'84 Rev. A , 13 Aug 

by N6TX 

COPYRIGHT (C) 1984 KICR0C0MM 

Generates totally meaningless coablnatlons 

of Microwave/Electronics buzzwords! 

20 
30 

4 0 

50 

60 
70 

8 0 " 
90 

100 CLR$ - CHR$(26) " Defines Clear-Screen String 

110 PRINT CLR$ 

120 PRINT "DO YOU WISH OUTPUT ROUTED TO:" 

130 PRINT 

140 PRINT " PRINTER (F)" 

150 INPUT " or SCREEN (S)";PR$ 

160 IP PR$-"P" OR PR$-"p" OR PR$-"S" OR PR$-"s" GOTO 200 

170 PRINT CLR$ 

180 PRINT "YOU MUST RESPOND WITH ' ? ' OR " S " : PRINT 

190 GOTO 120 

200 ' 
210 PRINT CLR$ 

220 ' Random Number Seed entered here 

230 PRINT "'JARGON.BAS' generates random combinations of" 

240 PRINT "Microwave/Electronics buzzvordB, for Inclusion" 

250 PRINT "In technical manuscripts. 

260 PRINT 

270 PRINT "To start the randomization process, it will be" 

280 PRINT "necessary to enter a Seed Number." 

290 PRINT 

300 INPUT "ENTER ANY NUMBER HERE: ",S 

310 RANDOMIZE (S) 

400 ' 

410 PRINT CLRS 

420 INPUT "How many technical terms d o you wish to generate";N 

430 IF N>0 GOTO 460 

440 PRINT : PRINT "number entered must be greater than 1." 

450 GOTO 420 

460 IF N - INT(N) GOTO 490 

470 PRINT : PRINT "number entered must be an Integer." 

480 GOTO 420 

490 PRINT CLRS 

500 ' 

510 ' ARRAY LISTED HERE 

520 DIM A$(10,3) 

530 A$(0,0) - "LINEAR": A$(0,1) - "WAVE": A$(0,2) - "AMPLIFIER" 

540 A$(1,0) - "CIRCULAR": A$(l,l) - "FREQUENCY": A$(l,2) - "OSCILLATOR" 

550 A$(2,0) - "ELLIPTICAL": AS(2,l) - "PHASE": A$(2,2) - "MIXER" 

560 AS(3,0) - "ORTHOGINAL": AS(3,1) - "DISTORTION": AS(3,2) - "FILTER" 

570 A$(4,0) - "ISOTROPIC": A$(4,l) - "POLARIZATION": AS(4,2) - "DETECTOR" 

580 A$(5,0) - "HARMONIC": AS(5,l) - "AMPLITUDE": A$(5,2) - "COUPLER" 

590 A$(6,0) - "PARASITIC": AS(6,l) - "SIGNAL": AS(6,2) - "GENERATOR" 

600 A$(7,0) - "ELECTROMAGNETIC": A$(7,1) - "VECTOR": A$(7,2) - "MULTIPLIER" 

610 A$(8,0) - "BALANCED": AS(8,1) - "PRODUCT": A$(8,2) - "ISOLATOR" 

620 A$(9,0) - "ACTIVE": A$(9,l) - "FIELD": A$(9,2) - "DISCRIMINATOR" 

630 ' 
640 ' 

650 IF PR$ - "S" 

660 LPRINT " 

670 LPRINT " 

680 LPRINT 

700 ' 

710 ' 

715 PRINT CLRS 

720 FOR I - 1 TO 

730 ' 

740 X - INT (RND 

750 A - INT (X I 

760 B - INT (X / 

770 C - X - (100 

PRINT HEADER 
OR PR$ - "s" THEN 700 
ELECTROMAGNETIC JARGON BY MICROCOMM" 

START LOOP HERE 

GENERATE RANDOM 3-DIGIT NUMBER 

* 1000) 
100) 
10) - (10 * A ) 
* A ) - (10 * B) 

780 PRINT A$(A,0);TAB(17);A$(B,1);TAB(34);A$(C,2) 

1010 IF PR$ - "S" OR PR$ - "8" THEN 1030 

1020 LPRINT A$(A,0);TAB(20);A$(B,1);TAB(40);A$(C,2) 

1040 NEXT I 
1050 PRINT : PRINT 

1060 IF PR$ - "S" OR PR? - "s" THEN 1100 
1070 LPRINT : LPRINT 
1080 LPRINT : LPRINT 

1100 INPUT "TYPE <return> TO CONTINUE, 'Q" TO QUIT ",D$ 

1110 IF DS - "Q" OR D$ - "q" THEN GOTO 1130 

1120 GOTO 630 

1130 END 
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ham radio 

r SHORT CIRCUIT HOTLINE 

*This program is also available for the Apple HE. Send SASE. 

Building a current ham radio project? Call the 
Short Circuit Hotline any t ime between 9 A M and 
Noon, or 1 to 3 PM — Eastern t ime — before you 
begin construct ion. We' l l let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher's L o g / ' Apri l , 1984, page 6, for 
details.) 

s 603- 878- 1441 ' 
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improved carrier 
suppression for the 
MC1496 

The MC1496 has been around for 
many years and has enjoyed wide-
spread popularity in many balanced 
modulator design applications. Re-
cently, while attempting to build a 
50-MHz DSB generator using this de-
vice, I came across several small cir-
cuit improvements that will increase 
the carrier suppression levels, especial-
ly at the higher frequencies. 

The first improvement involves the 
use of a bifilar wound toroidal tank cir-
cuit that takes advantage of the inher-
ent self-balance of the bifilar windings, 
yielding a noticeable improvement in 
carrier feedthrough. In addition, by 
feeding the signal into the center tap 
of the bifilar winding through a series 
choke arrangement, the windings are 
isolated from unbalanced ground 
effects. 

Normally carrier balance is set 
through a DC biasing adjustment using 
a trim pot. The addition of two small-
value trimmer capacitors from each 
side of the MC1496 output pins to 
ground substantially improves carrier 
suppression by allowing further bal-
ance of the RF tank circuit. If interac-
tion occurs, some readjustments may 
be necessary for optimum results. 

Finally, while the recommended car-
rier injection level is 60 mV RMS, I 
found that by varying the LO drive 
slightly above or below this level often 
offered improved carrier suppression 
levels. Any variation in drive level, at 

50 MHz, will upset the circuit balance 
and require further carrier balance 
readjustments. 

While these changes apply to the 
MC1496 at 50 MHz, one may wish to 
try similar modifications, at lower fre-
quencies, to improve the expected 
level of performance from this device. 
It is likely that these techniques could 
be applied to the SN76514 and SL6440 
IC mixer devices. 

Peter Bertini. K1ZJH 

bulkhead connector 
The type 83 bulkhead connector 

(83-1F) is useful as a panel-mounted 
coax feedthrough; however, these fit-
tings are expensive and are available 
to most hams only through mail order. 
The PL258 (83-1J) double-female con-
nector is inexpensive and is carried by 

fig. 1. Cross-section of homemade bulkhead 
connector. 

Radio Shack stores, but it has no pro-
vision for panel mounting and at-
tempts to solder a flange to it invariably 
result in melted polystyrene dielectric. 
A weekend project can be thwarted by 
the lack of a suitable fitting. 

A satisfactory, if not aesthetically 
perfect substitute for the 83-1F will 
provide mechanical stability and can 
be assembled from locally-available 
parts. The outside diameter of the 
coupling ring of a PL259 (83-1SP) is 
nearly the same as that of 112" EMT 
electrical conduit. Half-inch EMT fit-
tings are available at most hardware 
stores. A compression-type 1/2-inch 
EMT junction box connector will grip 
a PL259/PL258 pair to form a sturdy 

panel-mount coax connector, as 
shown in cross-section in fig. 1. It is 
only necessary to remember to slide 
the EMT connector onto the cable 
before installing the PL259. 

Gary Myers, K9CZB 

Midway Amateur Radio 
Club assumes management 
of North American TRN 

The Midway Amateur Radio Club of 
Kearney, Nebraska, now sponsors the 
North American Teleconference Radio 
Net (TRN). TRN links together over 
150 gateway stations (mostly VHF/ 
UHF repeaters) across the US and 
Canada to present high quality tech-
nical and informational programs of 
interest to Radio Amateurs. Past 
speakers on TRN have included Vic 
Clark, W4KFC, and Senator Barry 
Goldwater, K7UGA. 

The idea for TRN began with Ed 
Piller, W2KPQ, and Charlie Kosman, 
WB2NQV. In the early 1980's Ed and 
Charlie began linking repeaters by 
telephone to provide technical presen-
tations as a joint project of the Long 
Island Mobile Amateur Radio Corps 
(LIMARC) and the Long Island Chap-
ter of IEEE. However, with the tele-
phone bridging equipment available to 
them, it was difficult to provide high 
quality audio to and from all partici-
pating repeaters. In late 1982 Rick 
Whiting, W0TN, a telecommunica-
tions engineer, became net manager. 
Rick made arrangements with Lou 
Appel, K0IUQ, of Darome, Inc., to use 
Darome's sophisticated multipoint tele-
conference bridges to provide the 
"land line" links for repeaters. The 
result was superb audio quality and a 
rapid growth in the number and distri-
bution of gateway stations in the net. 
Lou will continue to be the bridge 
engineer in TRNs under the new net 
manager. 

Requests for TRN information 
should be sent to TRN Manager, 
c/o Midway Amateur Radio Club, 
P.O. Box 1231, Kearney, Nebraska 
68847-1231. (SASE please, Canada 
excepted.) ham radio 
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D X FORECASTER 
Garth stonehocker, KORYW 

sunspot cycle views 
In the October, 1984, DX Forecaster 

we discussed the present 10.7-year 
sunspot cycle. How accurate were our 
six-month predictions? 

The solar flux dropped even lower 
than the minimum forecast for August 
as a result of an almost non-existent 
27-day cycle variation (i.e., a nearly 
spotless sun) from mid-September to 
mid-November. October had the year's 
lowest recorded monthly solar flux — 
74. The minimum daily value of flux so 
far in sunspot cycle 21 was 69 on 
September 29. Since October, both 
flux and activity have increased, ap-
proaching the February-March annual 
maximum of approximately 90 flux 
units (36 SSN). 

Expect the flux to decrease toward 
an annual minimum during the months 
of July, August, and September. Ex-
pect the daily flux to drop down near 
the previously recorded low of 67 
(August 25, 1954) during the summer 
1986 or 1987. The sunspot cycle de-
cline has definitely changed during 
1984, from the steep decline experi-
enced during 1982 and 1983 at a rate 
of 4.5 flux units per month to a leisure-
ly rate of about 5 per year. 

What does this mean in terms of 
working DX over the next few months? 
As the solar flux decreases, the MUF 
can also be expected to decrease. Al-
though this might suggest a pessimis-
tic view of summertime DX, the oppo-
site is often the case: F2 layer propa-
gation is poorer when the F2 layer 
MUFs is low; however, two compen-
sating propagation effects also occur. 
The first is due to the greater number 
of hours of daylight in the summer, 
which means MUF rises earlier in the 
day. Also, the MUF remains higher un-
til sunset than it does in winter. This 
effect is mainly felt on paths in east-
west and northern directions in our 

hemisphere. On southern bearings, 
which are usually transequatorial (TE) 
one-long-hop in winter, the MUFs in 
the evening are usually lower in the 
summertime — i.e., not much TE pro-
pagation is available; the high electron 
density areas + 20 degrees from the 
magnetic equator just don't build up 
in the summertime as they do in the 
winter. 

The other compensating propaga-
tion factor is sporadic E, which pro-
vides short-skip conditions out to 1200 
miles (2000 km), with multiple hops 
possible. This propagation follows the 
sun across the sky with maximum ef-
fect at local noon for higher band 
DXing and near sunrise and sunset for 
the lower frequency bands. More 
detailed information on using Es prop-
agation will appear in next month's 
column. 

last-minute forecast 
The higher HF bands, 10-30 MHz, 

are expected to be very good during 
the first two weeks of April, with the 
27-day solar flux maximum the main 
determining factor. Transequatorial 
openings should be good the second 
and third weeks of the month, corre-
sponding to disturbed geomagnetic 
field conditions, and during the 
equinoctial period. The lower frequen-
cy bands, 2-10 MHz, are expected to 
be best during the third and fourth 
weeks, at least between weather storm 
fronts moving by your location. Look 
for unusual DX on east-west paths that 
touch the auroral latitudes, (60 to 70 
degrees north latitude) during disturb-
ed periods in the middle of the month. 

The perigee of the moon's orbit (for 
moonbounce DX) is on the 5th, with 
the moon showing full phase on the 
5th. There will be a short meteor 
shower, the Lyrid, on April 20-22, with 
a rate of five per hour — hardly much 
help for meteor-scatter DX. But a big-
ger shower, the Aquarid, starts before 
the end of April, peaks on May 5, and 
ends in mid-May. Its rate is 10 to 30 
per hour. 

band-by-band summary 
Ten meters will be open to the south 

and southeast for a short period before 
local noon, to the south at noon, and 
to the southwest in the afternoon. The 
openings will be longer when the solar 
flux is at its 27-day cycle maximum. 
Even better transequatorial one-long-
hop conditions will occur during 
disturbed periods. Listen to WWV at 
18 minutes after the hour and note the 
geomagnetic field status announce-
ment (A and K indices). 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty should stay open on long 
southern paths into the night, while 15 
will drop out in the late afternoon. 
Operate 15 first and move down to 20 
meters. Contacts out to 5000 to 7000 
miles (8000 to 11,200 km) are possible 
on these bands and one-long-hop 
transequatorial propagation may also 
occur, as it does on 10 meters. 

Thirty and forty meters are both day 
and night bands. Intermediate dis-
tances 1000 to 1500 miles (1500 to 
2200 km) in any direction, considered 
daytime DX, are better now than in 
SSN maximum years. Nighttime DX 
on these bands may be expected to of-
fer greater distance paths than on 80 
meters and, like 80, follow the dark-
ness path across the sky. Reduced 
midday signal strengths and distances 
may occur on days of high solar-flux 
values, with 30-meter openings disap-
pearing in the pre-dawn hours on the 
morning after the high radio-flux 
values occur. 

Eighty and one-sixty meters will exhibit 
short skip conditions during the 
daylight hours and lengthen at dusk. 
These bands follow the darkness 
paths, opening to the east just before 
your sunset, swinging more to the 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. The 160-meter band 
opens later and ends earlier. 

Coastal stations and those with 
good low-angle radiating systems will 
usually have the edge for working rare 
DX. QRN will be as low on some 
nights as that experienced during the 
wintertime DX season. 
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weekender 
a DC dummy load 

Anyone who works w i th heavy-duty batteries or 
with low-voltage DC power supplies develops a keen 
appreciation for any handy way to test them under 
load. The instrument described in this article can be 
built inexpensively in a single evening. It can put the 
heaviest duty Amateur power supply to the test and 
reveal a great deal about it. 

This instrument monitors load current and voltage 
while allowing smooth adjustment of the load from 
zero to maximum. With the addition of optional 
features, it can test transformers for current-handling 
capability, test the strength of automotive or stationary 
batteries, and check voltage regulation and overall per-
formance of most low-voltage power systems. Better 
yet, you can build it from junk box parts or from Radio 
Shack parts costing less than $25. You'll need some 
power transistors to absorb energy, an ammeter, a 
voltmeter, a control potentiometer, a couple of heat 
sinks, and other assorted hardware. 

design requirements are flexible 
The circuit for the DC load tester I built is shown 

in fig. 1. The idea for the unit was not original with 
me; I dimly remembered seeing something like it in 
an old magazine,1 but I couldn't find the article right 
away, so I started from scratch. 

Because I have some heavy-duty power sources 
around, including a 50-ampere, 14-volt power supply 
and a big bank of lead-acid batteries, I wanted a load 
that could take a lot of current and push these sources 
hard. With an early breadboard model, I was mystified 
when a pair of 2N3055 transistors failed well before 
they reached their rated maximum collector current 
of 15 amperes each. Then it dawned on me: these 
transistors have a maximum dissipation rating of 115 
watts each, for a total of 230 watts. Their efficiency, 
of course, is zero, so all that power is dissipated as 
heat. I was asking those two transistors to dissipate 
15 volts at 20 amperes — a total of 300 watts. 

By George L. Thurston III, W4MLE, 2116 
Gibbs Drive, Tallahassee, Florida 32303 

—o 

® 
U© us 

to© 
item description 
C i 12,000 f f , so volt rt7 
F fuse — value depends on design 
0 1 . 0 2 , 0 3 , 0 4 Radio Shack 2043 (PNP) 
also suitable. ECG 219, ECG 180, ECG 61, 

ECG 184, ECG SB, EC0 34, ECC 93 
05 RS 2019 
0 6 2N2222 
R1 1,000 ohms, 1 watt 
R2,R3,R4,»5 0.05 ohm, 10 watt 

fig. 1. AC/DC load tester. 

With a little figuring, I decided I could live with a 
unit that would dissipate 600 watts, so I chose 
somewhat higher power PNP transistors. Radio Shack 
2043s, rated to handle 15 amperes and 150 watts 
dissipation for $2.19 each. 

I mounted"four 2043s on large, black anodized heat 
sinks. The collector resistors, which serve to keep the 

current evenly divided among the four transistors, had 
to be made up from 5-watt, 0.1-ohm units bought from 
a local supply house at about 45 cents each. Suitable 
resistors can often be found at flea markets for as little 
as ten cents or so. The actual value of the equalizing 
resistors is not critical, as long as you keep them below 
about 0.15 ohm, but they should be the same for each 
of your paralleled transistors. 

Any number of different types of transistors would 
work equally well as long as all transistors in any one 
project are alike and combined power dissipating ability 
is sufficiently large. To economize on enclosure size 
and on the number of heat sinks and equalizing resis-
tors, use the fewest high-wattage, high-current tran-
sistors that will do the job. NPN or PNP units are 
equally suitable, though the bias control circuit must 
be different for each type and, of course, the emitter-
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collector connections must be reversed (see fig. 2(. 
In the breadboard models a 25-watt, 50-ohm wire-

wound rheostat and some fixed resistors were used 
to control bias on the transistor and consequently the 
amount of current they drew from the source. How-
ever, the wire-wound resistor did not provide smooth 
control, and a better method was needed. A smaller 
transistor could be used to regulate the base current 
and could itself be adjusted with an ordinary potentio-
meter. But what kind of base-current control transistor 
would work? Obviously, the control transistor would 
have to handle the total base current of the combined 
load transistors, which would be asked to deliver a 
maximum of 60 amperes. 

The Radio Shack 2043s I used had a current-gain 
ratio (hFE or Beta) of about 20. (The Betas of indi-
vidual transistors differ quite widely sometimes, even 
within the same production batch.) This meant that 
if 1 wanted 60 amperes from the load transistors, I 
would need 60/20, or 3 amperes of base drive current. 

My junk box yielded a Radio Shack No. 2019, a tran-
sistor rated to handle 10 amperes of collector current 
and with an hpE of about 20. To deliver 3 amperes, 
it must have about 0.15 amperes (150 mA) of base 
drive. This is easily obtained from an wire-wound 
potentiometer hung across the input source. Even less 
base current would be required by a transistor with 
a higher Beta (or hpg). The TIP 120, which can deliver 
5 amperes of collector current, has a Beta of about 
1,000.* 

metering 
I used a commercial 30-ampere meter with an ex-

ternal shunt. (Figure 3 shows how to use a sensitive 
micro- or milliamp meter to measure current in several 
ranges.) The meter measures the voltage drop 
developed across one of the equalizing resistors. By 
proper selection of values for R6 and R7, you can 
choose any convenient current range. One range 
should go slightly above the maximum current for 
which the unit was designed. 

If you plan a maximum of, say, 30 amperes, the 
high-range meter should read about 50 amperes full-
scale. Assuming two load transistors, half the total 
current will flow through each resistor. If each resistor 
is 0.1 ohm, the drop will be 1.5 volts. 

If you use a meter with 100 microampere full-scale 
sensitivity, the calibration potentiometer, R6, will need 
to be at least 1.5 volts divided by 0.0001 amperes, or 
15,000 ohms. Even though the meter's internal resis-
tance will be approximately 1000 ohms, the potenti-
ometer will compensate for it. Use any convenient 
value between about 15,000 and 25,000. A little cir-
cuit board type potentiometer will work fine. 
'The final model used an ordinary 112-watt carbon pot in the base of a 
2N2222, which drives the base of the RS 2019 driver transistor. 

To calibrate, use an ammeter of known accuracy 
in the input lead to the load tester and adjust the 
calibration potentiometer until the meter readings 
agree. If your meter has a 0-5 scale, you can read it 
as 0-50 amperes. A reading of 1 would indicate 10 
amperes. 

Another way to calibrate, if you don't have a high-
range ammeter for reference, is to put a VTVM or FET-
VOM across one of the equalizing resistors and in-
crease the load current until you reach some predeter-
mined voltage. Then, knowing the value of the resis-
tor, you can calculate the current flowing through it 
and set your calibration potentiometer accordingly. In 
the example above, a reading of 1.5 volts would cor-
respond to a total current of 30 amperes. 

For convenience in reading light loads, a second 
potentiometer can be used to provide a 0-5 ampere 
range and a panel switch can select the desired range. 

testing 
Aside from meter calibration and wiring errors, there 

isn't much to test for except oscillations. Transistors, 
while capable of amplifying, will sometimes oscillate 
independently. To prevent this, select transistors with 
low Beta and low maximum frequency ratings. 
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If oscillations occur, they can be detected with a 
scope or with an RF probe on a high-impedance 
voltmeter. The solution is usually a matter of bypass-
ing something; adding a 0.1 to 0.47^F metal film, solid 
tantalum or ceramic capacitor, from the transistor base 
to ground with the shortest possible leads, will general-
ly solve the problem. In multiple-transistor circuits such 
as our AC/DC load tester, it may be necessary to by-
pass several transistor bases. If oscillations persist, try 
bypassing emitters, collectors — anything above 
ground potential. A last resort might be to insert very 
small value resistors in series with one or more base 
leads. In the circuit used, however, the transistor Betas 
are quite low and oscillations were no problem. 

If you use bypass capacitors, be sure their voltage 
ratings are high enough to withstand the highest 
voltages you're likely to apply to the input terminals. 
And remember that when you're testing an AC source 
through the bridge rectifier, you will encounter 
voltages about 1.4 times higher than the AC R M S 
voltage. 

applications 
The most obvious use of this device is to see which 

goes up in smoke first — the load or the power supply. 
But it is capable of much more sophistication than 
that, 

Monitor both the output voltage and current. Then 
plot a graph of the relationship to get a good record 
of the quality of regulation of your supply. 

Check the fold-back current limiter that's built into 
many supplies. At what value of load current does it 
go into action? It may shut down too soon, depriving 
you of some output capability of the supply. Or it may 
not shut down soon enough, subjecting your supply 
to unnecessary stress. Set the load to draw whatever 
amount of current you think is safe for the supply, then 
adjust the shut-down threshold to the point at which 
it turns off the supply. 

Monitor the output of the supply with a scope while 
you slowly increase the load. How much current can 
you draw before ripple appears in the output? That 
may tell you something about the design of the filter 
and the regulation of the rectifier output. 

The scope will also tell you if the supply will tend 
to oscillate at certain load settings — a possible cause 
of poor regulation and regulator burnout, not to 
mention TVI or birdies in nearby broadcast radios. 

As any auto mechanic knows, the health of a lead-
acid battery is best tested under load. A fully-charged 
battery whose voltage sags to 10 or 11 volts under a 
load of 10 to 15 amperes is sick! Voltmeter readings 
across individual cells or hydrometer readings on each 
cell will spot the defective one and confirm your 
diagnosis. 

Using a bridge rectifier at the input, you can check 

the performance of a transformer before you build it 
into a piece of gear. The unregulated output of any 
transformer, when rectified and filtered, will drop 
under load. Plot measurements of voltage and load 
current on graph paper to check performance of the 
filter. The voltage will fall gradually as load increases 
until the transformer is delivering all it is designed to 
provide. After that, the voltage will begin to fall faster 
with each additional ampere of load current because 
of copper losses, core saturation, hysteresis, and other 
problems that crop up when the transformer is over-
loaded. That point should appear on your graph as a 
slight "knee" in your curve. 

rectifier bridge 
To add a bridge rectifier to your dummy load, all 

that's necessary is to provide two additional terminals 
for the AC input and to hook them to a bridge (see 
fig. 4). The positive output of the bridge is connected 
directly to the positive input terminal of the dummy 
load. The negative bridge terminal goes to the negative 
load terminal. The bridge output can be left connected 
to the DC input terminals. It won't conduct with pos-
itive voltage applied to the positive load terminal. 

Radio Shack offers a 25-ampere, 50-volt rectifier 
bridge for less than $3 that will work well in this appli-
cation, provided you never demand more than 25 
amperes or apply more than 50 volts to it. For really 
heavy-duty applications, you may want to build a 
bridge from discrete diodes, each rated at 30 amperes 
or more at 10 volts or more. 

With AC applied to the bridge, it will handle twice 
the maximum rated current of the individual diodes, 
since two diodes are working at once on alternate 
halves of the cycle. Thus, a bridge with 35 ampere 
diodes would safely deliver 70 amperes of current — 
more than adequate for testing most Amateur-service 
transformers. 

The bridge input could be hooked directly to the DC 
input of the dummy load and would provide automatic 
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polarity correction. No matter how the DC input is 
connected to the AC bridge terminals, the output from 
the bridge will always be the same. But there's a good 
reason for not hooking up the bridge this way. When 
you put DC on the AC terminals of the bridge, two 
diodes in series work simultaneously, just as with AC. 
But they work all the time — not alternately, as in a 
50 percent duty cycle. That means that DC input to 
the bridge must be limited to the current each diode 
will handle, or about half the AC rating. Thus, the 
Radio Shack bridge would be good for only 12.5 
amperes when DC is applied to its input terminals. 

another refinement 
You will probably find that by advancing the load 

control potentiometer on your dummy load you can 
increase the load current enough to disintegrate either 
the load, the power supply, or both. You can protect 
against this in several ways: 

• Install a fold-back current limiter with an adjustable 
threshold. 

• Use a fuse low enough to blow if you exceed a safe 
current. 

• Limit current by putting a maximum-load resistor in 
series with the transistors. 

• Limit current by padding the control potentiometer 
with a fixed resistor. 

The fold-back limiter may be unnecessarily fussy 
and complex. The fuse may not blow until the tran-
sistor junctions have gone to glory, 

Although W7RXV uses fuses as equalizing resistors 
in his dummy load design, a hazard is involved besides 
their slowness compared to the junction.' Fuses are 
seldom exactly the same. If one blows before the 
other, much of the load will be shunted to the other 
transistors, overloading them and blowing their junc-
tions before the fuses go. 

A maximum-load limiting resistor is feasible. A 
0.5-ohm resistor inserted between the transistors and 
ground wil l prevent the load impedance from going 

below that value. Thus, with 20 volts applied, the load 
current would be limited to 40 amperes, even if the 
transistors shorted or were turned fully on. The same 
resistor would limit current to 30 amperes at 15 volts 
and to 20 amperes at 10 volts. This would considerably 
reduce the range of the load or the effectiveness of 
the resistor. Additionally, the resistor would have to 
be rated at 800 watts to handle 40 amperes since 
P = l2R. More realistically, it would have to be rated 
at about 450 watts to handle currents up to about 30 
amperes. Such resistors are bulky and difficult to find. 

The most satisfactory choice could be a resistor in 
series with the control potentiometer. For NPN load 
transistors, it would be inserted between the positive 
input terminal and the potentiometer. For PNP tran-
sistors, it would be inserted between the poten-
tiometer and ground. Even this is not foolproof, 
because it will still be possible to exceed the dissipa-
tion rating or the current rating of the load transistors 
under some conditions. 
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controlled vertical radiation 
rhombics 

part 2: antenna erection and performance 

Four towers, careful siting 
and plenty of wire 

yield topnotch results 

Very few projects can be completed without 
compromise, arid erecting a rhombic antenna is no 
exception. In this project, the compromise lay between 
tower height and low-frequency operation. An anten-
na height of about 65 feet was the maximum desired; 
this meant that 7 MHz would be the lowest design fre-
quency. The desire to have no more than eight wave-
lengths on the 28-MHz band established the leg length. 
As pointed out in part 1 of this article, an eight-
wavelength array produced an 8-degree beamwidth, 
and anything less was not desired. Thus two wave-
lengths on 7 MHz equals 277 feet. The antenna per-
forms well on the 7, 10, 14, 18, 21, 24, and 28 MHz 
bands and to a lesser extent on the 1.8- and 4-MHz 
bands. 

Based on the height and leg length, the tilt angle 
for the various bands was determined, with special 
emphasis on the lowest and highest bands — 7 and 
28 MHz, respectively. These bands would determine 
the greatest width between the side towers and the 
greatest length between the end towers. Figure 1 
shows the horizontal layout of the designed rhombic, 
emphasizing the 7 and 28 MHz configurations. Note 
that a 2 A angle (see part 1, fig. 3) of 50 and 20 
degrees are required for the 7 and 28 MHz configura-
tions, respectively. This requires the let-out of the 
rhombic from the side towers of about 72 feet to go 
from 7 to 28 MHz (see table 1). The resulting takeup 
at the end tower is about 45 feet. 

The determination of these parameters is a matter 
of trigonometry and is not detailed here. 

geographical bearing 
and antenna layout 

The determination of the location of the four towers 
is the crucial point of the design; once the towers are 
set in concrete, they can't be moved. Two points to 
consider in this regard are the desired bearing of the 
rhombic from true north and the allowance for a gap 
between pulleys and down lead. The downlead sup-
ports a counterweight, which must clear the tower as 
the counterweight is raised and lowered. An additional 
three feet between pulley and tower is advisable. 

Unlike a Yagi, whose beamwidth may be anywhere 
from 40 to 60 degrees, the eight-wavelength rhombic 
will have a beamwidth of only 8 degrees. Therefore, 
accuracy in determining both the true bearing to the 
desired reception area and the physical positioning of 
the four towers supporting this antenna is especially 
important. Check all measurements and calculations 
carefully. (See references 1 and 2 for how to deter-
mine bearings.) 

To determine the bearing of my antenna, and to set 
the ground posts properly, I borrowed a transit and 
stood where the fixed-antenna tower was to be 
erected. I sighted Polaris — the North Star — while 
KA4ECM, my wife Millie, stood about 400 feet away, 
shining a flashlight toward me. I lowered the transit, 
to a point parallel to the ground still keeping it pointed 
squarely in the direction of Polaris, while KA4ECM 
walked slowly in an east-west direction. As soon as 
I spotted her light in the transit viewfinder, I signaled 
for her to stop. She then planted a ground post at that 
point. 

The following day we reset the transit to align on 
that ground post, and swung it 46.8 degrees from 
North, inserting a second post at the distant point. 
(Accuracy of ± 1 degree is recommended.) 

By Henry G. Elwell, Jr., IM4UH, Route 2, Box 
20G, Cleveland, North Carolina 27013 
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table 1. Correlation between amount of "let-out" and 
antenna height. 

side tower antenna height 
let-out, feet feet 

0 65.00 
10 61.75 
20 59.00 
30 57.00 
40 55.00 
50 53.75 
60 53.50 
70 52.25 

Reversing switch at center of rhombic field. 

We stretched a length of nylon string between the 
two posts, each representing an end tower, and then 
took accurate measurements (using a steel tape) to 
(a) the point representing the center line of the side 
towers, and (b) the point representing the end point 
of the 28-MHz rhombic, corrected for the increased 
distance needed for pulley-tower separation. (Plan on 
installing a pulley on the fixed end so that the whole 
array can be dropped to the ground when necessary.) 

We then placed the transit on the nylon string at 
the point representing the side tower's centerline. 
Ninety-degree right and left bearings were made and 
posts temporarily set at distances of approximately 120 
feet. We strung nylon cord between these posts, took 
accurate measurements along the cord, and then 
drove stakes representing the two side towers into the 
ground. 

Even though Polaris is easy to spot with the naked 
eye, it may be difficult to locate with the transit or 
telescope. Because of its great distance from Earth, 
its light reaches the telescope in parallel rays, making 
magnification difficult. Taking your bearings on a clear, 
windless — and not too cold — night minimizes the 
discomfort of an already difficult task. 

The terrain over which my rhombic had to be 
erected was generally level but fell off quite sharply 
to the east. Various tower heights were necessary to 
produce an antenna that would be parallel to sea level. 
Two were 70 feet; a side tower had to be 80 feet; and 
the far end tower was 100 feet. The necessary tower 
heights were determined from topographical maps. 

If the rhombic is to be erected on ground with a 
uniform slope extending for at least 1000 yards in front 
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let-out vertical angle of radiation — degrees 
distance angle 2A 7.2 10.1 14.2 21.3 28.fi 

(feet) (degrees) MHz MHz MHz MHz MHz 
0 50.0 26 16.0 5 beam splits 

10 45.8 28 20.0 11 beam splits 
20 41.6 30 22.5 16 beam splits 
30 37.6 31 24.0 18 6.0 beam splits 
40 33.4 32 26.0 21 10.0 7 
50 29.2 33 27.0 22 14.0 11 
60 25.0 34 27.5 23 16.0 13 
70 21.0 35 28.0 24 17.5 15 

of the antenna, the practice is to make the front and 
rear poles approximately equal in height in order to 
bring the major axis of the antenna parallel to the 
average ground slope. 

The erection of towers has been well covered in the 
literature. Substantial towers, well guyed in three 
directions according to the manufacturer's specifica-
tions, are necessary. One point to remember is that 
one guy set should be directly behind the vector force 
of the antenna at each tower. 

In private communications, Marshall Etter, W2ER, 
who was chief engineer at the old RCA overseas 
receiving station in Riverhead, Long Island, stated that 
tests showed it was not necessary to interrupt the guy 
wires with insulators for rhombic arrays. However, if 
the towers are also to be used for mounting Yagis, 
the use of guy insulators should be considered. 

As to choice of antenna wire, the military specifies 
high strength, 40 percent conductance, using three 
strands of No. 12 AWG copperweld wire, with a rated 
breaking point of 2433 pounds. Other wire, such as 
No. 6 AWG (0.162 inch), 40 percent conductance cop-
perweld, may also be used. W2ER stated that seven-
strand No. 16 AWG bronze wire was used in the RCA 
Rocky Point installations. He advises against the use 
of solid wire, which tends to vibrate in long spans. I 
used a special stranded steel core, wrapped with cop-
per, used for aircraft trailing-wire antennas." 

For maximum strength, treat the rhombic as four 
long-wire antennas. Terminate each leg at an insulator. 
At the side tower, terminate both the lefl and right 
legs on the same insulator holes, connecting the two 
legs with a flexible jumper soldered to each leg for a 
good electrical circuit (see fig. 2). The flexible jumper 
provides slack when changing the tilt angle for dif-
ferent bands or propagation conditions. 

The end tower antenna legs are terminated in in-
sulators, and two insulators connected to a pear ring 

•Marshall Etter. W2ER. has a limited supply of wire, insulators, aral other 
rhombic antenna construction materials. Inquiries (enclose SASEI should he 
addressod to W2ER at 16 Fairline Drive. East Quogue. Now York 11942. 

Side tower drive system. Motor drive is at left; take-up spin-
dle, center: synchro position transmitter, right. Note the chain 
drive from motor to spindle to provide increased torque. 

(see fig. 3). The pear ring provides a strong, easy way 
of connecting the three forces: two antenna legs, and 
the opposing force of the restraining cable. 

standing wave ratio 
Once the complete system was operational, SWR 

was measured. Figure 4 shows the average overall 
SWR from 160 meters through 10 meters. The in-
crease in SWR in the 160-meter band may be expected 
because the exponential lines were designed for a 
minimum frequency of 3.5 MHz and the 4:1 balun can-
not be expected to operate properly over such a wide 
frequency range. Although the big rise in SWR in the 
21-MHz band is not understood, it is believed to be 
associated in some way with the balun. Operation in 
the 15-meter band is excellent, and with all open wire 
lines, losses due to a 3:1 SWR are minimal. 
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fig. 2. Connection of antenna leg at side towers to obtain 
antenna strength and good electrical connection be-
tween antenna legs. 

End toyver; 220-pound weight is shown in 40-meter position. 

I have long believed in using tubes, which are very 
forgiving on SWR excursions, in the output amplifier 
stages. Use of solid-state outputs would require in-
vestigation and correction for SWRs greater than 2:1 
or suffer the reduction in output levels which such 
transceivers automatically provide. 

report on results 
It will take many more months of operation and 

evaluation to explore fully all the capabilities of the 
CVR rhombic. After almost a year's operation during 
its development period, results can be reported in 
qualitative terms. Additional testing with data on the 
effects of changing the configuration for operation on 
a specific band as well as other details may be the sub-
ject of another article. 

The rhombic has been used on all current Amateur 
bands from 160 through the 10-meter band. Foster 
graphs3 determined the expected results to be as 
shown in table 2. A report on its actual performance, 
band by band, follows. 

• 160 meters. The rhombic has a constant 3:1 SWR 
over the entire band. Using an FT102, phone contacts 
were made from this QTH to the Virgin Islands, to 
Canada, and west to Texas. Definite front-to-back 
response was noticed when reversing direction of fire. 
Comparisons were made against an 80-foot W2LL ver-
tical with apparent advantages going to the vertical 
for longer distances, and to the rhombic for shorter 
distances. 

• 80 meters. The rhombic, 1 wavelength on a leg, has 
an SWR less than 2.5:1 over the entire band. It ex-
hibits definite gain over a W2LL vertical (60-foot tower 
with TH7DX Tribander on top) for DX. Friends in the 
New York City area said the rhombic's signal was 
stronger than that of any other antenna I've ever used. 
One of the first contacts was with VK6HD, long path 
at 2157Z. There is about a 15-dB front-to-back dif-
ference when reversing antenna fire direction. The 
beamwidth is noticeable, ZL4PO/C, within the beam-
width, gave me a 58 when all other East Coast sta-
tions were getting 56 to 57. However, Australian sta-
tions, which are outside the beamwidth by 23 degrees, 
give me reports comparable to other East Coast 
stations. 
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FREQUENCY (MEGAHERTZ) 

fig. 4. Graph illustrates smoothed SWR ratio versus 
frequency. 

• 40 meters. The rhombic exhibits a sharp change in 
S W R over this band: 3:1 from 7.0 MHz, dropping to 
1.5:1 at 7.2 MHz and remaining there over the rest of 
the band. These S W R changes are peculiar to my par-
ticular setup. Being terminated, the S W R should be 
reasonably flat over the entire band. The rhombic is 
2 wavelengths on a leg on this band. Reversing the 
direction of fire results in a 30 dB change in signal 
strength. 

I've used the rhombic on this band mainly in con-
tests, with phone results being the most informative. 
Because contest signal reports are meaningless, anten-
na effectiveness has been judged by the fact that, ex-
cept for a single exception, my station received the 
first reply when a European stood by for Stateside calls 
on a stated frequency. No other 40-meter antenna was 
available during this evaluation period to supply com-
parative reports. However, the "feel" is that the rhom-
bic, in its favored directions, is equal to or better than 
3- or 4-element Yagis. 

• 30 meters. The rhombic, 3 wavelengths on a leg, 
has an S W R of approximately 1.5:1 across the band, 
and a front-to-back ratio of about 30 dB. Its signal real-
ly shines on this band because most of the antennas 
in competition with the rhombic are relatively simple. 
In the 40-meter configuration (on the 30-meter band) 
the rhombic's vertical angle of radiation (VAR) is at 
its lowest angle — 16 degrees — so ground reinforce-
ment on this band (30-meter) has not been of major 
significance. 

• 20 meters. The rhombic, 4 wavelengths on a leg, 
has an S W R practically flat over the entire band; that 
is, 1.2:1 or less. Operation is with the side insulators 
30 feet from the side towers for open-band operation 
into Europe where its vertical angle of radiation is 
about 18 degrees. Experience has shown that for band 
opening, long-path operation, and band closing opera-
tion, a 40-meter configuration with a VAR of 5 degrees 

on 20 meters provides very impressive signals. My first 
CQ on this band with the FT102 during band-opened 
conditions was a sufficient reward for all the effort put 
into siting and construction of the rhombic. 

The comparison antenna on this band is a Hy-Gain 
TH7DX at 60 feet; this is a tribander beam on a 24-foot 
boom with two driven elements, a director, and a 
reflector. It is an excellent antenna that puts me among 
the top callers in most pileups. 

The results of comparisons with European stations 
show a 1-1/2 to 2 S-unit advantage of the rhombic 
over the TH7. Front-to-back ratio is about 25 dB. The 
narrow beamwidth of the rhombic is noticeable on this 
band; thus, signals into Australia are superior on the 
TH7, as expected, because Australia is off the 3-dB 
edge of the main lobe by almost 30 degrees. 

• 16 meters. No operation has been accomplished on 
this band, although a quick S W R check indicated an 
S W R of 1.7:1. 

• 15 meters. The rhombic is 6 wavelengths on a leg 
on this band and for some unknown reason, not in-
vestigated, the antenna system has an S W R ranging 
from 3:1 to 2.2:1 over the band. 

Preliminary controlled vertical radiation operation 
was accomplished over the entire configuration 
change of the rhombic, — that is, with side insulators 
at zero feet to 70 feet. Because it takes about 30 
seconds for a 10-foot increment change of the side 
insulators, I thought it best to take qualitative 
measurements on a broadcast station. Radio Berlin at 
21.6 MHz was used for the test. A 25-dB change in 
signal strength was noted between zero feet and 40-50 
feet, with a buildup of 5 dB from that point to 60 feet 
and 70 feet. Much more work has to be done in this 
area. 

• 12 meters. Again, no operation is permitted on this 
band, although a quick S W R check indicated a 1.2:1 
S W R ratio. 

• 10 meters. On this band the rhombic is 8 wave-
lengths on a leg and its operation is truly awesome 
to someone like me, whose biggest 10-meter anten-
na was a 5-element Yagi at 55 feet. I first operated 
on this band in February, 1983, with the rhombic in 
a 40-meter configuration. At that time I had not yet 
fully explored the beamwidth of the rhombic. But I 
foolishly asked Roger, N4ZC, with his large antenna 
farm to work VKs and ZLs with me to see how our 
signals compared. In both countries his 6-element Yagi 
at 90 feet was 2 S-units better than my rhombic. 

Since that time I've realized that even ZL is too far 
beyond the 8-degree beamwidth of the rhombic on 10 
meters, and the 40-meter configuration simply does 
not operate properly on 10 meters. 
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fig. A1. An exponential transmission line is used to 
transform impedances. 

Ten meters opened again in the Fall after I had gain-
ed more experience wi th the rhombic and adjusted it 
to operate on this band. In the R S G B 10/15 meter con-
test in October , a l though not noted for m y speedy 
contest operation, I w o r k e d 61 UK stations in 25 
minutes because of the strength of the signal I w a s 
putting into Europe; "First W heard this morning," and 
"Loudest signal on the b a n d , " w e r e pleasant to hear. 

T h e general opinion appeared to be that the rhom-
bic w a s 3 -4 S-units stronger than the T H 7 . However , 
the narrow beamwidth is very noticeable on this band. 
W i t h 45 A R R L countries within the beamwidth of the 
rhombic, the population density of Europe w a s being 
saturated, w h i c h w a s the original objective of the 
project. 
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a p p e n d i x 

d e t e r m i n a t i o n o f a n 
exponent i a l l ine 

Exponential transmission lines are useful in transforming im-
pedances. The values at any point along the line can be determined 
using graphical or mathematical approach.A'A' Since these 
references may not be available to everyone, a description of their 
method follows. 

graphical method 
This method uses a minimum transmission-line dimension of one-

half wavelength drawn on semi-log paper. 

• Mark the vertical scale with the desired impedance range. All cases 
will probably be from 100 to 1000 ohms. 

• Mark the horizontal scale in wavelengths or electrical degrees. 
• Mark a point at the 0 degree location with the desired input 

impedance. 
• Mark a point corresponding to the desired output impedance and 

degrees point. The separation between these two points should 
be at least one-half wavelength (180 degrees). 

• Draw a line between the two impedance points. 
• The required characteristic impedance can now be read from the 

graph at all intermediate points along the line. 
• Determine the necessary line configuration from each impedance 

point from the formula: 

a = P / O Z / 2 7 6 2-wire line 

P 

42 

102/138 4-wire line 

side-connected 

a = si2 P 10/Z/138 4 . w i r e line, 

cross-connected 

(A1) 

(A2I 

(A3) 

where a 
P 

Z 

= distance between wires of transmission line, in inches 
= radius of wire, in inches 
= desired line impedance 

Table A1 lists wire radius for various size wires. Table A2 shows 
impedance variation along an exponential transmission line as a func-
tion of location and line spacing. 

Example: Design an exponential 2-wire line to go from 760 ohms 
to 600 ohms using No. 14 bare copper wire, 3/4 wavelength (270 
degrees). Figure A1 is first drawn and then a table set up to show 
distance from the 600-ohm point, the impedance representing that 
distance, and (from the above equations) the line spacing required; 
see table A2. For greater accuracy, use the second method. 

mathematical method 
The impedance, Z, at any point on an exponential transmission 

line can be mathematically described as: 

Z = Zs e™ (A4) 

where Zs = the input or sending end impedance in ohms 
5 = line length in wavelengths (1 wavelength = 360 

degrees) 
6 = is a transformation function 

The transformation function can be determined from the desired 
characteristics of the transmission line; i.e., input impedance, Zs, 
and desired output impedance, Z, at the end of the line of s wave-
lengths. Its equation is: 

9 = I- In (A5) 
2s Zs 

To solve, determine: 
• input and output impedance; Zs and Z. 
• line length; (minimum of 1/2-wavelength at lowest operating fre-

quency); s. 
• solve for 8. 
• solve for Z for each selected value of s; let s be no greater than 

20 degrees; 10 degrees preferably. 
• determine the necessary line configuration for each value of Z 

using line spacing formulas shown in graphical method. 

Example: Design an exponential 2-wire line to go from 600 ohms 
to 760 ohms using No. 14 bare copper wire, 3/4-wavelength long 
(270 degrees). — W l r + 
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SATELLITE TELEVISION RECEIVER 
SEMIKIT 

with dual conversion downconverter 

FEATURES: 
• Infrared remote control tuning 

AFC, SAW filter 
• RF or video output 
• Stereo output 
" Poiorator controls 
• LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 Nickel, San Pablo. CA 94806 156 tel. 415-724-0587 

YOU WANT IT? 
DAN'S GOT IT! 

FT-209 

KENWOOD 

TM-211 

ALL OF THESE GOODIES AND MANY MORE 
AT A SUPER SAVINGS! 

C A L L T O D A Y 
1 (800) 241-2027 

BRITT'S 2-WAY RADIO 
Sales & Service 

2508 Atlanta Street 
SMYRNA, GA. 30080 

(404) 432-8006 

table A1. Radius of common wire gauges. 

wire size radius (inches) 
B 0.0642 

10 0.0509 
12 0.0406 
14 0.0320 
16 0.0254 
18 0.0200 

table A2. Impedance variations along an exponential 
transmission as a function of location and line spacing. 

distance from characteristic line 
600-ohm point impedance spacing 

(degrees) (ohms) (inches) 
0 600 4.78 

20 611 5.23 
40 620 5.64 

250 750 16.69 
270 760 18.14 

table A3. Mathematical and graphical method results 
compared. 

distance from characteristic line 
6 0 0 - o h m po in t i m p e d a n c e s p a c i n g 

Idegreesl (ohms) inches 
0 600.0 4.78 

20 610.6 5.22 
40 621.4 5.71 

250 747.2 16.31 
270 760.0 18.14 

Steps 1 and 2 have already been determined. It is then necessary 
to solve for 6, which will become a constant for <his example; Z t 

is also a constant. 

I) I 
2'0.75 600 In 760 0.158 

Then solve for 7. at 10 or 20 degree intervals and tabulate. Twenty-
degree intervals are shown in table A3. 

600 e' 
!U 

' ,!00" 

Line spacing is then determined: 

a = 0.032 (IO«*i/276) = 4.78 inches 

It will be seen that a slight discrepancy exists between the values 
of Z obtained from the graphical method and from the mathematical 
method because of difficulty in reading the curve. 

For a given spacing, a four-wire line will give a much lower im-
pedance than a two-wire line, and a cross-connected four-wire line 
will give an even lower impedance Ithan the same dimensioned side-
connected four-wire line). Also the larger the wire-diameter wire, 
the lower the impedance for a given line separation. These factors 
may be used to arrive at your design of an open wire exponential line. 

references 
1. Edmund Laporxti. Hadia Antenna Engineering, Chapter 3. figure 3.81 and Chapter 
4. pane 422. 
2. John D. Ryder, Networks imd Fields, Prentice Hall Inc., ChaptorS, Section 6-13. 
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run RTTY 
on your Timex 

Get on RTTY 
— inexpensively 

Before any computer can be used for RTTY, 
several problems must be solved. This article shows 
how these problems can be overcome in adapting this 
popular low-cost computer for use on this interesting 
mode. Although the hardware described is configured 
specifically for the Timex-Sinclair, the principles in-
volved are applicable to all types of home computers. 

basic requirements 
A terminal unit (TlJ) decodes the Mark and Space 

tones from a receiver. An input/output (I/O) port 
enables the decoded signals to communicate with the 
computer and software tells the hardware when and 
how to perform. 

A simple serial I/O port and a TU are described. 
Assembler routines are included for initializing, reading 
from, and writing to the port.* 

RTTY is transmitted in Baudot code. Characters 
consist of a start bit, five data bits, and stop bits. 
ASCII characters contain seven data bits and an eighth 
bit sometimes used as a parity check bit. Each bit in 
each character must be checked or generated by the 
computer. 

Communication to and from the Timex/Sinclair is 
most easily accomplished via the cassette port, which 
represents only one bit of a parallel I/O port. The com-

•Circuit boards for the Terminal Unit and the I /O port, as well as a full-featured 
RTTY/ASCII transceive program for Timex/Sinclair 1000 and 1500 computers 
are available from the author. 

puter is synchronized with the data by writing precisely 
timed delays, called software timing loops, into the 
program. 

UART aids data handling 
The low price of the Timex/Sinclair computer has 

no doubt contributed significantly to its mass appeal. 
One cost-cutting measure in its design was the elimina-
tion of the video controller chip. The video display is 
generated by the microprocessor. When operating in 
the continuous display mode, the microprocessor de-
votes most of its time to creating the display with ex-
ecution of the program carried out only between video 
frames. Consequently there is no time for the micro-
processor to use software timing loops to process data 
at reasonable baud rates. 

This problem can be solved by the addition of a 
serial I/O port. In a serial port, individual bit timing is 
handled by a Universal Asynchronous Receiver Trans-
mitter (UART). The workload on the computer micro-
processor is greatly reduced as data bits are assem-
bled into complete characters during receive and char-
acters are converted to serial bits during transmit by 
the UART. 

I first considered using the popular AY series UART, 
but these devices must be furnished with a baud rate 
clock. A different clock frequency is required for each 
desired baud rate. Generation of a stable baud rate 
clock for the various baud rates used for RTTY and 
ASCII created yet another problem. 

One suggested solution involved using an INS 8250 
chip, a combination UART and baud rate generator. 

By Cliff Nunnery, IMU4V, 313 Vaughn Street, 
Fort Walton Beach, Florida 32548 
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I 1.0 
2 0.047 fif 
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1 74L&74 
1 74LSJ38 
1 WS8250 

nitttort 
1 330 ohm 
1 1.0 kltohm 
4 3.3 Mtohm 
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M pin 
16 pin 
40 pin 

fig. 1. I/O port schematic. 

W h e n supplied to the I N S 8250, a clock frequency of 
up to 3.1 M H z can be divided in frequency by any two-
byte word from software to provide the baud rate 
clock. To implement the port it's necessary only to pro-
vide address decoding and to divide the 3.25 M H z 
computer clock by two. 

Although the cost of the I N S 8250 is about twice 
that of a simple U A R T , this is more than justified by 
its overall circuit simplicity: a serial port with a crystal 
controlled, keyboard adjustable baud rate can be built 
from a design using only three chips. 

configuration of INS 8250 
The I N S 8250 is enabled by bringing pins C S 0 and 

C S 1 high and pin C S 2 low. Eight internal registers are 
addressed by pins AO, A1, and A3. Data is strobed 

table 1. Initialization and Read/Write routines. (Routines 
written in Z80 mnemonics.) 
i ROUTINE TO READ A CHARACTER FROM PORT 

i ROUTINE RETURNS WITH NEU CHARACTER IN ' A ' REGISTER IF CHARACTER 
j REAOY, 
I 

ELSE RETURNS UITH ' A ' REGISTER - FFH 

J 
RXCHRi IN A,<LNSTAT> {READ LINE STATUS REG 

BIT M |IS A CHAR READY? N2 - YES 
JR Z ,N0R0Y 160 IF NOT CHAR READY 
IN A ,< 0BUFF) (READ CHAR FROM REC BUFFER 
RET (RETURN WITH CHAR IN A REG 

N0RDY! LO A,< flpfK) 5 PUT FFH IN A ft€G 
RET |RET UITH A - FFH IF NOT CHAR READY 

ROUTINE TO SET PORT FOR TRANSNIT 

L0 A.RTTYT (GET MODE CONTROL WORD IN A REG 
OUT (LNCON) ,A (ENTER WORD IN LINE CONTROL REG 
L0 A,4 |PREPARE TO SET BIT 2 IN NOOEN CONT REG 
00T <MCflNR> .A jACT)WAT£ PRESS TO TALK OUTPUT 
RET I DONE: EXIT 

ROUTINE TO UR1TE A CHARACTER TO THE PORT 

ENTER ROUTINE WITH HL REGISTER POINTING TO CHAR TO BE TRANSMITTED 
ROUTINE CHECKS TO SEE IF THE INS8250 IS REAOY TO SEND ANOTHER 
CHARACTER AND RETURNS UITM01/T TAKING ANY ACTION IF PORT NOT REAOY 
CHARACTER IS SENT IF PORT REAOY, AND BIT 7 OF CHARACTER IN BUFFER 
IS SET INDICATING TO CALLING PROG RAN THAT CHARACTER HAS BEEN SENT 

IN A, (LNSTAT) ;READ THE LINE STATUS REGISTER 
BIT 3 ,A ; IS THE PORT READY FOR A NEU CHAR N2 - YES 
RET I ift£7URN IF POfr? NOT READY 
LD A ,CHL) jGET NEU CHAR IN A REG 
OUT (DBUFF),A |WRITE C*M» TO THE PORT 
SET 7, (HL) ;IN T1MEX/SINCLAIR THIS SETS INVERSE UIDEO 
RET lOONEi EXIT 

into or out of these registers by pins D O S T R and 
D I S T R . 

The Line Control register sets the number of data 
bits, stop bits, and various error checking options. This 
register also allows access to the Divisor latches for 
setting the baud clock, which runs at 16 times the 
actual baud rate. 

The Line Status register is read enuring transmit to 
determine when the chip is ready for the next data byte 
to be sent to the Transmit register. It is read during 
receive to determine when a character is ready to be 
read from the Receive buffer. Various errors are also 
s hown in this register. 

The Modem Control register determines the output 
of four Modem Output pins. These could be used for 
such functions as Press-To-Talk, Keying, C W ID, or 
C W keying. (My program used only the Press-To-Talk 
function.) The status of four M o d e m Input pins can 
be read from the Modem Status register. One of these 
could be used to detect a decoded C W Mark (key 
down) signal. 

active filter improves operation 
The second piece of hardware required is the Ter-

minal Unit. M y first circuit used an X R 2211 phase 
locked loop demodulator. Receiver output was fed 
directly to the demodulator. It was immediately 
apparent that filtering of the signal before the 
demodulator would be necessary for satisfactory 
operation under normal Q R M and Q R N conditions. A n 
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fig. 2. Terminal unit schematic. 

active filter circuit for 170 Hz shift was no problem, 
but the circuitry became complex when provisions 
were added for copying signals at 425 Hz and 850 Hz 
shifts as well. 

The design shown uses an active filter-type 
demodulator. It represents a reasonable compromise 
between performance and circuit complexity. A fam-
iliar XR 2206 circuit is used to generate the transmit 
AFSK tones. 

operation at the I/O port 
The schematic for the I/O port is shown in fig. 1. 

Power for the unit and signals from the computer are 
taken from the computer expansion bus. Charging of 
the 1.0 fiF capacitor connected to pin 35 of the INS 
8250 provides a power-on reset function. The I/O port 
would normally occupy eight consecutive port 
addresses, but this is not possible because of the 
Timex/Sinclair port addressing scheme. Port ad-
dresses for the various INS 8250 registers are given 
in table 1. 

Read, Write, I/O Request signals, and Address lines 
A2 and A5 are decoded by the 74LS138 to make the 
I/O R and I/O W signals. INS 8250 select signals are 
furnished by Address lines AO, A1, and A6. The re-
maining Address lines A3, A4, and A7 control the 

register addressing. One half of the 74LS74 is used 
to divide the 3.25 MHz computer clock by two, to 
make the 1.625 MHz clock for the INS 8250. The three 
2N2222 transistors should provide adequate protec-
tion for this expensive chip. 

construction of the I/O port 
This unit can be built on an etched circuit board or 

on perfboard with point-to-point wiring. The finished 
unit is installed between the computer and the 16K 
memory pack. An edge connector with wire-wrap pins 
should be used to attach the I/O port to the computer 
expansion bus. 

The edge connector is installed on the foil side of 
the board. Allow the pins to extend through the cir-
cuit board approximately 3/16 inch (4.76 mm). Bend 
the pins together slightly and solder them to a small 
extender board; this extender board duplicates the 
computer expansion bus and provides connections to 
the 16K memory pack. 

Although not shown on the schematic, at least two 
capacitors of about 0.047 pF should be placed on the 
circuit board and connected from the + 5 volt supply 
to ground for the purpose of filtering out switching 
transients. A 3.3 kilohm pull-up resistor may be re-
quired on the SOUT lead with some Terminal Units. 
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part of fig. 2 

item description 
C 1 , C 2 , C 3 
ca,c9.cu 0.1 
C 4 , C 5 , C S , C 7 o.oi-
C10 0.0047 
CI! 10, 25V electrolytic 
C12 0.047' 
C13 1.0, 25V electrolytic 
C I S 1000, 35V electrolytic 
cm-cm 1N914 
CRS.CRB 5 Wiener 
C R 6 . C R ? red LCD 
C S 9 green LED 
CR10-CR13 IN.100! 
PI 500 ohm panel-mount potentiometer 
01 2N2907 
02,03 2N2222 
R1 10 kilohm 
R2.R33 1.0 megohm 
R 3 2.0 megohm 
R4 15 kilohm 
H 5 . B I 3 270 kilohm 
R6,R14,R31 430 kilohm 
RJ.niS.R32 520 kilohm 
Re 75 kilohm 
R 9 36 kilohm 
R10,R18 470 kilohm 
Rt1 560 
R12 150 kilohm 
R16 62 kilohm 
R17 30 kilohm 
R19 300 
R20 470 
R21,R34,R35 620 
R22 120 kilohm 
R23.R24, 
R25,R2S 22 kilohm 
R 2 7 . R 2 9 330 kilohm 
R2S 560 kilohm 
R30 680 kilohm 
R36.R37 5.1 kilohm 
R38.R44 3.3 kilohm 
R3S 220 kilohm 
R40 6.2 kilohm 
R41 7.5 kilohm 
R42 8.2 kilohm 
R43 9.1 kilohm 
R45 390 
R46 1.5 kilohm 
R101-R104.R110 2 kilohm 
R105-R10B 300 kilohm 
B I O S 200 kilohm 
S I SPST switch 
S 2 . S 4 2PDF switch 
S3 2P3POS wafer switch 
T1 12.6V, 300 mA Radio Shack 273-1395 
0 1 , 0 2 ( .40900 
U3 XR2206 
U4 7812 Holt reg (TC-220 case) 
case Radio Shock 270-252 or -272 

'Oftnotes Mylar. Recommended these be 5 percent " V " series 
Dtgl-key part No. P 4 5 ? j for me 0.01 ^F 

P4521 lor the 0.047 pF 
The layout on the PC board is for the pin spacing of 5/16 inch preset variable 
resistors: 
Dlgi-key part No. K4A32 lor 300 ohm 

K4A}3 for 2 kilohm 
K4A15 tor 200 kilohm 

All other resistors 1/4 watt, 5 percent tolerance 
Miscellaneous plugs, fecka and other hardware Is necessary. 
Ail capacitance Is in microfarads. 

(Values below are for low tone operation (see text). 

R8 120 kilohm R2I 1.2 kilohm 
B9 62 kilohm 022 180 kilohm 
fill 1.1 

kilohm R40 9.1 kilohm 
B12 240 kilohm R41 11 kilohm 
R16 91 kilohm R42 13 kilohm 
R17 47 kilohm R43 16 kilohm 
R19 470 RV 510 
R20 820 PI ! kilohm 

operation of the terminal unit 
The schematic for the Terminal Unit is shown in fig. 

2. Figure 3 illustrates the circuit for the TU power 
supply. Wiring for the associated control and switch-
ing components is shown in fig. 4. UC 2A and 2B and 
their associated components make up the Mark filter 
which is tuned by R105. U2C and 2D and associated 
components comprise the Space filter. R106, R107, 
and R108 are switched to provide tuning for the 170 
Hz, 425 Hz, and 850 Hz fixed shifts. A panel mounted 

control is switched into the circuit for the variable shift 
tuning. 

Audio from the receiver speaker is fed into amplifier 
U1A and limited by diodes CR1 and CR2 to minimize 
effects of a building or fading signal. Good limiting 
action occurs with about 30 mV applied to the Audio 
In jack. 

The limiter output is coupled to both active filters 
by C3. The outputs of the filters are rectified and ap-
plied to differential amplifier U1B. The signal from the 
Mark filter is applied to the noninverting input and the 
signal from the Space filter is applied to the inverting 
input. The output of U1B will, therefore, go high for 
a Mark and low for a Space. Capacitor CIO filters the 
individual tone frequencies from U1B's output. 

Positive feedback applied to U1C "squares up" the 
output from the differential amplifier. U1D is an in-
verter for copying Normal and reverse signals. Driver 
transistors Q1 and Q2 provide power for the Space 
and Mark indicator LEDs CR6 and CR7. Zener diodes 
CR5 and CR8 furnish bias to keep the Mark indicator 
turned off when the output of U1B is less than ap-
proximately 6 volts and to keep the Space indicator 
off when the U1B ouput is above the 6 volt midpoint. 

Function generator U3 provides the Mark and Space 
tones for transmit. Timing capacitor C12, together 
with the resistance connected to pin 7 or pin 8 deter-
mine the tone frequency. When pin 9 is low, frequency 
is controlled by the resistance connected to pin 8. 
When pin 9 is high, frequency is controlled at pin 7. 

Variable resistor R101 tunes the Mark frequency. 
Variable resistors R102, R103, and R104 are switched 
to set the Space frequency for 170, 425, or 850 Hz. 
With the value shown for R38, the output level at pin 
2 is about 0.2 volts. The output level can be increased 
by increasing the value of R38. A value of 50 kilohm 
will give an output of about one volt. 

Frequencies of 2550 and 2975 are seriously attenu-
ated in modern HF transceivers. If your operation is 
primarily on the HF bands you may prefer a Mark tone 
of 1275 and Space tones of 1445, J700, and 2125 Hz. 
Component value changes for low tone operation are 
noted on the parts list. 

constructing the terminal unit 
While prototype was constructed on perfboard. 
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using the etched circuit board will save time and result 
in a neater unit. Install components, beginning with 
those that lie flat on the board and finishing with the 
power transformer. Refer to fig. 4 for connecting the 
components that are not mounted on the circuit 
board. 

I brought the 110 volt power line in from the back 
of the unit and mounted the fuse and jacks on the back 
of the case. The switches, LEDs, and the variable shift 
tuning control were installed on the front panel. 
Because it is necessary to watch both the Mark and 
Space LEDs when tuning in a signal, they should be 
mounted reasonably close together — not more than 
2 inches apart. 

Some older model transmitters use a tube to key 
the Press-To-Talk relay. In this case use a small reed 
relay (Radio Shack 275-233) connected between the 
collector of Q3 and +12 volts to key the transmitter 
Press-To-Talk circuit. 

tuning and aligning 
the terminal unit 

Be sure to do the following before installing the in-
tegrated circuits or applying power: 

• Check for shorts or any abnormally low resistance 
reading across C15. 

• Recheck the polarity of all diodes, electrolytic 
capacitors, and proper orientation of transistors. 

• Turn on the power. 

• Confirm that the Power On LED lights up. 

• Check for 12 volts at the proper pins of each socket. 

Then turn off the power and install the ICs, observ-
ing proper pin 1 orientation. Turn on the power and 
check the ICs, electrolytic capacitors, and the voltage 
regulator for heat. Although the voltage regulator may 
be slightly warm, nothing should feel hot. 

Ground the Audio In jack and observe the Mark and 
Space indicators. It should be possible to turn on either 
LED by adjustment of R109; adjust R109 to turn them 
off. In darkness, it should be possible to see a faint 
glow in both LEDs; use R109 to balance this indication. 

Remove the ground from the Audio in jack and 
place it on the FSK In jack to simulate a Mark. Con-
nect a frequency counter to the AFSK Out jack. Ad-
just output level control R110, if necessary, for a stable 
reading on the counter. Adjust R101 for a frequency 
reading of 2125 Hz. 

Remove the ground from the FSK In jack, set S3 
to N (narrow shift), and adjust R102 for a reading of 
2295 Hz. Set S3 to M and adjust R103 for a reading 
of 2550 Hz. With S3 in W, adjust R104 for a frequen-
cy reading of 2975 Hz. 

X 

--SHIFT 

N - 170 

M - 429 
W - 850 

Brcapt as /nrfica tad. amclmaI 
rafuaa el capac/farc* Ire in micro-
farads foF* otfiara ara In picofar-
ads (pFj: rasistancas ara In ohms, 
k - 7,000 M - 1,000,000 

fig. 4. TU controls schematic. 

Ground the FSK In jack again, and connect the 
AFSK Out jack to the Audio In jack. Tune the Mark 
filter to resonance by adjusting R105 for maximum 
brilliance of the Mark LED. If necessary, reduce the 
AFSK output level with R110 to achieve a sharp 
tuning peak. 

Set switch S4 to FIX. Remove the ground from the 
FSK In jack, set S3 to N, and adjust R106 for max-
imum brilliance of the Space LED. With S3 set to M, 
adjust R107for maximum brilliance again of the Space 
LED. Repeat this adjustment with S3 set to W using 
R108. Place S4 to VAR and S3 to M. 

Adjust the variable shift tuning control for maximum 
brilliance of the Space LED. Repeat this check in N 
and in W positions. If the knob on the variable tuning 
control is set at the 12 o'clock position for 425 Hz shift, 
the 170 Hz tuning will be at about the 8:30 position 
and the 850 Hz tuning will be at about the 3:30 
position. 

Ground the FSK In jack once again. Set R110 at 
about its midpoint and place S2 to M. Measure the 
output of the Mark filter at the anode of CR3. Remove 
the ground from the FSK In jack and measure the out-
put of the Space filter at the anode of CR4. 

If the output of either filter is less than 8 volts peak-
to-peak or 2.8 volts RMS at resonance, decrease R5 
in the case of the Mark filter or R13 in the case of the 
Space filter, to a value of 240 kilohms. It should not 
be necessary to go below 240 kilohms if 5 percent or 
better tolerance parts have been used. 

software notes 
Table 1 shows example routines for initializing the 

port, reading data from the port, and sending data to 
the port. The formula for determining the Divisor is: 

1.625 x 106 
Divisor = 

baud rate x 16 

For 60 WPM RTTY (45.45 Baud) 
1.625 x 106 
45.45 X 16 

= 2235 
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WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

A T WW SATELLITE 
u mm TELEVISION 
M K MAGAZINE 

A monthly of 100-plus pages, has all you 
need to know about where to find equip-
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 

• $24.95 per yr, (12 monthly issues) 
• $ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments. 

If you already have a dish, then you need 

—the best in satellite TV programming. 

* Weekly Updated Listings 
* All Scheduled Channels 
* Complete Movie Listing 
* All Sports Specials 
* Prime Time Highlights 

• $39.00 per yr. (52 weekly issues) 
• $ 1.00 for Sample Copy 

Visa® MasterCard® accepted (sub-
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STV ™/OnSat ™ 
P.O. Box 2384 - Dept. PS 
Shelby, NC 28151-2384 
Subscription calls only 

Toll Free 1-800-438-2020 

The Divisor Most Significant Byte is (in BASIC): 

LETDMSB = INT (DIVISOR/256) 

The Divisor Least Significant Byte is: 

LET DLSB = DIVISOR - DMSB * 256 

For 45.45 Baud: 
Divisor Least Significant Byte = 187 

Divisor Most Significant Byte = 8 

The port address for the Line Control register is 
AF(hex). When bit 7 of this register is set, the Divisor 
Latches are enabled and port address 27{hex) allows 
the Divisor Least Significant Byte to be entered. Ad-
dress A7(hex) allows the Divisor Most Significant Byte 
to be entered. When bit 7 of the Line Control register 
is reset, port 27 (hex) addresses the Transmit and 
Receive buffers. Line Control register bits 0 and 1 con-
trol the number of data bits per character. Bit 2 deter-
mines the number of stop bits. 

initializing the I/O port 
1. Set bit 7 of Line Control register to gain access to 
the Divisor Latches. 

2. Enter Divisor bytes. 

3. Reset bit 7 of Line Control register and set up for 
desired mode. 

4. Disable interrupts or set up for desired interrupt 
mode. 

5. Set any desired output conditions with the Modem 
Control register. 

reading I/O port 
1. Read the Line Status register. Bit 0 will be set if 
a character is ready in the Receive buffer. 

2. If a character is ready, read it from the Receive buf-
fer. Bit 0 in the Line Status register will automatically 
be reset when the character is read. 

writing to the I/O port 
1. Read the Line Status register. Bit 5 will be set if 
the port is ready for a new character. 

2. If the port is ready, write the character to the 
Transmit buffer. 

The INS 8250 I /O port provides a simple solution 
for obtaining stable, software-selectable baud rates. 
I think the Terminal Unit design represents a reason-
able compromise between circuit complexity and per-
formance. Notes have been given on software design 
to help those interested gain a better understanding 
of Input/Output programming. 

ham radio 
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run RTTY 
on your VIC-20 

Interface allows 
VIC-20 to command 

transceiver for CW 
and RTTY operation 

It all started at a meeting of our ham club, when 
KB4SM sold me a Kantronics Hamsoft™ cartridge (He 
had just upgraded to Hamtext™.) So I plugged Ham-
soft into my VIC-20 and rigged my key to see how the 
unit would print my CW. I found it to be very critical of 

24 k 

Eicipi as indicaiaa. optimal 
iraluas of capacltanca ara In micro-
farads f^Fj; othars ara In picofar-
ads <pF); raslalancas arc In ohms. 
ft » 1.000 M - 1,000,000 

fig. 1. Schematic of bandpass filter (from W4AYV, ham 
radio, April, 1979, page 47. 

my fist, with such aberrations as "the" coming out 
as "6E." After rigging a diode to rectify the receiver 
audio, I found that it was just as critical of the other 
fellow's keying, so I felt better. 

Next came the RTTY, which was the main purpose 
of the project. I used an LM567 chip, and sure enough, 
it printed out some of the stuff that I tuned in. At this 
point it became only too obvious that extra selectivity 
was essential, so I looked in some back issues of ham 
radio and found an active bandpass filter design1 using 
an LM3900 chip that I had picked up at the Memphis 
Hamfest (fig. 1). With these two units combined, 
reception was quite tolerable. I hooked a pair of high-
impedance headphones at the output of the bandpass 
filter to aid in tuning in the signal. 

The next consideration was transmission of RTTY 
and CW. National Semiconductor's Linear Handbook 
provided a circuit for the AFSK oscillator. The output 
was found to be a square wave of several volts, peak-
to-peak. This was far too much signal to substitute 
for the usual microphone output, so a three-section 
RC filter was introduced. In order to load the RC os-
cillator as lightly as possible, the input resistor was 
chosen to be about 39 kilohms, with the others being 
12 kilohms. (These may be increased if the audio out-
put should still be somewhat high.) Capacitors were 
all 0.01 /iF ceramic. The output was now a nice looking 
sine wave, necessary for a clean signal. 

circuit adjustments 
T o vary t he frequency o f t he A F S K osc i l la tor , a 

smaller capacitor is switched in and out of the 
frequency-determining circuit by a 2N2222 transistor. 
When used in this function, no DC voltage is applied 
to the collector of the transistor. 

The AFSK oscillator frequency is given as the re-
ciprocal of the RC product. A capacitor of 0.068 jiF 
was combined with a resistor of 6.8 kilohms. The 
smaller capacitor that is switched for frequency 

By Henry S. Keen, W5TRS, Fox, Arkansas 
72051 
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change is 0.0056 ftF. If you have a frequency counter 
available, the AFSK oscillator output may be estab-
lished and adjusted, if necessary. It is more important 
to obtain a frequency shift of 170 Hz, when using an 
SSB transceiver, because corrections are automatic 
as the signal is tuned in. 

The frequency of the bandpass filter is now adjusted 
to peak at the frequency of the AFSK oscillator by 
means of the two 100-ohm trim pots. 

Next, the position of the potentiometer controlling 
the PLL frequency of the decoder, when its frequen-
cy coincides with that of the AFSK oscillator, must 
be determined. This is done by applying DC to both 
chips and either comparing the signals on a scope or 
combining them through a temporary resistive net-
work, and adjusting to zero beat. This is the normal 
operating position. Any minor differences between 
your frequency and that of the other station will be 
compensated with this control, so that your trans-
mitting frequency will not be affected. 

For CW operation, a PNP transistor operates a reed 
relay that keys the transmitter directly. Although the 
transistor might do the job without the relay, I did not 
want to take a chance that some problem with the 
transmitter might damage the computer. 

space and mark signals 
The decoder chosen makes use only of the mark 

signal and ignores the space signal. Although marginal 
signals may better be handled by a decoder that makes 
use of both components, this is a satisfactory arrange-

table 1. Parts list. 

quantity description 
1 LM3900 quad amplifier 
2 LM567 tone decoders 
1 14-pin socket 
2 8-pin sockets 
5 0.1 fiF Mylar capacitors 
5 0.01 (iF ceramic disc capacitors 
1 0.1 |iF ceramic disc capacitor (can 

use Mylar 
2 1.0/iF tantalum capacitors 
1 0.068 Mylar capacitor 
1 0.0056 Mylar capacitor 
2 1 kilohm 1/4-watt resistors 
1 3 kilohm 1/4-watt resistor 
6 8.2 kilohm 1/4-watt resistors 
4 24 kilohm 1 /4-watt resistors 
4 12 kilohm 1 / 4-watt resistors 
2 15 kilohm 1/4-watt resistors 
1 6.8 kilohm 1/4-watt resistor 
1 2N2222 transistor 
1 2N3906 transistor 
1 5-volt reed relay 
1 LED 
1 DPDT slide or toggle switch 

miniature 2-circuit jacks 
1 miniature 3-circuit jack 
1 5 kilohm linear potentiometer 
1 4 x 5 inch PC board, copper on one side 
1 18-pin edge connector (optional) 

suitable housing box for interface 
appropriate cables and connectors to mate with 
transceiver 
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fig. 2. Additional interface wiring. 
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merit; signals that read R1 on the meter will usually 
give good print. A minor advantage appears with this 
decoder when widely different frequency shifts are en-
countered, because they present no problem to the 
mark-only decoder. 

Most RTTY transmission and reception is on the 
LSB mode of the transceiver. In transceivers with 
provisions in the IF channel for a CW filter, this filter 
will usually be found to be tied into the USB mode. 
A number of stations operate this way, with inverted 
signals. Reception is easily corrected by adjusting the 
PLL frequency. 

Accommodating transmission to the USB mode 
may be done in several ways. A friend assures me that 
if I press the K button instead of T, when activating 
the system, the transmission will not be inverted when 
on the USB mode. I haven't tried it, so I'm not sure. 
Another way would be to locate a transistor inverter 
stage between the decoder output and the computer 
light pen input terminal, and another in front of the 
NPN keyer transistor. 

power supply notes 
A separate power supply was originallly used for the 

interface, but one day the bandpass filter as well as 
the decoder and AFSK oscillator were run from a 
5-volt common supply. Because little if any difference 
could be detected, 5 volts was used for the entire in-
terface. The importance of this finding was that now 
the power to the interface could be supplied by the 
computer eliminating a separate DC source. The 
VIC-20 can supply +5 volts at up to 100 mA; the in-
terface requires about 20 mA. 

The cable that comes with the Hamsoft cartridge 
has five wires: black for ground, green for demodulator 
input, white for CW output, red for RTTY output, and 
brown for RTTY output (inverted). This last capabili-
ty was exchanged for + 5 volts supply, by removing 
the pin from hole No. 1 and moving it to hole No. 7. 
This probably eliminates the previously mentioned 
possibility of inverting the signal with the K for T 
change. However, the elimination of a separate power 
supply is well worth the effort. 

additional wiring 
Additional wiring included a DPDT slide switch for 

transmit or receive. The + 5 volts is switched from the 
bandpass filter and decoder on receive to the AFSK 
oscillator on transmit. Also, the other section of the 
switch grounds the PTT line to the microphone con-
nector of the transceiver. An LED is connected from 
the decoder output to the +5 volts, through a limiting 
1 kilohm resistor. All of this extra wiring is shown in 
fig. 2. 

The system also receives ASCII quite well. PLL ad-
justment on ASCII seems a bit more critical than on 

RTTY, but copy seems every bit as good. I have not 
tried ASCII on transmit because the slowest RTTY 
speed is still too fast for my typing ability. 

The resistors used in the system are 5 percent. Any 
frequency determining capacitors should be Mylar or 
the equivalent. Ceramics are OK for bandpass, but I 
used the little Tantalum type wherever possible. 

The system was mounted on a PC board, arranged 
to plug into an 18-pin edge connector, mounted in a 
4 x 6-inch (10 x 15 cm) console-type box. Any PC 
board arrangement should do; perf board would be 
a bit messy. 

The PC board as seen from both sides is shown in 
figs. 3 and 4. A parts list is provided in table 1. The 
reed relay as mounted on the PC board is shown in 
schematic form because these items vary considera-
bly, and because I believe some freedom should be 
left to the individual builder. 

Hamsoft™ and Hamtext™ are manufactured by 
Kantronics, Inc., 1202 E. 23rd Street, Lawrence, 
Kansas 66044. 

references 
1. Linear Handbook, National Semiconductor, 2900 Semiconductor Drive, 
Santa Clara, California 95051. 
2. Nat Stinnetee, W 4 A Y V , "Active Bandpass Filter for R T T Y , " ham radio. 
April, 1979, page 46. 
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VHF/UHF WORLD 
stacking antennas: 
part 1 
There are two basic ways to obtain 
high antenna gain in the VHF/UHF 
spectrum. Either you build a high-gain 
antenna with a single feed (such as a 
parabolic dish or long Yagi), or you 
build a number of single-feed devices 
and array or stack them for higher 
gain. Parabolic dishes, which require 
only a single feed system, have been 
built with gains exceeding 60 dBi (dB 
above an isotropic radiator). (To con-
vert dB over a dipole to dBi, add 2.15 
dB.) Hence they are especially popular 
on EME, where high gain is necessary. 

However, high gain dish type anten-
nas can get quite large. For example, 
let's see what size dish would be 
necessary for EME. The minimum rec-
ommended antenna gain for 2-meter 
EME is 20 dBi. This would require a 
dish approximately 33 feet (10 meters) 
in diameter. The minimum recom-
mended gain for 70 cm EME is 25 dBi, 
which would require an 18-foot 15.5 
meter) diameter dish.1 Furthermore, 
parabolic dishes are usually only 50 to 
60 percent efficient and can present 
structural problems, especially for 
those locations where wind and snow 
are prevalent. 

Yagis are replacing dishes 

In recent years, the Yagi antenna 
has become very popular, particularly 
on 70 cm and lower frequencies. Its 
popularity is justly deserved because 
if properly designed, it can exceed 70 
to 80 percent efficiency with only 
moderate wind load. A properly 

designed 20 dBi-gain Yagi would, 
however, require a boom length of 
about 13 wavelengths — 89 feet (27 
meters) at 2 meters! A 30-foot (9 
meter) 4.4 wavelength boom design is 
about the longest practical 2-meter 
Yagi, but it would have a gain of only 
about 16 to 17 dBi, 3 to 4 dB lower 
than desired for EME. Therefore, when 
high gains are required, two or more 
Yagi antennas are arrayed or stacked 
to obtain the required gain. 

general principles in stacking 

It is often said that every time you 
double the number of Yagis, you dou-
ble (add 3 dB) the overall gain. It is also 
common to hear that the proper stack-
ing distance for a Yagi is two thirds of 
the boom length. Are these statements 
true? No. 

But don't lose heart. Since I'm all 
too often asked about proper stacking 
distance, I decided that it's time to up-
date the material I've been distributing 
since my first talk on the subject (at the 
Central States VHF Conference in 
Kansas City in 1977) and present it 
here along with additional data. 

This subject deserves more than just 
a set of charts or tables that quickly 
become obsolete as new designs ap-
pear. Also, there are many practical 
aspects of stacking that are often ig-
nored. Therefore, I've decided to first 
discuss stacking concepts in depth. 

Since the x material required to 
thoroughly cover the subject of stack-
ing is extensive, I've decided to devote 
two monthly columns to this topic. In 
part 1 (this month), I'll discuss the 
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fig. 1. Typical effective apertures (shown 
within dotted lines) of some common 
antennas. (A) is a 10 wavelength 
diameter parabolic dish; (B) is a half 
wavelength dipole; (C) is a 1 wavelength 
Yagi; and (Di is a 10 wavelength Yagi. 

theory of stacking and provide the ex-
amples, tables, and charts required for 
a first cut. Part 2 (next month), will 
discuss the practical aspects of stack-
ing and provide suggestions on how to 
properly use the material presented in 
part 1. At the conclusion of part 2, you 
should have all the necessary material 
to determine the proper stacking for 
any Yagi antenna of your choosing, 
even designs that are not yet available! 
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table 1. Data on typical popular 2-meter through 23-cm Yagi designs including gain, boomlength, E and H beamwidths, 
E and H side lobe levels and recommended stacking distances. Data is believed to be accurate and has been gleaned 
from tests, data sheets, etc. 

general designs: 

recommended 
boom E H E H stacking distance 

gain length B.W. B.W. S.L. S.L. in E & H planes 
Yagi description (dBi) (X) degrees degrees (dB) (dB) (X) 

NBS 3 element 9.25 0.4 57 72 23 12 1.00 x 0.60 
NBS 5 element 11.35 0.8 48 56 22 13 1.20 x 0.90 
NBS 6 element 12.35 1.2 40 42 19 12 1.40 x 1.10 
NBS 12 element 14.40 2.2 34 36 17 13 1.55 x 1.40 
NBS 17 element 15.55 3.2 28 33 16 12 1.80 x 1.35 
NBS 15 element 16.35 4.2 26 29 17 13 1.95 x 1.75 
2-meter designs: 
Cushcraft Jr. Boomer 14.40 2.2 34 36 17 13 1.55 x 1.40 (note 1) 
Lunar 11 element 14.50* 2.6 31 34 17* 13* 1.65 x 1.50 
F9FT 16 element 14.80 3.0 32 34 22 18* 1.80 x 1.50 (note 1) 
KLM 2M-13LBA 15.00 3.1 28 33 18 15* 1.80 x 1.60 (note 1) 
Cue Dee 15 element 15.15 3.1 30 32 16* 12* 1.70 x 1.40 
Cushcraft Boomer 15.55 3.2 28 33 16 13 1.80 x 1.55 
KLM 2M-16LBX 16.50 4.1 26 29 18' 15* 2.00 x 1.75 (note 1) 

13S cm designs: 
Lunar 11 element 14.50 2.60 31 34 17* 13* 1.65 x 1.50 
Cushcraft Boomer 16.35 4.2 26 29 17 13 1.95 x 1.75 (note 1) 
KLM 220-22LBX 17.75 6.65 22 25 17 14 2.45 x 2.00 (note 1) 

70-cm designs: 
KLM 432-16LB 15.20 5.3 30.0 33.0 17* 14* 1.70 x 1.55 
K2RIW 13 element 15.40 5.3 29.5 29.5 10 7 1.50 x 1.50 
K2RIW 19 element 17.35 5.6 24.0 26.0 18 15 2.10 x 1.80 (note 1) 
F9FT 21 element 17.40 6.6 24.0 26.0 13 10* 2.10 x 1.75 (note 1) 
FLEXA-YAGI 23 el. 17.95 7.2 24.0 25.0 17 15* 2.40 x 2.00 
Cushcraft 424B 18.00 7.6 19.0 22.0 14 12 2.20 x 1.80 (note 1) 
KLM 432-30LBX 19.40 9.6 19.0 20.0 17 14 2.70 x 2.40 (note 1) 
W1JR 31 element 19.60 10.5 18.0 20.0 17 14* 2.70 x 2.40 (note 1) 

23-cm designs: 
Tonna 23 element 17.00 7.5 19.0 19.0 12 10 2.40 x 2.40 (note 1) 
W1JR 45 EL LPY 20.7 15.7 18.0 20.0 15 13* 2.85 x 2.65 (note 1) 
'Estimated 

Note 1. In this case actual tests have shown that a specific optimum is preferred (see textl. 

fundamental aperture 
concepts 

Let us first examine some different 
antennas, each with its specific "effec-
tive aperture" or capture area. Some 
typical examples are shown in fig. 1. 
Other examples are contained in ref-
erence 2. 

A 10 wavelength diameter parabolic 
antenna is shown in fig. 1 A. It is easy 
to see how it has collection properties 
similar to that of the human ear. Note, 
•Additional recommended reading: Significant Phased 

Array Papers, edited by R .C . Hansen, PN 
0-89006-019-3, Artech House, Inc., 610 Washington 
Street, Dedham, Massachusetts 02026 ($13.00 plus 
$2.50 postage and handlingl. 

however, that a dish antenna is not 100 
percent efficient because it does not 
collect signals very well near its edge. 
Using simple geometry, the physical 
aperture of a 10 wavelength diameter 
dish is 78.5 square wavelengths, but 
its effective aperture is only approxi-
mately 44 square wavelengths. 

A half-wave dipole antenna is 
shown in fig. 1B. Its aperture is more 
difficult to visualize. Note that its aper-
ture extends out horizontally about 
0.75 wavelength in the E plane and 
vertically about 0.25 wavelength in the 
H plane, bulging near the center and 
forming an ellipse. It has an effective 

aperture of approximately 0.13 square 
wavelength. 

A Yagi has a slightly differently 
shaped aperture. A short (1 wave-
length) conventional Yagi (one whose 
elements all lie completely in the same 
plane) is shown in fig. 1C and has a 
somewhat rectangular aperture, being 
wider in the E (horizontal) plane than 
in the H (vertical) plane. Its aperture 
is approximately 1.3 square wave-
lengths . A properly designed conven-
tional 10 wavelength long Yagi as seen 
in fig. 1D has an almost square aper-
ture of approximately 7 square wave-
lengths. 
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Some of you may want to research 
this subject further to see how I deter-
mined the apertures. If you know the 
individual antenna directivity gain3 you 
can calculate the effective aperture 
using the following equation: 

effective aperture = (1) 

where effective aperture is in square 
wavelengths and gain is over isotropic 
as a numeric. For example, a Vi wave-
length dipole has a gain of 1.64 (2.15 
dBi). Therefore it has an effective aper-
ture of 0.13 square wavelengths. A 1 
wavelength Yagi has a directivity gain 
of approximately 16.5 (12.2 dBi) and 
an aperture of approximately 1.32 
square wavelengths. Likewise, if we 
have a 10 wavelength Yagi with a gain 
of 87.5 (19.4dBi), the aperture will be 
approximately 7 square wavelengths, 
quite an aperture increase over the 1 
wavelength Yagi. 

The above equation does not reveal 
the width or height of the aperture. In 
the case of the 10 wavelength Yagi the 
aperture is approximately square (fig. 
ID). Therefore the horizontal and ver-
tical dimensions are approximately the 
square root of the aperture (\/7 ) or 
2.65 wavelengths. Since the 1 
wavelength Yagi is slightly rectangular 
(per fig. 1C), the aperture will be 
slightly wider than it is high or approx-
imately 1.2 by 1.1 wavelengths, 
respectively. 

Once the concept of aperture is 
understood, it is easy to see what hap-
pens when we try to stack two iden-
tical antennas. When they are in close 
proximity, their apertures overlap, as 
shown in fig. 2A. Hence the capture 
area will not be doubled. Also the gain 
will not be double (3 dB increase) that 
of the single antenna. Furthermore, 
when identical antennas are too close-
ly spaced, they introduce mutual im-
pedance effects that can play strange 
games with the pattern, power distri-
bution, and VSWR. 

If we move the antennas apart until 
their apertures just touch, as shown in 
fig. 2B, we should produce almost 
twice the capture area (more on this 
later). Separating the two antennas 

I 
i@ 

fig. 2. Effective apertures when stacking 
two square aperture antennas. IA) is too 
closely spaced; IB) is optimum spacing; 
and (C) is too loosely spaced. 

further as shown in fig. 2C, will 
definitely double the capture area but 
is not desirable for reasons to be dis-
cussed shortly. Similarly, stacking in 
the vertical plane is also possible and 
yields a similar increase in gain. 

stacking patterns 
"So," you ask, "how does this 

relate to my Yagi?" First let us see 
what happens by looking at some 
typical antenna patterns. Figure 3A il-
lustrates a typical antenna pattern for 
a 3-element Yagi.4 Note that the half-
power beamwidth is approximately 80 
degrees and that this antenna pattern 
has very low side lobes. 

We will stack two identical 
3-element Yagis close together as 
shown in fig. 2A. The resultant anten-
na pattern is shown in fig. 3B. Note 
that the main beam narrows to about 
50 degrees and the pattern is still very 
clean. 

Next, let's separate the antennas 
further apart as shown in fig. 2B. The 
resultant antenna pattern is shown in 
fig. 3C. Note that the pattern beam-
width has become even narrower, 40 
degrees, half the beamwidth of the 
original antenna. Also note that signifi-
cant new lobes appear. These are 
properly referred to as "grating lobes" 

to differentiate them from the original 
single antenna's side lobes. The grating 
lobes in fig. 3C are only about 13 dB 
below the main beam. This separation 
is considered the optimum stacking 
distance.5 

In fig. 2C, the antennas are spaced 
much further apart. The resulting 
antenna pattern is shown in fig. 3D. 
Note that in this case the main beam 
is approximately 20 degrees wide, or 
25 percent that of the original anten-
na being stacked. Also note that the 
number of the grating lobes has in-
creased to four, with maximum 
amplitude only 2 dB below the main 
beam. This is a technique often used 
by radio astronomers in interferometry. 
It allows very narrow beamwidths for 
greater accuracy in determining the 
position of extra-terrestrial objects. 
However, it is not usually desirable for 
Amateurs! 

The patterns just shown all came 
from a "clean" Yagi. If you look closely 
you will see that all the grating lobes 
and nulls were formed from within the 
area of the original antenna pattern. 
This point is stressed because most 
Yagi antennas, especially those that 
are 1 wavelength or longer, usually 
have many side lobes before being 
stacked. The more side lobes you start 
with, the greater the chances are that 
the resulting pattern will be much 
"dirtier" and more complex than de-
sired. Suppression of grating lobes is 
a difficult, if not impossible, task. 
Therefore, the real limitations when 
stacking antennas are the beamwidth, 
the side lobes in the antenna to be 
stacked, and the allowable level of the 
grating lobes. Despite the appearance 
that grating lobes are "robbing power" 
from the main beam, in actuality they 
are not since each grating lobe is very 
narrow. However, grating lobes are 
sources of extraneous noise or extra 
signal pickup, a killer on EME, and 
when there is lots of QRM. Incidental-
ly, if you have many strong grating 
lobes, it is easy to accidentally peak 
your antenna on one of them instead 
of on the main beam! 

To review, the optimum stacking 
distance for two identical antennas oc-
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fig. 3. Typical antenna and stacking pat-
terns. (A) is a typical 3-element Yagi; (B) 
two 3-element Yagis stacked 1/2 wave-
length; (C) two 3-element Yagis stacked 
3/4 wavelength; and (D) two 3-element 
Yagis stacked 2 wavelengths. 

BOOMLENGTH (XI 

4. Typical beamwidths versus boomlength for well-designed Yagi antennas. 

curs when the beamwidth of the array 
has been narrowed to about 50 per-
cent and the grating lobes are approx-
imately 13 dB below the main beam 
(more on this later). If four antennas 
are stacked in the same plane, op-
timum stacking would yield about 25 
percent of the beamwidth of the 
original antenna while the grating lobes 
should still be 13 dB below the main 
beam. 

actual stacking 
There are two basic stacking 

methods: uniformly illuminated and 
shaped. Uniformly illuminated means 
that the antennas are all spaced the 
same distance apart in each plane and 
each is fed with the same amount of 
power. This method yields the max-
imum gain for its size and is the 
method most often used by Amateurs. 

The shaped method is often used by 
professional antenna designers, 
especially in phased-array radars, 
where very low grating lobes are 
necessary. The individual antennas 
may be unequally spaced (sometimes 
one is completely left out!) and often 
are fed with different amounts of 
power. Since these techniques yield 
lower gain and are quite complex, they 
are usually not desired by Amateurs. 

The subject that I have been dis-
cussing is called "pattern multipli-

cation."6 For more information on 
these techniques (pattern multiplica-
tion), see references 5 through 10.* 

The most important parameters 
needed to determine optimum stack-
ing distance are the beamwidths in the 
E and H plane of the antenna to be 
stacked. Also, the level of the first side 
lobe on the antennas to be stacked is 
important. 

Most antenna manufacturers and 
antenna designers know the E plane 
beamwidth of their antenna very ac-
curately since it is not difficult to 
measure. As discussed in reference 3, 
the beamwidths are often specified 
and accurate (in contrast to the gain 
claims). If the beamwidths are not 
known, they can be estimated from 
the "true" antenna gain. Several gain 
determining methods were described 
in detail in last May's column.3 To save 
you even further time, I have prepared 
table 1, which lists many parameters 

of some of the most popular Yagi 
antennas. 

The beamwidths of a Yagi antenna 
can be estimated if the boomlength is 
known. To assist you in this exercise, 
I have prepared a graph of E and H 
beamwidths versus boomlength for 
typical Yagi antennas (see fig. 4). All 
you need to know is the boomlength 
in wavelengths. For example, the E 
and H plane beamwidths of a typical 
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5. Typical gain increase due to stacking antennas. "D" is the stacking distance and 
"Dopt" is the recommended optimum from eqs. 2, 3. and 4. 

2 wavelength Yagi are approximately 
35 and 39 degrees, respectively. 

Also note in f ig. 4 that in a conven-
tional Yagi the E plane is typically nar-
rower than the H plane. While the E 
plane beamwidth is often available on 
data sheets, the H plane beamwidth is 
seldom shown (it is slightly more dif-
ficult to accurately measure). How-
ever, it can usually be "guesstimated" 
to be 10 percent greater than the E 
plane. For example, a Yagi with a 
30-degree E plane beamwidth has a 
typical H plane beamwidth of 33 
degrees. 

Also, many Yagi antennas have side 
lobes that are so strong that they are 
equal to or greater than the idealized 
grating lobe desired after stacking! 
Therefore, it should be obvious that if 
the sidelobes on an antenna to be 
stacked are equal to or less than 13 dB 
below the main beam peak, they can't 
be optimally stacked. In this case the 
antennas must be placed closer 
together than optimum and conse-
quently will yield lower stacking gain 
(more on this later)! 

As a rule of thumb, the H plane side 
lobe level on a conventional Yagi is 
typically 3 dB stronger than the E plane 
lobe. Therefore, a Yagi with an 18 dB 
down sidelobe in the E plane probably 
has an H plane side lobe approximately 
15 dB down from the main beam. 

Now that we have determined the 
beamwidth and side lobe levels of our 
antenna, how do we determine the op-
timum stacking distance? For antennas 
with very low side lobes (at least 18 dB 
below the main beam): 

stacking distance . b e a ^ l d t h (2) 

where stacking distance is in 
wavelength and beamwidth is in 
degrees.10 

If the side lobes are typically 13-17 dB 
down, the usual situation, my tests 
have verified that: 

stacking distance = (3) 

If the side lobes are only 12 dB down 
(or less) (typical of the H plane of many 
Yagis): 

stacking distance = Be J i m W 

For simplicity, I have incorporated 
these formulas into a graph fig. 5), 
which is an updated version of the 
graph discussed earlier. It incorporates 
the recommended stacking for anten-
nas with different levels of side lobes. 

It can also be seen that there is room 
for interpolation using eqs. 2, 3, and 
4 if desired. 

For example, the NBS 17 element 
3.2 wavelength Yagi has an E plane 
beamwidth of 28 degrees and a 16 dB 
down side lobe. Therefore use eq. 3 
(or the graph). Hence, the recom-

mended E plane stacking distance is 
approximately 1.8 wavelength. The H 
plane beamwidth is 33 degrees but the 
side lobe is only 12 dB down. Using 
eq. 4, the recommended H plane 
stacking distance is approximately 1.35 
wavelengths, quite a bit less than 
expected. 

For those who do not want to make 
the required calculations, table 1 also 
includes the recommended stacking 
distance for the antennas listed. In 
some cases, actual test measurements 
have been taken to determine the op-
timum spacing. Therefore, if the rec-
ommended stacking distance is dif-
ferent from that which you calculate 
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(signified by note 1), it is the prefer-
red value since actual tests have 
verified its validity. 

stacking gain 
So how much gain do you get if you 

use the recommended stacking 
distance? Gunther Hoch, DL6WU, has 
carried out tests and presented some 
answers to this question.10 I have in-
corporated his information in f ig. 6. It 
can be seen that the gain approaches 
3 dB, but only at very wide spacing as 
discussed earlier. A typical optimum 
value is about 2.8 dB. If you under-
stack (i.e., position too closely) by 
about 25 percent (as illustrated in f ig . 
2A), the gain increase (from a single 
antenna to the array) will be reduced 
to about 2 dB and there will be almost 
no grating lobes! Obviously there is not 
a great degree of freedom when opti-
mum gain and pattern are concerned. 

Finally when an antenna has high 
side lobes, it must be stacked closer 
to control the grating lobes as shown 
by eq. 3 or 4. This represents a form 
of understacking and lower gain. 
When this situation, plus feedline 
losses and mutual coupling, are con-
sidered, you are probably lucky to at-
tain 2.5 dB even when the optimum 
stacking distance is used (more on this 
subject next month). 

After studying this subject and 
reference 3, it will become obvious 
that the level of the first side lobe is 
a very important antenna parameter. 
Unfortunately, most antenna design-
ers rarely list this parameter, but in-
stead often list the worthless front-to-
side ratio! A change in the literature in-
dicating the level of the first side lobe 
would be an improvement. 

final evaluation 
You should be able to test your pat-

tern using the information just given, 
especially if your antennas are stack-
ed in the horizontal plane. The test 
methods described in reference 3 
should be sufficient. For those on 
EME, the sun can be used as a rough 
check. Always remember that if the 
antenna beamwidth is narrower than 
originally calculated and/or the grating 

lobes are less than 13 dB down from 
the main lobe, you have probably 
overstacked (i.e., positioned your 
antennas too far apart). 

summary 
Part 1 of this two-part series has 

been written to give you a feel for what 
happens when two or more antennas 
are stacked. Typical examples have 
been provided along with the equa-
tions and graphs necessary for deter-
mining optimum stacking distance. 
New or improved Yagi antennas or 
those I may have failed to mention can 
be quickly evaluated using the infor-
mation provided in this article. Exact 
stacking distance is not critical since 
there are many compromises, as 
discussed. 

Part 2 of this article will delve a little 
deeper into the subject, emphasizing 
the practical aspects of the subject 
with recommendations on how to ob-
tain optimal performance in your par-
ticular situation. 
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CRYSTAL FILTER SALE 
Top-quality 8-pola CW/SSB/AM FOX TANQO filter* 

For most 
KENWOOD • YAESU • HEATHKIT 

Also DRAKE R-4C/7-Llne, COLLINS 75S-3B/C, 
and ICOM (FL44A Type) 

All Regular$60 filters NOW Only t4S.S0 
All Regular$110 inters NOW Only J98.S0 
All Regular S170 Matched-Pair 

Filter Kits NOW Only pair 
All Filter-Cascading Kits NOW Only $78 aaeh 

Quantity dlacounta whan Mnt to ona addraaa 
including matcftmd-palr kH»} 

Any two units (filters, cascading kits, 
or combos) 10% OFF 

Any three units or more (as above) 15% OFF 
HURRYI SALE ENDS MAY 1, 1965 

FOX TANGO filter bandwidths range from 125 to 6000 
Hz with center frequencies to match your rig. Most 
filters are drop-In or plug-In type; some patch-In. 
Matched-palr filter kits are available for R820, TS83W 
930 and FT-980; filter cascading kits for TS43CV5201 
820, FT-t01/101ZD/107/901-2, Heath SB-104A. For com-
plete details send us a business-size SASE marked 
"FT Filler Sale" and your rig's Make and Model 
Number. Or to save time, phone for Information and 
order directly. Wo accept VISA/MC or ship C.O.D. in US. 

FOX TANGO FILTERS contain eight specially treated 
and aged discrete crystals, unlike ceramic or mono-
lithic corner-cutting designs. An implant or transplant 
with a time-tested FT filter or cascading kit will give 
your rig new life. Our best advertisements are 
thousands of satisfied users — check out our claims 
over the air — you'll learn that FOX TANGO is bwt l 
Our filters cost less and are guaranteed longer — ONE 
YEAR — order with confidence. Why risk disappoint-
ment with some unknown or unproven brand? 

GO FOX TANGO-TO BE SURE! 

FOX TANGO CORP. 
j Q i j r " P.O. Box 15944, Dept. H 

W. Palm Beach, FL 33416 
^ 176 Telephone: (305) 683-9587 

S A Y Y O U S A W IT 
IN 
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market 
RATES Noncommercial ads 1 p e r word; 

commercial ads 60<t per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

WANTED: Circuit diagram/Gladding Islander — Pearce 
Simpson. Harvey Gilbert, VP9AN. Bo* MA124, Somerset, 
Bermuda. Call collect (809) 29-40112 weekends. 

WANTED: SCR 274N/BC — ARC5/R-27 BCVRS only. Com-
plete or parts. Send description, cost. Will pay shipping. 
W8KSW, Walt Evanyk, 3200 Sherrye Drive, Piano, Texas 
75074. 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft, PO Box 412, W. Sand Lake, NY 
12196. 

OSL Announcement: I regret to inform you I have sold the 
SAMCO Travel-Pak QSL Kit Co. Thank you for your QSL 
patronage. 73, "SAM" A. Moles, PO Box 412, W. Sand Lake, 
NY 12196. 

ELECTRONIC CMOS keyer kit pcb « parts only $9.95 plus 
$1.50 shipping. Wl res. add 5% tax. Send for free informa-
tion. Bel-Tek, PO Box 125H, Beloit, Wl 53511. 

CUSTOM MADE embroidered patches. Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Dept. 301, 4202 N. 
•rake, Chicago, IL 60618. 

WANTED: Old Crosley Radio Model 50, 51, 52, & "Pup" . 
K4NBN "No Bad News". 

Foreign Subscription Agents 
for Ham Radio M a g a z i n e 

Ham Radio Austria 
Karin ueDer 
Posttach 2454 
D 7860 Loerrach 
West Germany 
Ham Radio Belgium 
Stereonoose 
Srusseisesteenweg 4 i6 
8-921 ft Genl 
Belgium 

Ham Radio Holland 
Poslbus 413 
NL-7800 Ar Em men 
Holland 

Ham Madia Europe 
Box 2084 
S-194 02 Upplands Vasby 
Sweden 

Ham Madio France 
SM Electronic 
20 Ois, Ave cfes Cfarions 
f -09000 Auxerre 
Franco 

Ham Radio Germany 
Karin Ueber 
Posttach 2454 
D-7850 t.oarrach 
West Germany 

Canada 
Sena orders to 
Ham Radio Magazine 
Greenville, NH 03046 USA 
Prices >n Canadian funds 
1 yr $29.95, 2 yrs. $53 30 
3 y»s $75 .40 

Ham Radio Italy 
Via Pordenone 17 
1-20132 Milano 
Italy 

Ham Radio Switzerland 
Karin Ueber 
Pa stfacfi 2454 
0-70SO Loerrach 
West Germany 

Ham Radio England 
c/o R S Q.B 

Alma House 
Cranbome Road 
Potters Bar 
Herts ENS 3JW 
England 

Holland Radio 
143 Greenway 
Greenside, Johannesburg 
Republic of South Africa 

SSB Crystal Fitter, 9.0 MHz, 2.4 kHz bandwidth, 6 pole, 
$17.50; two for $30.00. 4CX250B chimneys, $5.00. three for 
$72,00 ICL7117 LED DVM chips, $9,00; three tor $20.00. 
Oentron C.A.P. transceiver, 100 watts, solid state, $275.00; 
ACPS, $85,00. GLA1000-C linear, 160-15-10, $285.00. All 
items new, postpaid, data. National receiver collection, SASE 
list. Wanted, automobile radio vibrators, new, W.E. Delage, 
PO Box 493, Northfield, Ohio 44067. (216) 274-2012. 

CUSTOM EMBROIDERED Emblems — Cloisonne' enameled 
pins, your design, low minimum, excellent quality, free booklet. 
A T. Patch Co., Dept. 65, Littleton, NH 03561. (603) 444-3423 

Tl 99/4A random, text, Keyboard, send, receive code prac-
tice programs. Dr. Code "General" sends International Morse 
code and prints on screen; you choose: speed, tone, which 
characters to be send, spacing, and more! Dr. Code "Speech" 
same as "General" with speech; you choose how many 
characters before speech check, For cassette of both copy-
righted programs and conditional copying privileges, send 
$10.00 plus $3.00 shipping and handling to N5ESF, Rt. 1, Box 
1326, Lake Charles, LA 70601. Phone (318) 436-2048, no col-
lect calls please Satisfaction or money back 

SPECTACULAR Savings. ICOM, Kenwood, Vaesu, 
Panasonic, Regency, Bearcat, MFJ, antennas, coax, CW/ 
RTTY, much more! Free UPS shipping and insurance to 48 
states. 25 page picture catalog $1.00 (refundable). Galaxy 
Electronics, Box 1202HR, 67 Eber Ave., Akron, Ohio 44309. 
(216) 376-2402 9-5 PM EST. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. 
SASE brings information. 

NEW President Grant AM-SSB CB. With power mic $125.00 
plus $5.00 UPS MO only. R.D. Carter, Box 418. Vass, NC 
28394. 

REPAIR, ALIGNMENT, calibration. Collins written estimates 
$25; non Collins $50. K1MAN. (207) 495-2215. 

ATLAS 350XL owners group. Send QSL card with s/n your 
rig. Know anyone who repairs them? Have any technical in-
formation to share? Any questions? Rod, N5NM, Box 2169, 
Santa Fe, NM 87504 

CHASSIS and cabinet kits. SASE K3IWK. 

HELP. Need schematic Atronics KB105MP CW keyboard. 
Company disappeared. Cavett, 8570 Herbert, Pennsauken, 
NJ 08109. 

U.S. and FOREIGN Callbook, Radio Handbook and other 
ARRL books, 1950 to 1975 edition. Ham Radio, QST, 73, CQ 
magazines, second-hand for my private collection. Send price 
list to: Vittorio Bruni, Poste Succ. 8 — 05100 Terni Succ. 8, 
Italy. 

IMRA, International Mission Radio Association, helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmont. NY 10538. 

ANTIQUE RADIO Classified — The National Publication for 
Buyers and Sellers of old radios — published monthly. Sample 
copy $1.50. A.R.C., 9951-9 Sunrise, Cleveland, Ohio 44133. 

WANTED: Old microphones, remote mixers other rnisc related 
items. All pre-1935. Box Paquette, 107 E. National Avenue, 
Milwaukee, Wl 53204. 

AMATEUR RADIO CLASSES: Sponsored by the Hampden 
County Radio Association starting February 26, Agawam High 
School, 7 PM. Novice, Tech, General, Advanced or Extra 
There is no charge for the classes. Text books must be pur-
chased but are less than $10. Classes meet weekly for 10 
weeks. For more information or to sign up contact Art Zavareila 
(413) 786-9115. 

VE TEST SESSION: Sponsored by the Hampden County 
Radio Association, Saturday, May 18, 9 AM, Hampden-
Wilbraham Regional High School.621 Main Street, Wilbraham, 
Mass. Exams for all license grades will be offered. Send com-
pleted FCC Form 610, a copy of current license and check 
for $4.00 payable to ARRL-VEC to: Yorke Phillips, K1BXE, 
235 Ames Road, Hampden, MA 01036 prior to April 18, 1985. 

ELECTRON TUBES: Receiving, transmitting, microwave . . . 
all types available. Large stock. Next day delivery, most cases. 
Daily Electronics, PO Box 5029, Compton, CA 09224 (213) 
774-1255. 

RTTY-EXCLUStVEL Y for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY, Cardiff, CA 92007. 

in becoming a ham. Classes are free with a small cost for 
materials only. For information: 19-79 Amateur Radio Associa-
tion, POBox 171, Chelsea, MA 02150 include phone number. 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed, $41.00. Send 
stamp for details. W8UUR, 1025 Wildwood Road, Ouincy, Ml 
49082. 

DIGITAL AUTOMATIC DISPLAYS. All transceivers. Six 1/2" 
digits. 5" wide by 1-1/2" by 9" cabinet? Send $1.00 for infor-
mation. Grand Systems, POB 2171, Blaine, Washington 
98230. Canadians VE7LB. 

Coming Events 
ACTIVITIES 
"Places to go..." 

OHIO: Dayton Hamvention, April 26, 27, 28, Hara Arena and 
Exhibition Center, Dayton. Admission $8 advance, $10 at door. 
Good for all three days. Banquet $14 advance, $ t 6 at door. 
Flea market space $17 in advance for all three days. 
Technical, ARRL and FCC forums. New products and exhibits. 
Special group meetings. YL forum. International VHF/UHF 
conference. Amateur of the Year Award. Special achievement 
awards. Pre-registration starts January 1, 1985. For further 
information; Dayton Amateur Radio Association, Box 44, 
Dayton, OH 45401 or phone (513) 433-7720. 

OHIO: The 16th annual B*A*S*H will be held on the Friday 
night of the Dayton Hamvention, April 26 at the Convention 
Center. Main and Fifth Streets. Parking in adjacent city garage. 
Admission free to all. Sandwiches, snacks and COD bar availa-
ble. Live entertainment. Two exciting awards and many others. 
For further information contact the Miami Valley FM Associa-
tion, PO Box 263, Dayton, Ohio 45401. 

ARI20NA: The Cochise Amateur Radio Association (CARA) 
invites you to the inauguration of the CARA Training Facility 
and Range, a 40 acre complex in Cochise County, 5 miles 
east of Sierra Vista on Mason Road. The dedication will be 
our annual Hamfest, May 4 and 5. A flea market is planned 
and all tailgaters are welcome. For information: The Cochise 
ARA, PO Box 1855, Sierra Vista, AZ 85636. Att: KB7HB. 

WISCONSIN: The Madison Area Repeater Association 
(MARA) announces its 13th annual Madison Swapfest, 
Sunday, April 21, Dane County Exposition Center Forum 
Building in Madison. Doors open for commercial exhibitors 
and flea market sellers at 8 AM. General admission 9 AM. 
Everything for hams, computer hobbyists and experimenters. 
All-you-can-eat pancake breakfast and Bar-B-0 lunch will be 
available. Admission $2.50/advance; $3.00/door Children 12 
and under admitted tree. Flea market tables $4.00 each/ 
advance; $5.00/door. Reserve early. Talk in on WB9AER/R, 
146.16/ 76. For reservations or information: M.A.R.A., PO Box 
3403, Madison Wl 53704. 

CALIFORNIA: The 43rd annual Fresno Hamfest, May 3 ,4 and 
5. Tropicana Lodge of Fresno, 1406 N. Blackstone. Program 
includes tech talks, swap tables and flea market, transmitter 
hunts, CW contest, ARRL forum, commercial exhibits, eyeball 
QSO's, buffet dinner and more. Registration $24.00 before 
April 19,1985. $26.00 after that date. For information: Jane 
Price, WA6HSW, 2353 W. Simpson, Fresno, CA 93705. 

ILLINOIS: The Kishwaukee Amateur Radio Club's annual 
Hamfest, May 5, DeKalb County Fairgrounds, Suydam Road, 
Sandwich. Donation $2.00 advance; $3.00 gate. Inside tables 
$5.00 each. Free parking. Outside areas for tailgaters. Over-
night camping, no hookups. Coffee and donuts available for 
early birds. Food wagon thereafter. Talk in on 94,13-73. For 
tickets write: K.A.R.C., Box 334, Sycamore, IL 60178. Our 30th 
Year! 

AMATEUR RADIO CLASSES: Sponsored by the 19-79 
Amateur Radio Association. Evening classes start March 19 
at the Chelsea (Mass) High School. Open to anyone interested 

COLORADO: The Grand Mesa Repeater Society's 6th annual 
Western Slope Amateur Radio and Computer Swapfest, Satur-
day, April 20,10 AM to 4 PM. Location TBA in Grand Junction 
Free admission. Swap tables $5.00 each. Indoor Swapfest, 
Amateur Radio exams, auction and refreshments. Talk in on 
146.82 and 449.200. For tables or information: SASE to Larry 
Brooks, WB0ECV. 3185 Bunting Avenue, Grand Junction, CO 
81504 or call (303) 434-5603. 

SOUTH CAROLINA: The Blue Ridge Amateur Radio Society 
is sponsoring the 46th annual Hamfest and Electronic Flea 
Market, American Legion Fairgrounds in Greenville. Saturday, 
May 4 8 AM to 5 PM. Sunday, May 5 8 AM to 3 PM. Admission 
$3.00 advance and $4 00 at gate. VEC walk in exams, Wouff 
Hong ceremony, ARRL State Convention, Saturday night 
banquet, ARES, OCWA, indoor dealer displays, indoor/ 
outdoor flea market, food, beverages, snacks and camping. 
Early dealer/flea market setups with advance registration. For 
advance tickets and VEC exam info; Sue Chism, N4ENX, PO 
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Box 6751, Greenville, SC 29606. Foi additional information: 
RancyRice, WD4ADK, 1401 W. Parker Rd, Greenville, SC 
29611 

OKLAHOMA: The Great Plains ARC will sponsor its 4th 
annual N.W. Oklahoma Eyeball & Swapmeet, Sunday, April 
14, starting 9 AM in Mooreland. Admission $2.00 Dealer and 
swap tables available at no charge. VE tests given. Camp-
sites available. Local airport. Covered dish dinner at noon. 
For further information: Gordon Richmond, NR5L. fit. 1, Box 
12, Mooreland, OK 73852 or Gerald Bowman, Box 356, 
Mooreland, OK 73852 or call (405) 994-5394. (405) 994-5453 

NORTH CAROLINA: The Raleigh Amateur Radio Society's 
13th annual'Hamfest, Sunday, April 14. 8 AM to 4 PM. NEW 
LOCATION Jim Graham Building, NC Slate Fairgrounds. 
Hillsborough Street, Raleigh. Pre-registration $3.50. $5.00 at 
the door. One flea market space, table, two chairs $5.00 (ours 
only please). Vendor setup Saturday 4-10 PM, Sunday 6-8 AM. 
Hamfest social Saturday night. Special interest meetings. 
Amateur FCC exams. Send Form 610 with copy of current 
license and check or MO for $4.00 to: W.C.A.R.S./V.E.C., Mr. 
John Johnson, WM4P, 2118 Lyndhurst Drive, Raleigh, NC 
27610. CW and homebrew contesls. Talk in on W4DW 
(146.04/146.64) and K4ITL (146.28/146.88). For further infor-
mation: RARS Hamfest, PO Box 17124, Raleigh, NC 27619. 

MICHIGAN: 1985 Blossomland Blast, Sunday, October 6, 
1985. Write "Blast", PO Box 175, St Joseph, Ml 49085. 

INDIANA: The Putnam County Amateur Radio Club's third 
Auction and Flea Market, April 6, Putnam County Fairgrounds, 
north of Greencastle on US 231 Doors open for setup at 0600. 
Flea Market 0800. Flea market tables $2.00 each. Admission 
$3.00. Children under 12 free. Auction starts 1300. Food and 
beverages available. Commercial exhibitors welcome. For in-
formation SASE to John S. Underwood, KgilB, RFD 1, Box 
10, Fillmore, IN 46128 or call (317) 246-6335. 

NEW YORK: Indoor/outdoor Flea Market sponsored by the 
Suffolk County Radio Club, Sunday. May 5, 8 AM to 3 PM, 
Republic Lodge No. 1987. 585 Broadhollow Road (Rt. 110), 
Melville. Refreshments available. Free parking. Admission 
$2.00. (Spouse and kids free). Indoor tables $7.00, outdoor 
space $5.00, includes one admission. Talk in on 144.61/145.21 
and 146.52. For information: Richard Tygar, AC2P. (516) 
643-5956 evenings. 

MISSOURI: The PHD Amateur Radio Association is sponsor-
ing the State ARRL Convention, Saturday and Sunday, April 
13 and 14, Trade Mart Building II, Kansas City Downtown Air-
port Doors open 9:30-5:30 both days. Commercial setput 7-9 
PM Friday, 7-9 AM Saturday. Saturday evening banquet. 
Special guest: Dale Clift, WA3NLO, ARRL General Manager 
Forums include ARRL, computer, FCC, VE, DX, PR, CW con-
test, homebrew contest and much more. Exams by PHDVEC 
Friday 5 to 7 PM, Saturday and Sunday, 8 AM. Send applica-
tion with $1 00 and SASE lo PHDVEC. PO Box 11, Liberty, 
MO 64068-0011 by April 8, 1985. Registration $4.00 lor both 
days. Banquet $10.50. Swap tables $10.00 for both days, in-
cludes one registration per table. Free parking. RV's welcome 
but no hookups. Talk in on 146.34/94. Send registrations to: 
PHD ARA, PO Box 11, Liberty, MO 64068-0011. Phone (816) 
781-7313 or 452-9321. 

ARKANSAS: The Northwest Arkansas ARC will hold its 5th 
annual Hamlest/Swapfest, Saturday, May 4, Rogers Youth 
Center, 315 West Olive, Rogers. 8 AM to 4 PM Setup 7 AM. 
Commercial/flea market tables $2,00. Admission Iree. Walk 
in FCC exams given 10 AM and 1:30 PM. Talk in on 16/76 
and 52 simplex. For information SASE to: Ray Watson, 
N5HAP, 714 Maple Drive, Springdale, AR 72765 or Dave 
Perry, KE50Z, 3201 N. 13th, Rogers, AR 72756. 

CALIFORNIA: The 13th annual Sacramento Valley Amateur 
Radio Hamswap, Sunday, May 5, Placer County Fairgrounds, 
Roseville. 9 AM to 3 PM. Talk in on 145.190 and 224.78, K6IS 
repeaters. Free parking. For advance tables, tickets, informa-
tion: Carl Schultz, KA6KWB, 2942 Gwendolyn Way, Rancho 
Cordova, CA 95670 (916) 336-9111 

MASSACHUSETTS: The Hampden County Radio Associa-
tion Flea Market, Sunday, May 5, rain or shine, West 
Springfield Lodge of Elks, Morgan Road, West Springfield. 
9 AM to 3 PM. Admission $1.00 per person. Tables $3.00 each. 
Dealers $3.00 per vehicle display. Food/refreshments availa-
ble. Talk in on 147.105 up 600. For information: Paul Kress, 
WA1ZKT (413) 568-8291 or Steve Nelson, WA1EYF (413) 
596-8216 

NEVADA: The Ziegfeld Showroom of the MGM Grand Hotel 
will host the first 1985 earth station industry Banquet, held 
in conjunction with the SPACE/STTI Las Vegas show, Monday 
evening, April 1 at 6 PM. Festivities include dinner, special 
guest speakers and presentations. All lopped off with Jubilee, 
the MGM's musical extravaganza. Tickets $50.00 per person. 
Call SPACE (703) 549-6900. Credit cards accepted or mail 
check to 709 Pendleton Street, Alexandria. VA 22314 before 
March 15. Banquet tickets are not refundable. 

OHIO: The Medina Two Meter Group is sponsoring a Hamfest, 
May 12, Medina County Community Center Building, Lalayette 
Rd, Stale Rt 42 SW. 8 AM to 2 PM. Setup 7 AM. Refresh-
ments and free parking. Tickets $3.00 advance, $3.50 al door. 
Tables $6.00. Flea market space $2.00. Talk in on 147.63/03, 
K8TV/R. For table reservations and tickets: PO Box 452, 
Medina, Ohio 44258 or (216) 725-5021 

LOUISIANA: BRARC Hamfest, May 11 and 12, Baton Rouge. 
Free admission. VE exams Saturday and Sunday, 30 day ad-
vance registration only. Send SASE, 610 and check for $4.00 
to ARRL/VEC, George Perry, W5LVX, 17424 Lady Constance, 
Greenwell Springs, LA 70739. For further information SASE 
to Rick Pourciau, N5HHF, 879 Castle Kirk, Baton Rouge, LA 
70808. 

GEORGIA: The Athens Amateur Radio Club (formerly the N.E. 
Georgia ARC) will sponsor a Hamlest, April 21, 8:30 AM to 
3:30 PM, Athens Vocational-Technical School, Highway 29, 
Athens. Registration is tree. Talk in on 147.285. For informa-
tion: Norman Archibald, KB4IIA. PO Box 225, Athens, GA 
30603. 

NEW MEXICO: The UNM and Westside ARC'S are co-
sponsoring a tailgate swapfest, April 20,10 AM to 2 PM MST, 
UNM North Campus parking lot, Tucker Avenue and Uni-
versity Blvd., Albuquerque. There is no charge but bring your 
own tables. Talk in on 147.75/147.15 and 449.3/444.3 re-
peaters. For information SASE to Robert A. Scupp, WB5YYX, 
648 Marquis Drive N6, Albuquerque, NM 87123. (505) 
296-6546. 

CALIFORNIA: Flea Market and FCC examinations April 13, 
May 11. June 8, July 13. August 10 and September 14. Novice 
thru Extra exams given. Information call (408) 255-9000. 
Foothill College, Los Alios, CA. 73 Gordon, W6NLG VEC. 

ILLINOIS: The Moultrie Amateur Radio Klub (MARK) Hamfest, 
Sunday, May 5, 8 AM to 3 PM, Moultrie County 4-H Center 
Fairgrounds, Cadwell Rd., 5 miles east of Sullivan. Healed 
indoor/large covered outdoor Flea Market. No charge to ven-
dors. Vendors setup Saturday. No overnight hookups. Talk 
in on 655/055 and 52. For information: MARK, PO Box 79. 
Sullivan, IL61951 or call Vernon Jack, K9SWY (217) 728-7596. 

NEW HAMPSHIRE: Springiest '85, the 5th annual Flea 
Market/Hamfest, sponsored by the Great Bay Radio Associa-
tion. Saturday. April 20. 9 AM to 3 PM, Somersworth Armory, 
Blackwater Road, Somersworth. Admission $1.00. Tables 
$8.00 includes one admission. Free parking. Food and refresh-
ments available. Talk in on 146.40/147.00. For information/ 
table reservations: Great Bay Radio Association, PO Box 911, 
Dover, NH 03820. 

ILLINOIS: The Centralia Wireless Association's annual 
Hamfest, Sunday. May. Kaskaskia College Gymnasium, 3 
miles NW of Centralia. Doors open 7 AM to setups. No charge 
lor Ilea market and exhibit space. Some tables available. Ad-
mission to Hamfest is free. Food and refreshments available. 
Exams for all license classes except Novice will be given at 
9 AM. Send completed Form 610, copy of current license and 
check for $4.00 payable to ARRUVEC lo Lou Hodges, W9IL, 
Route 1, Box 62A, Centralia, IL 62801 by April 5, 1985. For 
further information: David Conder, KA90PC (618) 532-2772 
or Lou Hodges, W9IL (618) 533-4724. 

MASSACHUSETTS: The Framingham Amateur Radio 
Association's annual Spring Flea Market, Sunday, April 14, 
Framingham Civic League Bklg., 214 Concord St. (Rt. 126) 
downtown Framingham. Doors open 10 AM Sellers setup 
begins 8:30. Admission $2.00. Tables $10.00 includes one free 
admission. Pre-registration required. Bargains galore! Con-
tact Jon Weiner, K1WC, 52 Overlook Drive, Framingham, MA 
01701. (617) 877-7166. 

MASSACHUSETTS: The Montachusett Amateur Radio 
Association's Flea Market, Saturday, April 27, Knights ol 
Columbus Hall, Electric Avenue, Fitchburg. Doors open 9 AM 
to 3 PM. Dealer setup 8 AM. Admission $1.00. Tables $8.00 
each. Refreshments available. Free parking. Talk in on 
144.85/145.45 and 146.52 simplex. For tables send check 
payable to M A R.A., Jim Beauregard, KB1AY. 7 Mountain 
Avenue, Fitchburg. MA 01424. 

MINNESOTA: The Arrowhead Radio Amateur Club an-
nounces "Swapfest '85", Saturday, May 11, Holiday Inn, 207 
West Superior Street,, downtown Duluth. Doors open 8 AM 
for vendors. General admission 10 AM. Admission $4.00. 4' 
tables $5.00. Plenty ol food. Free parking. Talk in on 146.34/94 
repeater. For information: Bill Cossette, N0BKL, 15 Manitou 
Street, Duluth, MN 55808. 

MINNESOTA: The Rochester Amateur Radio Club's 8th an-
nual Hamfest, Saturday, April 20, John Adams Junior High 
School, 1525 NW 31st Street, Rochester Doors open 8:30 
AM. Large indoor flea market for radio and electronics items, 
refreshments and plenty of free parking. Talk in on t46.22/82. 
For further information: RARC, c/o WB8YEE. 2253 Nordic Ct., 
NW, Rochester, MN 55901. 

OPERATING EVENTS 
"Th ings to d o . . . " 

APRIL 13: Connecticut QSO Party sponsored by the 
Candlewood ARA, 1100Z13 Apr to 1100Z14 Apr, rest period 
0500 to tOOOZ. Send signal report, GSO number, ARRL sec-
tion or Ct. County for stations worked inside CT. Club station 
W1QI counts 5 points per band/mode. Mail by 5 May 1985 
(SASE for results) to CARA c/o R. Oillon, N2EFA, Box 143, 
Bethel. CT 06801. 

MAY 18: ARMED FORCES DAY. The annual Armed Forces 
Day Communication Test. CW, SS6, RTTY and SSTV. Cross 
band contacts — military to Amateur cross band operations 
18/1300 UTC to 19/0245 UTC May 1985. Military stations par-
ticipating in cross band operations: Air, NMH, NPL, NAM, 
NMN, NZJ, NAV, NPG, WAR. Military stations will transmit 
on select frequencies and announce the specific Amateur 
band frequency being monitored. The CW and RTTY broad-
casts will be a special Armed Forces Day message from the 
Secretary of Defense Transcriptions of CW and/or RTTY re-
ceiving tests should be submitted "as received". Time, fre-
quency and call sign of military station copied and name, call 
sign and address of individual submitting entry must be in-
dicated. Entries must be postmarked no later than 25 May 
1985. Send to following military commands: AIR — AFD Test. 
2045CG/DONJM, Andrews AFB, DC 20331-5000. NAM, NAV. 
NPG — AFD Test, 4401 Massachusetts Ave., Washington, 
DC 20390-5290. WAR-AFD Test, Commander. USAISC, Alt 
AS-OPS-CM, Ft. Huachuca, AZ 85613-5000. 

APRIL 10,11,17,18: All licensed women operators through-
out the world are invited to participate in the DX-Yl North 
American YL contest. DX YLs call "CO North American YL" 
and NA YLs call "CO DX YL". AH bands may be used. Stations 
may be worked and counted once on each band and mode 
Exchange station worked, QSO number, RS(T) state or 
country. For more information: Marty Silver, NY4H, 3118 Eton 
Road, Raleigh, NC 27608. 

MAY 1,2: Indiana Month of May Contest: Be the first to work 
500 Indiana contacts. Exchange RST, state, pnvince, or coun-
try, name and county (Indiana stations). Send copy of log, dup 
sheet and score sheet by June 30.1985 to Russ Ryle, N9DHX. 
Southern Indiana QRP Group, PO Box 2466, Bloomington, 
IN 47402. 

APRIL 30: Amateur Radio operators wilt have a rare oppor-
tunity to work an English Renaissance sailing ship when the 
Godspeed sails on a 10 week voyage from London, England 
to Jamestown, Virginia The original Godspeed was one ol 
three square-figged vessels which brought the first permanent 
English settlers to the New World in the winter of 1606-7. Rig-
ging the ship's radio systems has been coordinated by Neil 
Tanner, WA4CHQ. The Captain of the Godspeed is George 
Saliey, KA4FVB. Special QSL cards have been designed. For 
more information contact Jemestown/Yorktown Fdn , PO 
Drawer JF, Williamsburg, VA 23187 

APRIL 20: Spring SSB Contest. 1200 UTC Saturday, to 2400 
UTC Sunday. May operate a maximum of 24 hours. Ex-
changes: Members give RS, state/province/country and QRP 
ARCI membership number. Non-members give RS, state/ 
province/country and power output Stations may be worked 
once per band. Separate log sheets for each band must be 
received by May 21, 1985. Send logs to QRP ARCI Contest 
Chairman Eugene Smith, KA5NLY, PO Box 55010, Little Rock. 
AR 72225. 

DRAKE R-4/T-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of-the-art performance. 

Most types available 
INSTALL KITS TO UPGRADE 

PERFORMANCE! 

• BASIC Improvement 
• Audio Bandpass Filter 
• Audio IC Amplifier 

TUBES $23 PPD KITS $25 PPD 
OVERSEAS AIR $7 

SART0BI ASSOCIATES, W5DA 
BOX 832085 

RICHAR0S0N, TX 75083 
214-494-3093 
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products 

antenna bridge 
The new MFJ-204 Antenna Bridge lets you 

trim your antenna quickly and easily for its best 

performance. 

The antenna bridge will give an accurate 

reading of your antenna resistance up to 500 

ohms and will covet all the ham bands up to 30 

MHz . W h e n used to measure the resonant fre-

quency of your antenna, it allows checking to 

seeif the resonant frequency is higher or lower 

than desired. You can then lengthen or shorten 

your antenna based on the information gathered. 

Ill 

' % . 

Priced at $79.95, plus $4.00 shipping, the 

MFJ -204 Antenna Bridge has a frequency 

counter jack for precise frequency measurement 

and can also be used as a signal generator. 

Housed in a sturdy black aluminum cabinet, the 

unit is very compact ( 4 x 2 x 2 inches) and 

operates on a single 9-volt battery or 110 V A C 

using M F J ' s A C adapter (MFJ-1312, $9.95). 

For further information, contact M F J Enter-

prises, Inc., P.O. Box 494, Mississippi State, 

Mississippi 39762. 

Circle 1312 on Reader Service Card. 

low/medium power 
coax attenuators 

A series of 33 broadband, high-performance 

attenuators with six continuous-power ratings 

from 2 to 75 w a n s is now available from Bird 

Electronic Corporation. The 8300 series of 

50-ohm fixed attenuators covers a frequency 

range from DC-4 GHz with a V S W R below 1.25, 

except for the 75-watt and the 2-watt units, 

which cover DC-2GHz. Models 8308 (75 wans), 

8306 (25 wans), 8305 (15 wans), 8304 (10 watts), 

and 8303 (5 watts) are rated at a peak power of 

3 k W with pulses to 5 microseconds wide, are 

available with attenuation levels of 3, 6, 10, 20, 

or 30 d B and have male N input/female N out-

put connectors. 

The 8300 series attenuators can be used in 

tandem for odd dB values, or in connection with 

Bird 's T E N U L I N E ' high power attenuator (to 

4000 wans ) for additional attenuation. 

For details, contact Bird Electronic Corpora-

tion, 30303 Aurora Road, Cleveland (Solon), 

Ohio 44139. 

Circle 1313 on Reader Service Card. 

low noise amplifier 
The R.L, Drake Company has announced the 

introduction of a new low-noise amplifier for con-

sumer satellite television and other applications. 

The new Model 2574 provides a noise temper-

ature better than 100 degrees Kelvin and utilizes 

a 15-volt D C power supply with an output of 3.7 

to 4.2 GHz. 

The price of the Model 2574 L N A is $195.00 

(retail). 

For further information, contact R.L. Drake, 

540 Richard Street, Miamisburg. Ohio 45342. 

STV filtering 
Phantom Engineering, Inc. has introduced an 

improved version of their popular variable band-

width filter, the IFP-1. The new IFP-1X replaces 

the IFP-1. It still features the fingertip IF band-

width selection and IF gain control. The 70-MHz 

filter allows the bandwidth on the user 's receiver 

to be progressively narrowed with the IFP-1X ' s 

four-position signal selector which, in cases of 

small dishes and/or terrestrial interference, has 

shown remarkable results. 

The improvement comes from the ability of 

the IFP-1 X to pass all control signals below 10 

M H z that are used on quartz synthesized type 

receivers. Another improvement is the addition 

of the power supply with each unit at no addi-

tional cost. 

For more information, contact Phantom 

Engineering, Inc., 16840 Joleen Way , Bldg. E, 

Mo rgan Hill, California 95037. 

Circle 1304 dn Reader Service Card. 

STV receiver 
Luxor North America Corp. ' s new Mark 2 

remote-control S T V receiver is a single integrated 

satellite component. With a built-in stereo pro-

cessor and Dolby noise reduction, its advanced 

"block conversion" technology allows several TV 

sets in home, building, or neighborhood to share 

one S T V antenna while enjoying independent 

channel selection. 

Designed for use with regular, component TV, 

VCR , home or studio stereo, signal descrambler, 

dish positioning systems, and other audio-video 

equipment, Mark 2 is easily preprogrammed and 

operated by the infrared hand-held Remote Com-

mander. A n optional Remote Infrared Sensor 

allows use of the Commander in a room different 

from the receiver. A n antenna positioning system 

can bo remote-controlled. Digital channel and 

LED tuning indicators, and a signal strength 

meter, monitor receiver performance. 

For details, contact Luxor North America 

Corp., P.O. Box 32, Bellevue, Washington 

98009-0032. 

Circle <315 on ReadoV Service Card. 

tuning indicator kit 
Heath Company has expanded its Amateur 

Radio line to include the HD-3006 Crossfire 

Tuning Indicator for quick and easy tuning of 

R T T Y transmissions. Sixteen L E D s make up the 

HD-3006 ' s visual display: eight vertical L E D s 

identify mark signal strength; eight horizontal 

L E D s indicate space signal strength. Tuning the 

HD-3006 for max imum vertical and horizontal 

display provides a strong signal for computers 

or R T T Y printers. Each LED bar requires approx-

imately 14 dB no-signal to signal voltage ratio 

for full operation. M in imum input signal is 0.3 

V A C R M S or 0.5 V D C . Max imum signal is 15 

V A C R M S or 15 V D C . 

The HD-3006 Crossfire Tuning Indicator has 

a wide voltage range and is compatible with 

almost any interface/terminal unit that has 

oscilloscope outputs for tuning. The A C / D C 

cube-type power supply is included in the kit. 

For information and a free catalog, contact 

Heath Company, Dept. 150-435, Benton Harbor, 
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Michigan 49022. In Canada, write Heath Com-
pany, 1020 Islington Avenue, Dept. 3100, Toron-
to, Ontario, M8Z 5Z3. 

Circle 1314 on Reader Service Card. 

FCC/VE test guides 
Test guides for every Amateur Radio class of 

license are now available from Gordon West's 
Radio School. 

W P l i l - W : ̂ "J"- MUJ lr„; 
j 

The test guides list all 500 test questions plus 
the multiple-choice answers in an attractive 
8 -1 /2x11 inch manual. The questions, the 
distractors (wrong answersl and the right an-
swers are listed exactly as they will be found on 
ARRI or W5YI volunteer examinations. The Gen-
eral and Advanced class test guides list 500 ques-
tions; the Extra class test guide, 400; and the 
Novice class test guide, 100. 

Each test guide also includes study notes 
listing reference material from which the ques-
tions were derived and sources of further infor-
mation about the answers. Formulas for solving 
the problems are also incorporated into each test 
guide. 

Also included are several pages of instructions 
to the applicant on locating a Volunteer Exam 
Coordinator and how to sign up for a local 
volunteer-administered examination. Also includ-
ed are the necessary test forms that applicants 
must fill out ahead of time, including the new 
FCC Form 610 (revised). 

All test guides have been updated to reflect 
recent rewordings of FCC test questions. This 
will allow students to spot any format change 
in any of the FCC-approved questions. 

Study guides are priced at $19.95 plus $3.00 
postage. I Be sure to specify the license class you 
want.) Exclusive stereo Radio School 4-set cas-
sette theory tapes are also available at $39.95; 
each set of four theory tapes includes Amateur 
Radio "sounds" that help illustrate specific ques-
tions on the examinations. (Be sure to specify 
the license class covered by the theory course 
you are requesting.) 

For more information on study guides, code 
and theory training tapes, and a colorful catalog 
on instructional materials for volunteers who give 
the Amateur Radio exams, contact Gordon 
West. RADIO SCHOOL, 2414 College Drive, 
Costa Mesa, California 92626. 

Circle /302 on Reader Service Card. 

THE CHAMP 

BIRD MODEL 4304 

NO ELEMENTS 
25-1000 MHZ 

RF SAMPLING PORT 

AUTHORIZED - S i i ^ p ) OlSTHIBUTOfl 

I W b Q e r l 
WEBSTER COMMUNICATIONS INC. 

115 BELLARMINE 
ROCHESTER, Ml 48063 

313-375-0420 

CALL TOLL FREE 

800-521-2333 
800-482-3610 

^ CADDELL ^ 
^ COIL CORP. 

35 Main Street 
Poultney. VT 05764 

802-287-4055 
BALUNS 

Gel POWER 10 your anlenna! Our Baluns are 
already wound and ready lor installation in your 
transmalch or you may enclose them in a 
weatherproof box and connect them directly at 
the antenna. They are designed lor 3-30 MHz op-
eration. (See ARRI Handbook pages 19-9 or 
6-20 lor construction dotails ) 

tqOWat1(4:1.6:l,8:l,or 1:1 tmpodanca aetectono) i 8.50 
Universal Tranamalch 1 KW|I:1 Impadincel 12.50 
Universal Transmalch 2 KW (4:1 Impedance) 15.00 
Universal Tranamalch 1 KW (6:1.9:1 or 1:1-aelecl one) 14.00 
Untvoraat Tranamalch J KW (6:1.9:1 or 1: laelecl one) 18.50 

Please send all reader inquiries directly 

SAY YOU SAW IT 
IN 

HAM RADIO 
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QIK-PRO Paullin Industries W 1 1 1 4 0 0 ^ - 7 3 0 4 
Ashland,Ojfiio 44805 : 

QUICK WEATHER PROTECTION PRODUCTS & ANTENNA ACCESSORIES 
X-

Use covers w i th "F lo Th ru " air vents for humid i ty cont ro l . 

PRODUCT & DESCRIPTION 

CliK-ON 
Polarotor. 
LNA. 
Wire Terminal 
and also 
Down Converter 
Weather Boots 
with "Flo Thru" air 
vents tor humidity 
control. 
I'll I'anomg 

QIK-MOUNT 
(Universal) 
Down Converter 
Plate S Boot 
with "Flo Thru" 
airvents 

QIKCOVER 
Motor Boots 
with "Flo Thru" 
airvents 
Oil Pending 

QIK-PRO 
Actuator Boots 

with "Flo Thru" air 
•ents 
Pal Pt'.a.oQ 

OIK-LIMIT 
Universal Limit 
Switch 

OIK-ALIGN 
Feed Horn 
Alignment Tool 

LNA-S LNA-A LNADCB 
A UV resistant rubber boot designed to cover the 
polarotor-LNA and terminals and also seals tight 
enough to Keep out bees, birds or hornets. Vented to 
relieve condensation. The exclusive OIK-PRO pleated 
end is for easy installation and tight seal (lock band 
Included}. The boot hides equipment and improves 
overall looks. No signal loss. 

— ^ 

Channel Mnatos 
Saginaw Dun Wantt! Hylok 
Inlvf&ni MTi 
Gsnlok Sialic r. 

TJ 

m 

LNA-DC I 

LNA-DCP 
' Accepis most Down Converters 
* Keeps D C and terminals dry 
' Prevents grounding 
The universal mounting plate is rubber covered 
oerioraiea metal and a light sealing rubber cover 
with wire exits 

A UV resistant rubber cover that has ihe exclusive 
OIK PRO end lhat allows the boot to put on 
quickly and tightly seal on the drive unit Rubber 
lips on bottom for wire e*it (Lock band included ) 

ram 

• m l " ' ' ' • — I I I I | | : 
with " l imit Switch" L k S M A W W t-1 v." Actuators 

**"' Basic System 
A soft, pliable UV resistant expandable weather boot lhat covers the 
small end ot the actuator protecting It Irom Ice, rain, salt water, or dust, 
Withstands high heat and very low temperatures. (2 lock ties included.) 
For drives using limit switch designate "limit switch", (same price) 

QUICK » ACCURATE 

Universal limil switches mounted in 
an insulated bracket that clamps on 
all standard actuators quickly (DC 
AC wmnq diagram included I 

MOST ACCURATE FEEOHORN ALIGNMENT TOOL MADE'" 
* Gaoa 'fisiiuciions inciuflefl 
' Use O" bult(intir;<;>... . i tuj rti.lkslOOl. -1' 
" Oni; man ji<(;rmn-ni lot minimum antenna M()".i> 
' Sawtts houti Ol M'l ills guetis «Ot. in,) lwt.(,kintj 

" Nooks tlosft on IcedhO'il 10 aim X fllign lo 1-iaf.l 
centet oldish 

" 3 toinloiccd adiuslable triangulating leu* can tw set 
at l oca l d i s tance & po in t at center o l d i sh In one easy se l l ing 

MODEL 

(White) 
LNA-S 
LNA-A 
LNA-DCB 
LNA-DCP 
LNA-DCI 

(v^X) 
(Black) 
deduct si 00 

IBiacKi 
MB 
MBO 

Regular 
18 Drive 
24 
36" 
48" 
54 
6 0 " " 

B . i v . System: 

18" Small 

Boxed 

Extends 
25 10 47" 
Boxed 

Terms: Cash. Certified check. Money order. Money transfer Prices effective 6-1M 
Freight: UPS, COD. FOB. Paullin Industries, 1446 Stale Files. 60. Ashland. Ohio 44805 
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ALL BAND TRAP 
"SLOPER"ANTENNAS! 

F U L L 1 /4 w a v e - A L L B A N D S ! A U T O M A T I C 
S E L E C T I O N w i t h P R O V E N W e a t h e r p r o o f 

( sea led T r a p s - 10 Ga C o p p e r w e l d W l r e l 
G R O U N D M O U N T S L O P E R S - N o Red la la 
needed l (natant " O r l v e I n " M o u n t r o d f u m i i h a d . 
C o n n e c t T o p t o T r e e s , Bu i l d ing* . P o l e * , e t c at 
A N Y a n g k j f r o m S t r a l g h l u p t o 6 0 d e g r e e * f o r 
e x c e l l e n t " S L O P E R " O X A n t e n n a Gain or 
bend It a n y w h e r e you n e e d t o l 2 0 0 0 W a t t 
P E P i n p u t , man. P e r m a n e n t or por tab le U s e 
(nata l ls In 10 m i n u t e * . S M A L L - N E A T . 
A L M O S T I N V I S A B L E - N o one wf l l k n o w you 

have a H I ' P o w e r O X A n t e n n a . Ideal For C O N D ' O B A P A R T -
M E N T S - R E S T R I C T E D A R E A S - P r o - t u n e d for 2 - 1 o r le>» 
S W R o ve r A L L banda ( e x c e p t B 0 « 1 G 0 - 3 0 0 k c > No a d j u s t -
m e n t s needed - E V E R . C O M P L E T E L Y A S S E M B L E D , w h h 
5 0 f t R G - 5 0 U C o a x feed l ine and P L 2 5 9 c o n n e c t o r - r e a d y 
t o hookup) F U L L I N S T R U C T I O N S ! 

No. I S I O S ~ 1 6 0 - 8 0 - 4 0 . 2 0 - 1 S . 1 0 - 5 Uapa 8 3 t C — S 1 4 9 9 5 
No, 0 0 1 0 S - 0 O - 4 O - 2 O - 1 5 - 1 O - 4 t r aps 3 9 1 / 2 f t . - $ 1 2 9 . 9 5 
No . 4 0 1 0 S — 4 0 - 2 0 - 1 5 - 1 0 — 3 t r aps 21 1 / 2 f t - $ 9 9 . 9 5 
N o . 2 0 1 0 S 2 0 - J 5 - 1 O 2 t r a p * 12 f t . $ 7 9 . 9 5 
3 0 m e t e r s a d d e d t o any m o d e l $ 2 4 . 0 0 ea t /a . 
S E N D F U L L P R I C E F O R P P D E L I N U S A (Canada is S IO.OO 
e x t r a for pos tage e t c ; o r order us ing V I S A , M A S C A R D -
A M E R E X P . G l v a N u m b e r Ex Date- P n 1 . 3 0 0 - 2 3 6 - 5 3 3 3 
weekdays . W e shfci In 2 - 3 days (Pe r Cka 14 days) G u a r a n t e e d 
I y r - 10 day money back t r i aL . - toe 

W E S T E R N E L E C T R O N I C S r 103 
Dep t . A H - 4 K e a r n e y , N e b r a s k a 6 0 8 4 7 

GROTH-Type 

TC2 $12.50 
TC3 $13.50 
Spinner Handle 

Add $1.50 
Prices include UPS 
or Parcel Post In US 

99.99 Turns 
One Hole 
Panel Mount 

• Handy Logging Area 
• Spinner Handle Available 
Case: 2x4" ; shaft ' / ."x3" 

Modal TC2: Skirt 2-1 /8"; 
Knob 1 -5 /8" 

Model TC3: Skirt 3" ; 
Knob 2-3 /8" 

R. H. BflUMAN SALES 
P.O. Box 122 , I tasca, III. 6 0 1 4 3 

NEW 
products 

new Hamtronics® 800 MHz 
receiver preamplifier 

A new 800-960 MHz version of its popular 
GaAs FET preamp is now available from 
Hamtronics, Inc. The LNG-800 preamp features 
a dual-gate GaAs MESFET with built-in diode 
protection against static discharge damage. The 

unit has 11 dB of gain with a 1.5 dB noise figure. 
It is easy to install, operates on 13.6 VDC, and 
measures only 2 x 2 x 1 - 1 / 2 inches. The LNG 
series of GaAs FET preamps is available also for 
the high band and UHF band. Preamps in the 
LNG series, including the LNG-800, cost $49 plus 
$3 shipping. 

For complete information on the LNG 
preamps, and other Hamtronics products for 
VHF and UHF, contact Hamtronics, Inc.. 65 F 
Moul Road, Hilton, New York 14468-9535. 

Circle /107 on Reader Service Card. 

J.I.L. SX-400 general 
coverage scanning monitor 
receiver 

The new SX-400 general coverage scanning 
monitor receiver from J.I.L. Corporation is 
designed to cover A M / F M signals in the 26-520 
MHz region. This frequency range should be of 
interest because of the unit's complete coverage 
of the F M / T V and the 220-MHz band as well as 
military frequencies above 225 MHz. A complete 
line of converters for expanding the SX-400's 
range from 100 kHz to 1.4 GHz — making this 
unit one of the most versatile scanners on the 
market — is also available. 
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The SX-400 has a 20-channeI computer con-
trolled memory. Sensitivity is 0.5 /iV FM/1 ftV 
A M in the 26-300-MHz range and 0.5 nV FM/2 
/tV A M in the 300-520-MHz range. The unit has 
both a fast (8 characters per secondl and slow 
(4 characters per second) scan rate and has a 
variable 0 to 4-second) delay rate. An automatic 
noise limiter has been added to reduce pulse 
noise interference on A M and FM if a filter is 
used to facilitate the reception of TV and FM 
broadcast services. For high fidelity reception of 
signals, channels can be spaced in either 5 or 
6.25 kHz steps on VHF and 10 or 12.5 kHz steps 
on UHF. 

An easy-to-use keypad is included for pro-
gramming frequencies. The unit weighs approx-
imately 7-3/4 pounds (3.5 kg), measures 
11-8 x 3.5 x 8.3 inches (30 x 9 x 21 cm) and runs 
on 13.8 VDC. 

The SX-400 is directly interfaceable through 
the RC-4000 data interface to the NEC-8801A 
computer. This capability allows both high speed 
reprogramming of the scanner's channels and 
an almost unlimited number of channels to be 
contained in the computer's memory. The com-
puter also provides a complete record of which 
frequencies were received and the time at which 
they were received. 

Other accessories for the SX-400 include an 
800-1400 MHz downconverter for AM/FM 
(RF-8014); a 500-800 MHz downconverter for 
A M / F M (RF-50801; a 100 kHz-30 MHz upcon-
verter for A M / S S B / C W IRF-1030); RF atten-
uators, AF gain control, Delta tuning, IF noise 
blanker, provision for three external antennas, 
and squelch. When using the RF-1030 in con-
junction with the other converters CW/SSB and 
A M / F M in the 100 kHz-1.4 GHz range can be 
received. The suggested retail price is $574.90. 

For more information on the SX-400 and its 
accessories, contact J.I.L. Industries, 17120 Ed-
wards Road, Cerritos, California 90701. 

Circle 1303 on Reader Service Card. 

For the bo lit buys in lown call: 
212-925-7000 

Los Piecios Mas Bajos on Nueva 
Vwk. 

KITTV SAYS: WE ARE NOWOPEN 7 DAYS A WEEK. 
Saturday & Sunday 10 to 5 P.M. 

Mondoy-Fildny 9 lo 6:30 PM Tlturs. lo S PM 
Como to Baify's lot the best buys in town 

ONV Safety 
bellsin stock 

w j s m 
FT<ONE, FT 980, FT-757GX 
FT-726ft, FT-77, FT 270RH, FT-2700HH 

YAESU ICOM 
Ft twmiH IC2A1 
n 7/mnn iccwat 
rrc twn ico*AT r , c " *,0:' 

p T.m,„«.t 

W* Ohr* You th» Bwt In Am*t*ur and 
Commofclil Radio* Call U». It's 
Jan KttftV. Khty WA2BAP, Mart K2CON 
Swrt'i/iifit"ii''iifw N j imniitt 4j«if rotft 

K E N W O O D v. ' " " " 8 

CUUkijM .. IWlthM 
* KLM Mim »f«»««! MtnJey 

R-G00, R-1000, (1-2000, TS-03CaAT 
TS MOS, TfOGOOAtiSai. TR 7950, 
TW4M0A. Kenwood Sonriaj/Ropall, 
TH JIAT. THJIAT, TM2I1AJ 
<t1lA X TS-71IAI81IA 

TELEX PRO-COM 
ROCKWELL/COLLINS 

KWM-380 
VoComJMIraomDalwa LafflD inventory ol 
Tokyo Hy.powor Sa«ton Wire S Cable 
Amplifier* & 
518 KHT Gain AMERITRON AMPLIFIER AUTHORIZED DEALER 
Antennas IN STOCK 

Computer Interfaces 
stocked: MFJ I224 
AEA CP-1. PKT-1, DH.OX 
CP-100. ATU.Dr QSO 

D I I C O M 
IC R71A. IC751, IC745. IC ?7AiH IC-.17A 

IC-1?A. IC 2/IAJH, IC 3?Q0A, IC Jn.iA/H, IC 7.15 

IMICROLOG AIR I. Air disk 
KANTRONICS 

IUTU, Interfiles II. Clwllenfloi 

ALPHA AMPLIFIERS 

AEA 144 MHi 
AEA 440 MHr 
ANTENNAS 

BIRD 
'Wattmelers 4 

Elemonts fs. 
In Stock 

Complete Qutlemul Antenna 
Inventory In Stock! 

OtOrTAL mCOUCNCY counters 

l ong c*ng* Wlidnii 
Talvphcute lot »iiXMt m «l<xk 
BSNCHER PADDLES. 

BALUNS, AUDIO FILTERS, 
IN STOCK 

MIRAGE AMPLIFIERS 
ASTRON POWER SUPPLIES 

- DENTRON IS BACK IN STOCK! 

HEIL EQUIPMENT I IN STOCK J 

e e , ) l ~ ~ j t 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY, NEW YORK CITY. N Y 10012. 

N e w York C i t y ' s 

"Aqui 3 * Habla Eapanol" 
BARRY INTERNATIONAL TELEX I2-7070 
MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 
Monday f t.tla, 0AM ti> 6.501' M rtiu'xriay lo 11 f M $jituiv!a> i Sunday 10 A M to *• P M |l'<m> P*rk"M) 
AUTHORIZED 0IST£ MCKAY DYMEK FOR 
SHORTWAVE ANTENNAS & RECEIVERS 

IRT/LEX-"Spring Si. Station" 
Subways: BMT"P«lnco SI. Station" 

IND "F"T»aln Bwjf. Station" 
Bus: Brondwny «6 to Spring Si. 

P«fft~Wft 5f«(fi At* 5« 1(0.1 

LARGEST STOCKING HAM DEALER 
COMPLETE REPAifl LAB ON PREMISES 

We Slock AEA. ARRl. Alpha. Amoco. Afileniin Specialists. A&Ullc Asf'on. B A K. B i W, Bash. Benchof. 0l«d. Butternut. COE, CES, Collin*. Communications Spec. Connectors. CtmtctaU, Cushca'l, Dalwa. Oentron. Dwlmai, Diake. ETO (Alpha), Eirnac. Encoitim, Hell Souttd. Hfinn, Hustlei tNewUcuiiCi). Hy Oain. Icom. KLM. Harmonics, Lmson, MCM (Dniwa), MFJ, J.W Mllloi. Mini PioOucIb. Milage, Newlronlcs. Nye Viking, Palomat, HI Products. Radio Amolaw Callbook, Robol, Rockwell Collins. Smton, Shure. Tola*, Tempo, Iim Tnc, Tokyo HI Powet, Tdoay* TUBES. W2AU. Wabei. Wilton. Yae»u Hnm And Commercial Radios. Vocooi. Vlbroplea, Curtis, Trl Ex. Wacom Ouplexors. Repealota. Pfwlps Oodgo. Fnr«x» Inlmcoms., Scannais, Crystals , Radio Publications 
WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 

L»EALEniMOUIRl tSINVI lEO PHOHf »M VOUMOnotR A HE REIMBURSED 
COMMEHCIAi. RADIOS atookvd A ••rvlcvd en pr*mla««. 

Amateur Radio Courses Gfven On Our Premises, Call 
Eaport Ord«r» 8hlpp«d lmm«tllal«ty. TELEX 12*7070 

C«»in<«»i€i4' t<jmpitn»»t> 
!»l<K*«r«J »COM. UAIOH 
Mllllnnd. 'j«ar»Olii|», W.i mw. Ymsu We 9«rvn muM)£ieitiiiip«. tium 
•>o»«ai, tU.it Outmike 
•lc IVatables, irn>{nlps Iuhi lopoatnfj 

Butternut Electronics HF2V 
Butternut Electronics has just released a new 

two-band vertical antenna, the HF2V. Design-
ed for 80 and 40 meters, the HF2V can be 
modified to operate on 160, 30, and 20 meters. 
The overall height is 32 feet (9.75 meters) and 
the antenna weighs 13 pounds (5.9 kg). The 
HF2V is designed to match 50-ohm cable and 
will give a 2:1 or less VSWR bandwidth of ap-
proximately 65 kHz on 80/75 and full-band 
coverage on 40 meters. Its power rating is 2 kW 
PEP/1 kW CW (slightly less when using the 
160-meter base resonator). The HF2V is design-
ed to operate as a 1 /4-wave vertical on 40 meters 
and a loaded antenna on 80 meters. 

For more information, contact Butternut Elec-
tronics, 405 E. Market Street. Lockhart. Texas 
78644. 

SEMICONDUCTORS: P.C. BOARDS FOR MOTOROLA BULLETINS 
AN-762 MOO 
EB-27A 14.00 AN-791 10.00 
EB-63 14.00 EB-67 14.00 
KEMET CHIP CAPACITORS. 56 pi. 83 pi, 
100 pi. 390 pi, 470 pf SO ea. 
680 pi. 1000 pf 55 ea. 
5600 pi. 6800 pf. 1 1.00 ea, 
33 pi 1.90 ea. .68,,' 3.90 ea. 

CAMBION RF CHOKES: .15 .22 .33 («h. 4.7 (ih. 10 Mh ' 2 0 ea. 
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS: AN-762. EB-27A. EB-63 
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS: 5p(, lOpf, 15pf. 25pf, 30pf. 
40pl, 56pl. 60pf. 6Bpf, 80pl. 9lpl. lOOpl. 200pf, 250pl. 390pl, 470pl, lOOOpf 

We also carry a line ot VHF. UHF amplifiers and A TV equipment. 
Call or write lor our free catalog. 

MRF-208 12 00 MHW-252 ... 53.00 
MRF-240 18.40 MHW-710-1,.. . .61,00 
MRF-247 ,, ..34,80 MPSH-81 50 
MRF-309 . ,33.80 MV2205 58 
MRF-422 , 41 40 78L08CP 50 
MRF-454 20.00 2N4401 75 
MRF-901. ... 1.75 2N5190 1.50 
SBL-1 Double-Balance Mixer 6,50 

187 

I Communication 
I Concepts Inc. 

2648 North Aragon Ave,' Oayton, Ohio4542Q»(513) 396-1411 
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N e e d A S t o r a g e S c o p e ? 

i f f l t l , > ! , » — 

I 

® m m • § Q Q C L 

The Model 601 Scope Memory 
converts your oscilloscope into a 
storage scope. With the Scope 
Memory you can capture & display 
transiants, pulses and low fre-
quency signals. Stores both 
analog & digital signals in a single 
sweep. Features a 1.4 MHZ 
sample rate, 2K memory, pre and 
post trigger capabilities.Price $515 

S ibex, Inc. 
234(1 Sto ic R o a d 580 Su i le ?•! 1 
Clc.lU'Atl i-r f I 3351 H 
( 8 1 3 ) 7 9 7 - 9 5 8 9 188 

8 POLE CRYSTAL FILTERS FOR 
KENWOOD, ICOM, AND YAESU RADIOS 

KENWOOD 
2.1 kHz SSB tor TS-930 oi TS-830 matched set S1J9.99 
400 H? ON lot TS-930 or IS-830 rralchsd sal .$149.99 
2.1 kH; SSB tail end IF rascadn kit (8 txtra poles) lot me 
TS-430, TS-I20 and IS-130 . S79.00 
2 I hH! 8 polo «lal Iter Im Ito H I000 S129 00 
2 I kH; 8 pole xtal tiller lor the R-2000 $139.00 
400 He CW (8 pole) xlal litter lot ttie R-2000 , $99.00 
rs-930 NEW FM KI1 True Im, xrnil 6 rev 30 waits, n 
better than 2 uv sensitivity Wiiett and tested $139.00 
ICOM 
2 1 kH! SSB and 400 Hz CW 8 cote xlal tiller lor lite 
IC-730. 740. 745. H?0 and M l radios $99.00 

YAESU 
2 1 kH; SSB 8 pole xlal tiller lot the Ft 980 Filter lor 
Ft 757 available soon S99 00 

ICOM, Kenwood newsletters 1 year $10.00 US ($12 Km d m 
mall) $14 elsewhere. SASE lor details. ^ 109 

When ordering ploase speedy radio and crystal tiltor ordered. 
Please add S3 lor shipping and handling USA, $5 air mail. COD 
add SI 75, S10 overseas FL residents add 5% sales tax 

SEE US AT BOOTH 3S2 at DAYTON 

INTERNATIONAL RADIO, INC. 
1532 SE Village Green Dr. 
Porl St. Lucie, FL 33452 

(305) 335-5545 

r COMMODORE 
| - U S E I l WRITTEf l f S O i T W A I t E -
| Supporting nil COMMODORE computer* 

Writton by usors. for uxors 
* GAMES » UTILITIES * EDUCATIONAL * I 

i Our L a t e s t R e l e a s e s 

I 
I 

C-6* O«IOK;»...V.. 
C-6-» 0»>M Of EduCiH.omil Vic 20 0O5t 0* Camn» 
C-6-T BHM 01 UhliNi* VIC :>0 BUST OI E«oc;ilionat 
C 61 fi-i Coolant C•6-1 fl I V»e ?0 Unci Ot VJMitiob 
C-64 B4 Cornell C-64 U2 Vic Cnntont Vic »l 
C-G-t Cortlosl C G4 a3 

Speci fy Disk Or Tape S10.00 aach 
COMAL STAATERPAK- ' p.* so. -
Bulletin Board Sys-Qn o»m oi ut.^n catii>c»<m« 

f C O M M O D O R E 64™ collections « t thru 12 
j V I C i O " 1 coitectmns * I lluu \2 
! Tapo/Disk $10.00 ouch per collection 190 

SERIAL (AIILES DlilSETi Rex* Shrlnfe jOf-UTE' 
PDI Program Manual S10.00 

Stripping and Handling Chargcx 
> US'CI.KUKtifm OMtnft Add S3.00 

rof(v«|fi ora«i Add S5.00 
^ CHECK, MONET ORDERS. VISA and 

MASTERCARD accepted. No COD'a 01 P.O.'t 
Witte ' i' A FREE Catalan 

' P U B L I C D O M A I . V " , USC. 
5025 S Rangglmo R•>,. W M.lton. OH 45383 
10:00 a.m. • 5:00 p.m. ESI — Mon. thru Fn. 

|5I3) 698-5638 ot [5131 339.1725 

v 

NEW 
p r o d u c t s 

a u t o m a t i c ga in c o n t r o l 
( A G C - 4 ) 

The AGC-4 automatic gain control kit from 
Barrett Electronics is for any Amateur who needs 
to keep audio levels constant. In addition to the 
obvious repeater, autopatch, phone patch, or HF 
transmitter applications, the AGC-4 can be 
used in RTTY or SSTV reception with minor 
component adjustments. As featured in the 
September, 1984, issue of ham radio, the AGC-4 
will hold a constant output of 2 volts P - P I ± 2 
dB) with any input level ranging from - 36 dBm 
to + 10 dBm. At the center of the AGC range, 
the total harmonic distortion is 0.5 percent or less 
with a frequency response 1 - 3 dB) that spans 
40 Hz to 20 kHz. With the input shorted, the 
noise floor is - 42 dB below the AGC output 
level. The AGC-4 was originally designed for the 
Collins/Autogram " IC" series broadcast mixer 
and can be operated single ended or with user 
supplied level or impedance matching trans-
formers. The kit includes a drilled 2-3/4 
x 1-5/8-inch printed circuit board, parts, and in-

structions. The unit is priced at $28.00 including 
U.S. shipping. 

For details, contact Barrett Electronics, 525 
North 2150 West. West Point, Utah 84015. 

Circ le / 3 1 6 o n Fioador Serv ice Card. 

surve i l l ance rece ivers 
A new generation of HF surveillance receivers 

has been introduced by Cubic Communications 
with the R-3030, which features two complete-
ly independent receivers in the same rack mount 
normally required for a single unit. 

During the first nine months of introduction, 
the U. S. Navy contracted for nearly 1000 re-
ceivers in the series. Principal selling points in-
cluded size, light weight, and a wide range of 
standard advanced features. 

The basic receiver is fully functional without 
costly options, although customer-specified 
enhancements such as a special data bus or up 
to six selectable bandwidths also are available. 

The advanced modular design (in which plug-
in modules are secured by 1 /4-turn fasteners and 
can be replaced in 30 seconds or less) simplifies 
maintenance and improves operation. In addi-
tion, each module is independently shielded to 
protect circuits from electromagnetic interfer-
ence as well as potential handling and storage 
damage. 

In shock tests conducted for the Navy, the 
R-3030 demonstrated its rugged construction by 

passing a full 2000-foot-pound "hammer test" 
with a level A rating. The receiver was bolted 
to a platform, which then was struck by a 
400-pound hammer swinging in successive arcs 
of one, three and five feet. The test was then 
repeated with the R-3030 turned 90 degrees. 

The Navy's "level A " rating means the unit 
not only retained all components in place, but 
also continued to work perfectly after the 
shocks, which are meant to simulate the force 
of a direct hit to the ship by a non nuclear 
torpedo. The reliability level resulting from this 
rugged construction means more than 5000 
hours mean time between failures. 

The R-3030's expanded performance features 
include: tuning in less than 8 milliseconds over 
a full 5 kHz-30 MHz range, 30 percent fewer parts 
than conventional radios and capability for full 
computer control. The modular, building-block 
approach makes it easier to meet special require-
ments for data bus connectors, bandwidths, 
AGC settings and so on. 

Fault isolation is both simple and comprehen-
sive. providing quick detection and easy replace-
ment. All faults are reported automatically in 
three simultaneous modes: data bus, front panel 
annunciator, and LED on the faulty module. Field 
repair requires only removing the specified in-
dependently shielded module and plugging in a 
replacement. Each module is labeled and mark-
ed with a diagonal coding stripe to prevent im-
proper installation. No special tools, alignment 
or adjustment are required. 

The R-3030 also provides such standard fea-
tures as: 100 memory channels, IEEE-488 or 
RS-232 bus connector modules, EMI /EMC 
shielding, five bandwidths (0.5-8 kHz), five 
operating modes (LSB, USB, AM, FM, and CW) 
versatile sweep and scan modes and minimal 
power input (approximately 35 watts per 
receiver). 

The 48-pound dual system in a compact 
5 -1 /4x19 inch rack chassis saves valuable 
operations and parts storage space in the field 
while offering effective coverage of virtually any 
general purpose or surveillance requirement. 

For more information, contact Cubic Com-
munications, 305 Airport Road, Oceanside. 
California 92054-1297, 

Circ le 1306 on Reader Serv ice Card. 

t r a n s f e r l e t te r ing f i x a t i v e 
Once a curiosity, dry transfer lettering is now 

part of the design engineer's and draftsman's 
tool kit. Even though the letters stick to virtual-
ly all surfaces, permanence can be a problem. 
Unprotected transfer lettering wears off with use. 
General purpose aerosol sprays aren't much 
help, because they contain aggressive solvents 
that cause dry transfers to dissolve, wrinkle or 
even float out of position before repeat coats can 
be applied to build up a protective film. 

Two products from DATAK can help provide 
greater permanence: Dakakoat™ acrylic spray 
can be used to protect transfers applied to 
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painted or unpainted surfaces on metal and plas-
tics. It will not, however, form a smooth film on 
porous materials such as paper and tracing 
vellum; Datakoat rests on top of the transfer, but 
wil l sink into the surrounding areas of porous 
materials. 

The transfer lettering on porous surfces can 
be protected wi th Hardkoat,™ a unique spray 
for use on rubdown transfers applied to paper 
and other porous surfaces. A single coat softens 
and penetrates the transfer ink, then glues it to 
the surface. No additional coats are needed 
unless severe weathering is expected. 

Hardkoat is supplied in 12-ounce spray cans 
in either gloss or matte finishes. The price for 
either is $4.75. 

For further information, contact The DATAK 
Corptaration, 65 71st Street, Guttenberg, New 
Jersey 07093. 

Circle #307 on Reader Sorvico Card. 

eng ineer 's s a m p l e case 
Aries Electronics, Inc. has made available a 

Component Engineer's sample case, Part No. 
SB-100, containing over 100 pieces of various 
connector products the company makes. In-
cluded are sockets, Vertisockets,* elevator 

sockets and single-row sockets (both stamped 
and collet pin versions), headers, programmable 
headers, switches, short ing plugs, jumper 
assemblies, etc. Wor th over $100 if purchased 
individually, these pans come in a handy plastic 
case and sell for $30.00. 

For additional information, contact Aries Elec-
tronics, Inc., P.O. Box 130. Frenchtown, New 
Jersey 08825. 

Circle #308 on Reader Service Card. 

D T M F e n c o d e r m i k e 
Midland LMR has introduced an optional 

DTMF encoder microphone for its Midland SYN-
TECH' " line of 2-way FM mobile radios. Avail-
able wi th or without automatic number identifier 
(AND capabilities, the new dynamic amplif ied 
microphones incorporate an integral DTMF en-
coder capable of generating the 16 standard 
DTMF digits 0-9 plus A, B, C and D. The 

m 

AT LAST A MINIATURE 
BASE STATION AT A 
MINIATURE PRICE... 

The MX-15 is a 15-meter band S S B / C W hand-held transceiver. II 
measures only 1 W (D) x 2W (H) and offers 300mW (or SSB 
and CW operal ion. A single-conversion receiver employing a 
M O S / F E T Iront-end offers clear and sensit ive reception. As a 
base or portable station, the MX-15 offers an unlimited challenge 
in QRP operation. Addit ional accessories are available to extend 
your operation. 

f rom factory direct or HENRY RADIO 
i ty and i 
(800) 421-6631 

$ 1 2 9 . 9 5 v S T 

ACCESSORIES SUPPLIED 
Standard Frequency crystal of your choice 
6 pc. AAA Batteries 
DC Cable 
Instruction sheet 

ACCESSORIES AVAILABLE 
MX Channel crystal (Standard Frequency) 
MS-1 External Speaker-Microphone 
Noise Blanker Kit 
NB-1 Side Tone Kit 
SP-15 Telescoping antenna 
2M2 DC-DC Converter set 
PR-1 Mobile Rack Kit 

, VX-15 External VXO (one crystal supplied) 
PL-15 10W Linear amplif ier 

57.00 
$23.50 

S6.50 
S11.50 
S19.50 
817,50 
S23.50 
$53.50 
$89.50 

Photo shown MX-15, VX-15, PL-15, SP-15, MS-1 
and PR-1 

communications, inc. ?,1 i l l ASPAN ST LAKE FOREST. CA 92630 |7I4| Mt-4900 
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A L L BAND TRAP 
VERTICAL 

Great lor DX 
Completely assembled ant] ready !o use1 

Commercial quality, bum 10 lasl - l ight, 
weiqhl. sealed, weathorprool IrapCsl 
Ltiw loss end insulator Handles up 10 

2000 wans PEP • Automatic band suit 
etiing -fof all transmitters. receivers & 
transceivers Tufinr usually never ic 
Quired • Deluxe end leed connector. w in 
uuilt in lightning arrestor, accepts PL-259 
coax eonnccior -Use as sloper or vortical 

Permanent or portable use Easy to in-
stall -Can be used without radiais • At 
laches to almost any support -Excellent 
lor all class amateurs Instructions In-
cluded 10 day money-back guarantee! 
•i-8and40.20.t5.t0 meters |27'| 1 trap»VS4l 
S39.95 plus 54 00 stupping 
S Banfl.80,40,20.15.10 meters (52') 2 traps »VS-52 
S54 95 plus M 00 shipping 
50 It f)D 58U. 52 ohm coax cable with PL-259 connectdi on 
each end - add $8 00 to above price 
We accept VISA/MC dive Card*. Exp dale. Signature 193 

. _ SPI-RO DISTRIBUTORS, ^ ^ „ 
" Room 103. P.O Box 1538 H B r , 

Hendersortuil le. NC 28793 I b k h :*«) 

IRS 
Distributors 
646 W. Market Street 
York, PA 17404 
(717) 854-8624 

Friendly 

Personal ized Service 

Full Line of 
Amateur Radio Equipment. 

Factory Authorized 
Kenwood and ICOM dealer. 

Call us today 
Jim, K3JFL lean K 3 0 A U 

Dale, KA3KOL 201 

SSS GIANT SAVINGS SSt 
H I G H Q U A L I T Y AT L O W P R I C E S 

DYSAN* DISKETTES 
PREMIUM QUALITY AT HUGE SAVINGS 

«SV. ss/oo 
O S / D D I 

Alt diskettes aro in boxas ot t o 
with Inbeltk envntopns and rnlntorced hubs 

products 
company had previously announced availability 
of a DTMF decode option (or its SYN-TECH 
radios. 

The new SYN-TECH DTMF encoder micro-
phones have a front-mounted keypad which can 
be enabled and disabled by an on-off switch, 
with current status indicated by a red LED. An 
internal annunciator provides audible confirma-
tion of each keypad switch closure. Single tones 
can be generated, also, by simultaneously press-
ing two keys in the same column or row. Top-
located up/down switches allow direct control 
of channel selection from the microphone. 

The SYN-TECH DTMF microphone with ANI 
capability features an ANI output which is jumper 
selectable from one to eight digits. The ANI se-
quence is automatically sent at the beginning of 
a transmission if a pre set time interval has 
elapsed since the previous transmission. The ANI 
code sequence con be activated at any time by 
pressing the " or H key, and can be "strapped" 
to give single or multiple sequences when 
activated. 

DISK STOR hold* 50 V V Olnkertes $ 12.95 + $2.00 Bhlpplnfl 

PRINTERS 
Panasonic KX-P 1090 $245.00 
Panasonic KX-P 1091 $302.00 
Okidata ML-82A $305.00 
Okidata ML-84 $695.00 

Write or call lor complete catalog on com-
puters and/or books 

SHIPPING 5 ' . " DISKETTES - Add S3 OO per 
100 or less PAYMENT VISA. M/C or 
chuck wi th order COD ordors add 52.00 50 
credit on lona distance phone orders. TAXES 
Ill inois customers odd 8% i X 195 

For more information on the new Midland 
SYN TECH DTMF options, contact Midland 
LMR, Marketing Department, 1690 N. Topping, 
Kansas City, Missouri 64120. 

Circle 1309 on Reader Serv ice Card . 

micro -ohmmeter 
Cambridge Technology, Inc. has introduced 

the Model 510, a low-cost, 4-1/2 digit, micro-
ohmmeter designed to measure the resistances 
of switch and relay contacts, transformer and 
motor windings, connectors, or any other low 

resistance devices. It has five ranges from 19.999 
milliohms to 199.99 ohms, full-scale, 1 micro-
ohm resolution, and a basic accuracy of 0.02 
percent. 

Three measurement modes are provided. The 
continuous DC mode is useful for making 
measurements on inductive components and the 
switched DC mode removes the effect of ther-
mal voltages, the largest source of error in low 
resistance measurements. A pulsed mode is pro-
vided for thermally sensitive devices such as 
fuses. The standard unit comes with 4 terminal 
Kelvin test clips and a parallel BCD interface. Op 
tional limits comparators, battery operation, and 
an RS-232 interface will be available in the first 
quarter ol 1985. 

For further information, contact Cambridge 
Technology, Inc., 2464 Massachusetts Avenue, 
Cambridge, Massachusetts 02140. 

Circle #311 on Reader Serv ice Card. 

automat ic phbne patch 
system 

NCG Co. has just announced its new Hotline 
007 simplex autopatch unit. When connected 
between your radio and the telephone line, it 
enables initiation and reception of telephone calls 
without operator assistance. The Hotline 007 
uses a unique method of signal processing that 
eliminates annoying squelch tails and chirps that 
are heard on other units. The unit uses a field 
programmable five digit access code to eliminate 
unauthorized use. In the event that you drive out 
of communications range, the Hotline 007 has 
a variable 3 to 12 minute time-out timer. When 
someone is calling, the Hotline 007 will page you 
with a CW message. To answer the call, simply 
send your 5 digit access code and the Hotline 
007 will connect you to the phone call. You can 
also program the unit to refuse any calls that start 
with a 0 or 1, NCG also has DTMF microphones 
and telephone handsets available as options. 

For further information and prices, contact 
NCG Co., 1275 N. Grove, Anaheim, California 
92806. 

Circ le 1301 on Reader Serv ice Card. SCAMP SYSTEMS, INC. 
BOX 59451 - CHICAGO, ILLINOIS 80659 

1- 312-287-9858 
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THE GUERRI REPORT^ 
toward "softer" software 
Early electronic data processing 
systems required that people com-
municate with them in their own lan-
guage — machine language. But it 
soon became clear that communica-
tion between people and machines in 
binary, or some related code, was 
cumbersome — for the people — and 
"higher-level" languages had to be 
devised that would be more recogniz-
able to people and would automatically 
do conversion to machine language. 
FORTRAN, COBOL, BASIC, Ada, and 
LISP are all the products of a relentless 
move toward computer languages that 
are closer to human experience, yet 
still accommodate more complex 
machine architectures. This trend 
toward "softer" software is aimed 
primarily at user friendliness — the 
keep-it-simple concept. But there's a 
price to pay. Not everything is simple. 
In an attempt to simplify the lan-
guages, software architects have to 
choose the complexity of the functions 
they want to implement with relatively 
simple program statements. In this 
simplification process much computa-
tional power can be lost. 

Computer architects and software 
designers must now work hand-in-
hand to assure that commands given 
by humans can be interpreted by 
machines whose logic has been op-
timally structured to perform specific 
algorithmic functions. As machines 
become more complex, finding the 
best combination of machine structure 
and software language is more diffi-
cult. If we structure the machines to 

easily interpret "plain English," then 
the machines may be limited by what 
can be said in English. A compromise 
between language simplicity and ma-
chine functionality is in order. The best 
compromise has yet to be determined. 

RF sonar 
serves medical needs 

During 1985 some of the key 
biological functions of astronauts 
aboard the U.S. Space Shuttle will be 
monitored by a process called 
echography. In this process, body 
functions are observed by radio fre-
quency sonar operating in the 3 to 5 
MHz region. A small antenna probe is 
used to illuminate the tissue at very 
low power, and the echo returns form 
a time-sequenced image of the tissue. 
The data is stored as real-time video, 
and can then be digitized and image-
enhanced. Resolution is very good; im-
ages are formed at rates up to 50 per 
second, and time-motion analysis can 
be updated as often as 5000 times per 
second. This can give very detailed in-
formation about heart movement and 
the flow of blood through vital organs. 
(You fellows with 75-meter beams, 
please — no elevation rotators!) 

synthetic rocks 
Researchers in Australia have 

developed a synthetic rock material 
that may have important application in 
the disposal of radioactive material. 
Major problems involved in disposing 
of high-level radioactive waste include 
site safety, disintegration of surround-
ing material, and the ability of the 

waste containers to remain intact for 
the required 10,000+ years. It's not 
too difficult to find geographical areas 
which can be extrapolated to remain 
stable for several hundred thousand 
years, but finding containers whose 
atomic structure is not destroyed by 
years of intense radiation has been an 
elusive process. 

The newly developed "Synroc," as 
its developers call it, is made of three 
natural minerals whose atomic struc-
ture is such that high-level radiation 
converts the rock to a glassy material. 
The glassy material is atomically stable 
and resists cracking and subsequent 
leakage. The Los Alamos National lab-
oratory is now evaluating the material 
by embedding high-level waste with a 
short half-life (less than a year) into the 
Synroc and then extrapolating the 
results. Considering the very long half-
life of the more common waste, the 
validity of extrapolation will have to be 
shown. In any case, this may be a 
major development in what has other-
wise been an unyielding problem. 

GaAs high speed ICs 
make progress 

Silicon semiconductor material has 
been the mainstay of the modern elec-
tronics industry for about 25 years. It 
has been continually improved and 
now offers good speed, high yields, 
and best of all, low cost. However, we 
are now pushing the limits of silicon 
physics and device geometry to get 
further improvements. Gallium 
Arsenide (GaAs) and an associated 
family of semiconductor materials 
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TUNE IN 
THE WORLD OF 

H ftfl ! 
Hams should be " s e e n " 

as well as heard! Thou-
sands of ATV operators 
across the country are 
sending great looking color 
TV pictures (with sound) to 
each other. FSTV-DX can go 
hundreds of miles. There 
are now over 80 Ham Televi-
sion "Repeaters" relaying 
these video signals over 
rough terrain. 

Ham Radio UHF-TV Is as 
simple as hooking up a 2 
meter rig and antenna. Our 
"Everything You Always 
Wanted To Know About 
ATV" 112-page manual will 
teach you how to do It 
($9.95). 

Under the guidance of the "United 
States ATV Society," Amateur TV 
(FSTV-SSTV-FAX) Is growing In activi-
ty. And, we've been promoting It now 
for over 18 years! 

Sample Issue - Just $2.50 ppd. 

Special Trial Subscription - $10.00. 

(Published I i ly j 
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P.O. Box H. 

Ixjwdcn, Iowa 
5 2 2 5 5 
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SIGNAL GENERATOR 

MULTI-BAND 
TRAP ANTENNAS 

Complotcly assembled & ready lo use • Commercial quality, 
built lo last -lightweight. sealed, wealttcrproof naps 
-Automatic Band switching - l ow loss end insulators • Handles 
up to 2000 watts, PEP For all transmitters, receivers S 
transceivers • Tuner usually never required -Deluxe center in-
sulator. with built in lightning arrestor. accepts Pl-259 coax 
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class amateurs Instructions included - 10 day money Back 
guarantee1 
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SHIPPED POSTPAID! READY TO USEI 
90 It RG-50U, 52 ohm coax cable, with PL -259 connretor on 
each end - AddS t2 00 to above price. ^ 

We accept VISA/MC-Give Card ». Exp Date. Signature 
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MODEL 
SG-100F 
$429.95 
delivered 

• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy + / - 1 part per 10 million at all 
frequencies * Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out-
put adjustable from 5-500 mV at 50 Ohms 
• Operates on 12 Vdc ® Vi Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu-
tion, AM. and a precision 120 dB attenuator 
• Call or write for details • Phone in your 
order for fast COD shipment. ^ 197 

VANGUARD LABS 
196-23 Jamaica Ave., Mollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 

SAY YOU SAW IT IN 
hamm-

~ - W l r -

offer the higher speeds made possi-
ble by high electron mobilities. Micro-
wave GaAs devices have been availa-
ble for some time, but the price 
has been fairly high due to the higher 
material cost and poor yields. Obtain-
ing flat, defect-free epitaxial wafers for 
the fabrication of GaAs ICs has been 
a very difficult and costly process. 

However, new techniques permit 
material growth and processing with 
sufficient quality to permit small-scale 
integration on a commercial basis. 
Simple digital circuits containing tens 
of devices are available in the market, 
and arrays with a few hundred ele-
ments will be readily available during 
1985. Work is progressing on very 
high-speed memories with cycle times 
of 500 picoseconds, and complex 
functional circuits with 1-GHz digital 
and 5-GHz analog circuits sharing the 
same real estate should be available in 
another year or two. 

This next generation of circuit devel-
opments will offer yet another mile-
stone in speed and capability in prac-
tically every domain of telecommuni-
cations. Amateurs have already seen 
the benefits of GaAs devices in low-
noise VHF/UHF amplifiers, and will 
next see comparable performance in 
the signal processing sections of new 
radio equipment. 
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2.3 GHz 
MICROWAVE EQUIPMENT 

RMLA-I $36.00 

RMMX-I $20.00 

2 3 GHz LNA. H Dl) qmn SC 
ohm (BNC) Input n a n 

s is i lm typical Ml" ? 6 D!> 
n<!(juirc.'S » 1? VDC. 3 5 » 

2 wi ihnuf enclosure 
7 3 GHz double balanced 

miner 50 ohm (BNC). 2 5 " x 
2 . V ' * 1 ' \ without enc losure 

? 3.2.45 C.H.- voltage 
cont rn i lndDnc i l l .ua ' . 10 *>'• 
output . Requires » t 2 VDC 

... b ias and - l to - 12 VOC lun-

P M v n I I i n q 2 * 1 1 1 • 
n n F M m 0 1 , " , a , e t l w , l h 8 o h m 

5 3 b . U U sponkRf as microphone 

Also Antennas, Mast Mountable 
VCO/an iennas . Deteciors, Signal 
Generators, Atlenuators, and Line 
St reichers 
ROENSCH MICROWAVE 
R.R. 1. Box 15GB. 
B R O O K F I E L D , M ISSOURI 64626 i S ' 8 3 K 

158 Q& April 1985 Tell 'errt you saw it in H A M RADIO! 



MAY 1985 / $2.50 

ham radio 
magazine 

in this issue: stacking Yagis properly • 0.5-30MHz active antenna 
• vary your take-off angle • switchable vertical wire array •alternative 
method of feeding phased arrays • multiband sloping vee beam 
• 160-meter transmission line antenna • RF transmission cable for 
microwave applications • ba/uns • convert your fixed tower to a 
tilt-over • plus W1JR, W6SAI, K0RYW. and the Guerri report 



MAY 1985 
volume 18, number 5 

T. H. Tenney, Jr., W1NLB 
publisher 

Rich Rosen, K2RR 
editor-in-chief 

and associate publisher 

Dorothy Rosa, KA1LBO 
assistant editor 

J o s e p h J . Sch roeder , W 9 J U V 
A l f r ed W i l s o n , W 6 N I F 

associate ed i tors 
Susan Shor rock 

edi tor ia l p r o d u c t i o n 

editorial review board 
Peter Ber t in i , K1ZJH 

Forrest Gehrke. K2BT 
M ichae l Gruchai la , P E . 

B o b Lewis . W 2 E B S 
M a s o n Logan, K 4 M T 

Ed W e t h e r h o l d . W 3 N Q N 

publishing staff 
J.Craig Clark, Jr., N1ACH 

assistant publisher 
Rally Dennis, KA1JWF 

director of advertising sales 
D o r o t h y Sargen t , K A 1 Z K 

adver t is ing p r o d u c t i o n manager 
Susan Shor rock 

c i rcu la t ion manager 
Therese Bou rgauh 

c i rcu la t ion 

ham radio magazine is published monthly by 
Communications Technology, Inc 

Greenville. New Hampshire 03048 0498 
Telephone: 603 8 78 1441 

subscr ipt ion rates 

United States: 
one year, $19 95; two years, $32.95; three years. $44 95 

Canada and other countries (via surfat e mail) 
one year. $22.95; two years, $41.00; three years. $58 00 

Europe, Japan, Africa (via Air Forwarding Service!: one year, $28.00 
All subscription orders payable m U.S. Kinds, via international 

postal money order or check drawn on U S bank 

international subscription agents: page 140 

Microfi lm copies are available from 
University Microfilms, International 

Ann Arbor. Michigan 48106 
Order publication number 3076 

Cassette tapes of selected articles from hum radio 
are available to the blind and physically handicapped 

from Recorded Penod>cals, 
919 Walnut Street, Philadelph.a, Pennsylvania 19107 

Copyright 1985 by Communications Technology. Inc 
Title registered at U S Patent Office 

Second class postage paid 
at Greenville, New Hampshire 03048 0498 

and at additional mailin.j offices 
ISSN 0148 5989 

Send change of address to ham radio 

Greenville. New Hampshire 03048-0498 

m nam 
radio 

magazine 

contents 

18 stacking Yagis is a science 
Steve Powlishen, K1FO 

37 active antenna covers 0.5-30 MHz 
Peter Bertini, K1ZJH 

46 control your take-off angle: 
the JR vari-lobe antenna 
R.R. Schellenbach, W1JF 

53 the end-fed 8JK: 
a switchable vertical array 
R.R. Schellenbach, W1JF 

58 feeding phased arrays: 
an alternative method 
Al Christman, KB8I 

66 ham radio techniques 
Bill Orr, W6SAI 

71 a sloping terminated vee beam 
Robert Ross 

87 160-meter transmission line antenna 
Ted S. Rappaport, N9NB 

95 VHF /UHF world: stacking antennas, 
part 2 
Joe Reisert, W1JR 

106 RF transmission cable 
for microwave applications 
Howard Weinstein, K3HW 

113 balun chop suey 
John J. Nagle, K4KJ 

125 tilt-over conversion 
of a fixed antenna tower 
Dick Rollema, PA0SE 

165 the Guerri report 
Ernie Guerri, W6MGI 

hr 
166 advertisers index 157 new products 

and reader service 11 presstop 
79 DX forecaster 4 reflections 

140 flea market 121 short circuits 
144 ham mart 

May 1985 (gfl 3 



the readers speak . . . 
We asked — and you answered our call for solutions to the problems facing our hobby today (see 
"Reflections," February, 1985, page 5. Each and every one of your letters was read, and we're proud to 
act as a clearinghouse for your many ideas and suggestions. 

Foremost you recognized that Amateur Radio has changed, and that hams have to accept that fact before 
any effective improvements can be made. 

Here are some of your comments on the problems, followed by some suggested solutions: 
"The challenge is gone. Want to hear China? Just turn on the TV." 

"Equipment is just too expensive and complex for us to do our own repairs." 

"Our kids are into computers, not radio." 

"Hams are boring and don't know how to communicate any more." 

"Consumer electronics and RFI — what a nightmare!" 

"Enforcement, what a joke — the FCC's a paper tiger." 

Can we expect the general public to help? I doubt it. Many of them see us as "the ham down the block 
with the ugly tower and wires all over." Don't expect too much sympathy from the neighbors — especially 
if their brand-new VCR is carrying our conversations as well as their programming. So what do we do? 

SCHOOLS. Talk to your local school board. Could some space and time — say an hour a week — be 
set aside for a Novice course taught by local hams? What about high school science teachers? Would they 
be interested in having guest speakers address classes on Amateur Radio subjects? Radio clubs, how about 
sponsoring radio-related science fairs, with prizes or scholarships awarded for the best projects? How about 
donating software — morse code tutors and technical Q&A's, for example — to school libraries? Besides 
the school environment, summer camps and community centers would also be logical places for reaching 
and teaching prospective hams. 

PUBLICITY. We need more of it — the good kind, that is. Make a personal effort to contact and provide 
details of Amateur Radio events to your local newspaper and radio or TV stations. Every little bit helps. 
There's a move afoot to produce and distribute a brochure describing the "fun" aspects of our hobby. 
When it becomes available, get some and hand them out to the neighborhood kids. Do any of you work in 
the media or public relations? How about using your skills to help improve our image? 

PARTICIPATION. This means all of us. No contribution is too small. Participate by helping out at the 
club, helping newcomers to the hobby even after they're licensed. (This in itself might help reverse the 
"dropout" rate.) How about being an Elmer and forming a "ground wave net" to bring together new hams 
in a local net designed to help them overcome their initial shyness? I'm sure we can all remember how 
we felt during those first few weeks on the air. 

Dear Senior Citizens, you have the time, the knowledge, and the political clout. Your active leadership 
and participation are essential. 

What would happen if, for the good of Amateur Radio, we set aside our individual concerns and pooled 
our talents in a single "umbrella" organization dedicated solely to protecting and preserving our hobby? 
Perhaps then it would be more difficult for commercial interests to nibble away at our spectrum. We have 
to lobby from a position of unity and strength. 

PERSONAL GROWTH. Hams used to be interesting people to talk to. We could converse on diversified 
subjects at length. Now too many of us appear to be overly involved in contesting and card-collecting — i.e., 
doing the same old thing all the time, when we should be advancing our knowledge, experimenting with 
different modes, and searching for new frontiers. 

Perhaps we can act on some of the advice offered by our readers and help improve the hobby. 

Rich Rosen, K2RR 
Editor-in-Chief 

4 QB May 1965 



de W9JUV 
THE 2-METER CHANNEL SPACING ISSUE MAY RESULT IN A CONFRONTATION that could leave Amateur 

Radio with some bad long-term wounds. Repeater operators from the mid-Atlantic and New 
England states met March 2 to strongly endorse 15 kHz spacing not only for 146-148 MHz, 
but even possibly for 144.5-145.5 MHz as well, thus picking up another six channels. In a 
similar action southern California's 2-Meter Area Spectrum Management Association met March 
23 to also endorse 15 kHz spacing across the whole band, despite serious interest in northern 
California in shifting to 20 kHz as their neighbors in Oregon and Washington have done. By 
their action the southern California group's decision puts them in direct conflict with Mexi-
can Amateurs, whose government has mandated 20 kHz on the 2-meter band. It's believed that 
Mexican representatives who attended that meeting may even ask their government to lodge a 
formal objection with the U.S. State Department. 

20 kHz Proponents Seem Equally Determined In Their Choice, with Texas the latest in a num-
ber "oT-westernstates to endorse the change. Michigan was the first state east of the Missis-
sippi to adopt 20 kHz, and it's under heavy pressure to reconsider. Alabama is reported to 
have voted to implement 20 kHz by July 1, but Missouri opted to stay at 15 kHz at a February 
meeting. Midwestern repeater representatives plan to meet at Dayton for further discussions. 

Despite The fCC's Strong Desire For A National Coordinator, formalized in PR Docket 85-22, 
the escalating 15 vs 20 kHz conflict seems to offer little hope for simple or early resolu-
tion of the increasing number of repeater conflicts that led to that NPRM. Indeed, the FCC 
may even be asked to endorse 15 kHz through a Petition for Rule Making. Such a move was 
considered by the East Coast group at its recent meeting in support of 15 kHz. However, it 
is hard to see how such a petition would find any support at all within the Commission, which 
is trying very hard to get away from regulating details of Amateur operations. Furthermore, 
in this case such an FCC mandate would put it in direct conflict with the Mexican government 
and thus risk diplomatic repercussions. 

AMATEUR RADIO PROBABLY WON'T FLY ON THIS SUMMER'S SPACE SHUTTLE, according to late word 
from NASA. The official reason is problems of integrating the exotic Amateur equipment that 
Tony England, W0ORE, was to use on Flight 51F with shuttle equipment. Though strong last-
ditch efforts are being made to salvage the Amateur operation, at presstime it looks very 
much like there won't be an Amateur operating from space this year. 

AMATEUR RADIO VS CABLE TV IS YET ANOTHER CONFRONTATION that seems to be escalating. In 
late February the FCC proposed in Mass Media Docket 85-38 that cable TV radiation limits be 
relaxed by another 8 dB, to 50 microvolts per meter, and that various other restrictions 
including the requirement tor annual system inspections be dropped. In view of the number 
of Amateurs who've had problems with cable leakage interfering with their 144 or 220 MHz 
operations, this proposal presents a real threat to Amateur Radio. Comments were due in 
late March. Amateurs have a strong ally against the proposal in the broadcast industry. 

Amateurs Have Been Shut Down Due To Cable Interference in two recent unrelated cases. In 
the first, WB20TK/4 was ordered off the air by the Engineer-In-Charge of the FCC Atlanta 
Field Office for interference with the Greenville, S.C., cable system. FCC Amateur rule 
97.73(d) on interference to other stations was cited, despite checks that showed the cable 
system was so badly maintained that a 150 mW hand-held's signal caused problems for viewers. 
The FCC inspected WB20TK's station but did not even contact the cable operator in an appar-
ent violation of the FCC's own rules requiring a cable system to take responsibility for 
resolving interference problems. In the other case, WB4NMA was shut down, again by the 
Atlanta Field Office, for interfering with cable viewers in Gainesville, Georgia. 

2-Meter Privileges Were Restored To Both Operators following the intervention of the ARRL 
through its General Counsel Chris Imlay, N3AKD. However, the Commission's proposed cable 
rules relaxation combined with the kind of FCC Field Office attitude that led to these two 
cases could spell serious trouble for future Amateur Radio VHF/UHF operation. 

BASH EDUCATIONAL SERVICES IS OUT OF BUSINESS. Writing to subscribers to his FCC Rules 
Part 97 update service, Dick Bash, KL7IHP, stated that his FCC exam study materials business 
had subsidized the rules updating service but, under the volunteer exam program, there was 
no longer a unique niche in training for him to fill. Bash was very controversial for his 
publishing of word-for-word correct answers to all FCC-administered Amateur exams. 

A SUGGESTION THAT ARRL ASSUME CALLSIGN ASSIGNMENT RESPONSIBILITY is receiving some inter-
est in Washington, as the FCC looks at tighter budgets. It's likely, however, that callsign 
responsibility would be delegated only as part of a total program that would include the 
entire licensing function now done by FCC's Gettysburg facility. 

THE ANTENNAS VS LOCAL RESTRICTIONS ISSUE seems to be heading toward an FCC Notice of 
Proposed Rule Making, which will probably consider it from the private satellite dish view-
point. Just what this means for PRB-1 and Amateur Radio remains to be seen. 

NEW WARC BAND AVAILABILITY HAS BEEN DELAYED by at least three months. An extension of 
the Reply Comment period, requested by the Personal Radio Steering Group, bumped expected 
action on the 10, 24, and 902 MHz bands off the FCC's first quarter agenda. The PRSG is 
believed to be pushing for allocation of part of 902-928 MHz to a Personal Radio Service. 

A NATIONAL VEC NET IS OPERATING on 20 meters Sundays, starting at 1700Z. The 40-meter mid-
western VEC net has moved to 1800Z, still on 7280 kHz. DeVry is now officially a national VEC. 
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stacking Yagis 
is a science 

Determining 
E/H plane patterns 

results in 
optimized performance 

Several years ago I began a project designed to 
develop a means of determining gain of a particular 
144 MHz Yagi. Knowing that number, I would be able 
to calculate the aperture. Once the aperture was 
known, I would know the correct stacking distance 
and would then be able to build the perfect 144-MHz 
array. 

As one might expect, things didn't quite work out 
as planned. But eleven years and seven EME arrays 
later, I believe I have found an improved method of 
determining the optimum stacking distances for multi-
ple Yagi VHF and UHF arrays. 

what is optimum stacking? 
"Best array performance" is a matter of opinion, and 

depends on how the antenna is used; an array can be 
optimally stacked, for example, to deliver maximum 
gain, or for a controlled azimuthal pattern that pro-
duces a deep null in the direction of interference. This 

table 1. Typical temperatures of "objects" at 144 MHz 
and 432 MHz. 

144 MHz 432 MHz 
object degrees K degrees K 

cold sky 175 10 
hot sky 3,200 190 
earth 290 290 
arcing power line 100,000 6,000 

article primarily addresses Yagi stacking for use in EME 
(Earth Moon Earth or moonbounce) communications. 
However, this technique is also appropriate for other 
space communications applications such as satellite 
communications and radio astronomy. It could also 
be used for land-based communication requiring high 
gain such as tropospheric scatter. 

For EME and other weak-signal VHF/UHF work, 
optimum stacking distance can be defined as that 
distance which yields the greatest array gain versus 
lowest array temperature. Used by professional space 
communications engineers, this definition refers to 
maximizing the G/T ratio. With Yagis, the best G/T 
usually never occurs at the distance which yields maxi-
mum stacking gain. It normally occurs at significantly 
closer spacing. In simpler terms, optimum stacking dis-
tance is that stacking distance which yields the 
greatest array gain increase while simultaneously keep-
ing all sidelobes at an acceptable level. 

the effect of antenna temperature 
Several good sources of information are available 

for those unfamiliar with the concept of antenna tem-
perature.12 To review, antenna temperature is the 
temperature of the object at which the main lobe of 
the antenna is pointed — i.e. the Earth, Moon, 
Sun, hot sky, or cold sky. However, if the array has 
sidelobes of significant area and amplitude, unwanted 
noise can be picked up from noise sources in the direc-
tion in which the sidelobes are pointed. This unwanted 
noise reception will increase the net antenna temper-
ature. (Table 1 lists typical temperatures of several 
"objects" at 144 MHz and 432 MHz.) A 432-MHz array 
with large sidelobes pointed at the Earth will suffer a 
significant receive signal-to-noise loss because of the 
reception of Earth noise; likewise, a 144-MHz array 
with sidelobes directed toward a hot sky or a leaky 
power line will experience a similar degradation in 
receive performance. 

By Steve Powlishen, K1FO, 816 Summer Hill 
Road, Madison, Connecticut 06443 
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fig. 1. Antenna aperture and shadowing effect. 

As a point of reference, commercial satellite Earth 
station antennas that use parabolic dish antennas with 
Cassegrain or Gregorian subreflector systems have an-
tenna temperatures as low as 18 degrees K. In com-
parison, an Amateur dish using a simple dipole or horn 
feed at 432 or 1296 MHz has a typical antenna tem-
perature of 65 degrees K, while a 16-Yagi 432-MHz 
array with the Yagis spaced for maximum gain may 
have an array temperature over 170 degrees K (or even 
worse if low-loss phasing lines are not used). Con-
versely, stacked 432-MHz EME Yagi arrays incorpora-
ting optimized stacking distances have been built to 
provide array temperatures lower than 85 degrees K 
— including phasing line losses. These antenna tem-
peratures were measured by pointing the antenna at 
the Earth and then at the cold sky and comparing the 
noise ratios. The noise contribution due to the receiver 
can then be factored out if the receiver system noise 
temperature is accurately known. The significance of 
the lower array temperature cannot be overstated. If 
we assume a high performance receiver with a 0.45 

dB system noise figure, lowering a 432 MHz array 
temperature from 170 degrees K to 85 degrees K re-
sults in a receive signal-to-noise improvement of about 
2.3 dB or almost the equivalent of doubling the array 
size! These results have been obtained using standard 
Yagi designs such as the N B S Yagis and the K2RIW 
19-element Yagi. I expect further improvements can 
be obtained when Yagis designed with best G/T in 
mind are available to Amateurs. 

methods of determining 
optimum stacking distances 

There are three methods of determining optimum 
stacking distances. The first method to be examined 
briefly, is based on classic antenna theory. The 
second, which will be emphasized, is experimental. 
Computer analysis, currently used by the professional 
community is the third, and will not be discussed here. 
With programs for Yagi analysis now readily available 
to the Amateur, it is hoped that the more mathemati-
cally inclined and computer-knowledgeable Amateurs 
will carry on where this article leaves off and extend 
computer modeling to include optimum stacking. 

The concept of antenna directivity, (fig. 1), put forth 
by Kraus3 and introduced to Amateurs by Orr and 
Johnson," holds that all antennas have an effective 
capture area, or area around the antenna that 
"captures" or extracts the electromagnetic energy 
from space. The higher the gain of the antenna, the 

Four 12-element LPYs stacked on a telescoping H-frame. 
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larger the area from which energy will be extracted. 
Behind the antenna there will be a shadow area, or 
space where the field strength of the incident wave 
is reduced in magnitude. (This concept is analogous 
to putting an object in front of a light source and 
creating a shadow behind it.) In mathematical terms 
the capture area is directly proportional to gain and 
is defined in eq. 1. 

Aem = 0.13-10dBd/io (1) 

Where Aem is the effective capture area in wave-
lengths squared and dBd is the gain of the antenna 
in decibels over a half wave dipole. For antennas such 
as Yagis, which have an elliptically shaped aperture, 
the size of the effective aperture will be slightly dif-
ferent between the E and H planes. The aperture 
dimensions in wavelengths squared can be calculated 
by using eqs. 2 and 3. 

Ah - 2 A.£W-IE_ ,2) 
V 

AE = 2 / A«»fl< (3) 

Where Ae is the E-plane aperture dimension, / l w is 
the H-plane aperture dimension, % i f the E-plane half 
power beamwidth, and d H is the H-plane half power 
beamwidth. 

There are two problems with using these formulas 
to calculate stacking distances. First, an antenna's 
aperture is not an ellipse with a clearly defined 
boundary, with radio waves being extracted on one 
side of the boundary and nothing happening on the 
other side. Instead, an antenna progressively extracts 
less and less energy from space continuously. In addi-
tion, the half power beamwidths of an antenna are 
merely a point on the field strength gradient of the 
antenna. Therefore, proper stacking distance becomes 
a question of determining where two unclearly defined 
volumes separate. It is not a solid boundary like a brick 
wall. 

The second problem, largely self-inflicted by Ama-
teurs eager to believe they could defy the laws of 
physics and discover something that antenna engi-
neers could not, is that of believing inflated gain figures 
produced by both Amateurs and some manufacturers 
of Amateur antennas. (In defense of Amateur equip-
ment manufacturers, their claims are restrained in 
comparison to their CB and home TV counterparts). 
Using these optimistic gain claims, which in some 
cases are typically 3-dB high, leads to arrays which 
have grossly oversized stacking dimensions. The gain 
figures shown in the recommended stacking distance 

180 

fig. 2. Four stacked 12-element Swan 2-wavelength LPY 
array E-plane pattern with 10-foot (1.5 wavelength) E and 
H-plane spacing. 

o 

180 

fig. 3. Four stacked 12-element Swan 2-wavelength LPY 
array E-plane pattern with 12 foot 0 inch (1.76 wavelength) 
E-plane and 11 foot 4 inch (1.66 wavelength) H-plane 
spacing. 

table (table 2) represent hundreds of hours of anten-
na measurements I have performed, the compilation 
of data from ten years of antenna gain contests, and 
finally, computer analysis of almost all the antennas 
listed in the table. The result is a listing of gain figures 
closer to reality, I believe, than anything previously 
available. (For further discussion of how much gain 
can be expected from a given boomlength Yagi, 
reading DL6WU's article is suggested.)5 
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measuring antenna gain 
As part of my experiments to measure antenna gain 

and determine proper stacking distances, a telescoping 
H frame was constructed on my 60-foot (18.3 meters) 
tower to measure the. 144-MHz antenna. This arrange-
ment allowed for rapid placement of Yagis along with 
a simple method of adjusting the spacing to any 
separation of up to 16 feet (4.9 meters). A smaller 
frame (6 feet/1.9 meters) was used to measure the 
432-MHz Yagis. 

The next step was to figure out a relatively accurate 
means of making pattern measurements. Over the 
years I tried a variety of measurement techniques, 
including use of strip chart recorders, spectrum ana-
lyzers, and RF voltmeters. Out of all this came a 
relatively simple and reasonably accurate method 
that is within the reach of most serious VHF/UHF 
experimenters. 

The basic requirements for pattern measurement 
are: 

• an accurate direction indicator; 

• a receiver with a calibrated signal strength indicator; 
and 

• a signal source located so as to minimize reflection 
problems. 

Satisfying each requirement was surprisingly sim-
ple. The direction indicator I used was a selsyn 
readout* with close to 1 degree accuracy. Alternative-
ly, the digital readout system using 10 turn pots and 
popularized by many EMErs6 could be used. The avail-
ability of signal generators such as the Hewlett-
Packard 608 series (or their military counterparts, the 
TS-510 series)* solves the receiver calibration problem. 
My method of measurement consisted of connecting 
a digital voltmeter (DVM) to the AGC (automatic gain 
control line) of the station receiver (an R-4C and TR-7). 
Care must be taken to keep signal strengths high 
enough above the noise (floor) to eliminate signal-to-
noise plus noise ratio correction problems. The signal 
level must not be so high that it causes gain compres-
sion problems. The quick way to get a pattern was 
to run the antenna through 360 degrees while re-
cording the AGC voltage readings on the DVM. The 
antenna was then replaced with the signal generator 
and the AGC readings were converted to a dB scale. 
(A 10 dB attenuator was placed between the converter 
and antenna or signal generator to eliminate im-
pedance problems.) This "calibration" of the receiver 

•Available from Fair Radio Sales, P.O. Box 1105, Lima, Ohio 45802 

was done after every measurement to eliminate 
receiver gain drift errors. 

The signal source presented the trickiest problem, 
but again a simple solution was found. A number of 
signal sources were tried including locating signal 
sources in my back yard, in the woods about 1000 feet 
(305 meters) away, and at a local ham's QTH about 
2 miles (1.3 km) away. All of these solutions gave 
marginally repeatable results. That is, an antenna 
would look different from day to day and from source 
to source. Because I believed the problem to be reflec-
tions from various objects, I decided to try a signal 
source located above the clutter. My location at that 
time was 105 feet (32 meters) above sea level. The 
antennas were located at 65 feet (20 meters), well 
above the nearby trees. My location was surrounded 
by hills up to 1200 feet (366 meters! high, 10 to 12 miles 
(16 to 19.2 km) away. The ground between my loca-
tion and the hills dropped in elevation, which made 
the tops of the hills a completely clear shot at about 
a 0.5 degree elevation angle. A fellow ham located on 
one of the hills was called upon; by using high gain 
source antennas (stacked 3.2 wavelength NBS Yagis 
on 144 MHz and RIW19s on 432 MHz), repeatable 
pattern measurements became a reality. After per-
forming many measurements I was able to "calibrate" 
my range such that I could see how different anten-
nas gave the same false lobes or left to right un-
balance. The patterns shown in this article have been 
cleaned up to eliminate known range errors. Various 
NBS antennas were constructed and their patterns 
measured. My measured patterns correlated very well 
with the NBS published patterns and offered proof of 
the method's validity. 

It was also found that accurate relative gain meas-
urements were possible. Gain measurement calibra-
tion was made by putting two identical antennas on 
the frame and measuring the relative signal level be-
tween them. The antennas were then switched in posi-
tion and the measurement repeated. In this manner 
any differences in signal strength could be factored 
out before a test antenna was measured. Results were 
found to be repeatable to within 0.2 dB over the two-
year period the gain tests were made. A similar method 
was used to measure the gain increases to be had from 
stacking antennas. 

the effects of antenna spacing 
To get an indication of what happens when the 

spacing of Yagi arrays is changed, an array of four 
12-element LPY (log periodic Yagis, as introduced by 
Oliver Swan and later produced by KLM) was set up 
on the telescoping H-frame. Pattern measurements 
were made at one foot (0.3 meter) spacing increments 
from 10 feet (3.0 meters) up to 16 feet (4.9 meters) 
(1.4 to 2.3 wavelengths). The resultant patterns are 
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typical of all two-wide Yagi arrays. A s the spacing be-
tween Yagis is increased, the main lobe beamwidth 
narrows, the sidelobes increase in amplitude and the 
nulls get much deeper. The E-plane pattern at 10 feet 

fig. 4. Four stacked 12-element Swan 2 wavelength. 
144-MHz LPY array E-plane pattern with 14 foot 4 inch 
(2.1 wavelength) E and H-plane spacing. 
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fig. 5. Array gain versus spacing using Swan 12-element, 
2 wavelength 144-MHz LPYs. 

(3.0 meters), 12 feet (3.7 meters) and 14 feet 4 inches 
(4.4 meters) spacings is illustrated in f igs. 2, 3, and 
4. Looking at the sample patterns, it can be seen that 
the beamwidth of the first sidelobes is close to that 
of the main lobe for each spacing and that its ampli-
tude increases rapidly at larger separations. Other 
minor lobes start to have significant amplitudes at the 
greater separations. 

The question of which distance is the proper one 
still remained to be answered. Gain and individual pat-
tern measurements on the 12-element LPY indicated 
an actual gain of about 11.2 dB over a half-wave dipole 
(dBd). By using eq. 1,2, and 3 (single antenna pattern 
of 36 degrees E-plane by 40 degrees H-plane), stack-
ing distances of 10 feet 8 inches E-plane (3.3 meters) 
9 feet 7 inches I2.9 meters) H-plane were calculated. 
The 10 foot 8 inch (3.3 meter) E-plane spacing gave 
a pattern similar to fig. 2, but with first sidelobes down 
14 dB. Next relative gain measurements were at-
tempted between one and two antennas. Resultant 
gain curves showing stacking gain versus spacing are 
shown in fig. 5. The general shape of the curves are 
similar to those given in the now-famous N B S 
Technical Note 688,7 (fig. 6} except I did not see any 
gain decrease as the spacing was increased to large 
distances, only a flattening of the gain curve. I also 
saw an apparent larger gain increase in the E rather 
than the H-plane. This is again indicated in N B S Note 
688. A s illustrated in fig. 5, the knee in the gain in-
crease occurs at about 2.7 to 2.8 dB in the E-plane 
and at 2.5 to 2.6 dB in the H-plane. (When phasing 
line losses are factored out.) 

Next, I attempted to relate first sidelobe levels to 
position on the gain increase curve and found that the 
gain increase started to flatten out when the first side-
lobes were - 1 2 to - 1 3 dB down. It should be pointed 
out that at the time these measurements were made, 

Four 17-element. 3.2 wavelength N B S Yagis stacked on an 
H-frame. 
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very wide spacing was very popular and many Ama-
teurs, including myself, thought the NBS report with 
its relatively close spacings was in error. The correla-
tion between my measurements to the NBS curves 
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fig. 6. Array gain versus spacing per NBS Technical Note 
No. 688. (A) Vertical stacking improvement for either a 
7 or 15-element Yagi, (B) horizontal stacking improve-
ment for either a 7 or 15-element Yagi, and (C) horizon-
tal stacking improvement for two sets of stacked Yagis 
spaced vertically 1.6 wavelength apart. 

was truly amazing, especially considering that I was 
intent on proving NBS wrong. 

The additional rule of thumb used by Amateurs was 
to stack Yagis so that the first sidelobes were 13 dB 
down. This seemed to correspond to where the gain 
increase curves flattened out; however, when the side-
lobes were - 1 3 dB, the main lobe was less than one 
half that of a single antenna. When I attempted to find 
out where the - 1 3 dB rule of thumb came from, the 
only explanation I could find was that two sidelobes 
at - 1 3 dB were, in total, - 1 0 dB from the main lobe 
and anything 10 dB down (or 1/10 amplitude) was in-
significant. This seemed plausible except that the bi-
plane should have a pattern similar to the E-plane — 
and if it also had two sidelobes 13 dB down (with 
similar beamwidth to the main lobe), the sum of just 
those four lobes would be - 7 dB relative to the main 
lobe or 20 percent of the amplitude of the main lobe. 
Thus if all four sidelobes were looking at noise sources 
10 times stronger (in reality, it is not very likely all the 
sidelobes would be facing similar noise sources) than 
the background noise the main lobe was looking at, 
the array would suffer a 6 dB signal-to-noise loss on 
receive. 

improving a 144-MHz EME array 
With this information in mind, I began to look at the 

144-MHz EME array I was using at that time. It con-
sisted of 4 Cushcraft A32-19, 19-element 3.2-wave-
length 22 foot (6.7 meter) long Yagis patterned after 
the NBS 17-element Yagi, with a tri-reflector added. 
The gain of a single A32-19 is about 13.2 dBd with 
- 3 dB beamwidths in the E and H-plane of approxi-
mately 28 by 33 degrees. By using the previously 
defined aperture calculation method, spacings of 2.1 
by 1.75 wavelength or 14 feet (4.3 meters) E-plane by 
12 feet (3.7 meters) H-plane were calculated. The man-
ufacturer of the antenna was recommending the same 
spacings, so it seemed reasonable to use them when 
constructing the array. 

The performance of the array seemed acceptable. 
I usually received good signal reports, but on receive, 
signals always were poorer than expected. I easily dis-
missed the lack of hearing on a noisy urban environ-
ment. Looking at the NBS stacking curves, NBS was 
recommending 2.0 by 1.6 wavelength spacing for the 
15-element 4.2 wavelength Yagi, an antenna with 
about 0.8 dB more gain than the A32-19.1 then made 
some sidelobe measurements and found that the first 
E-plane sidelobes were down about 12 dB and the 
H-plane sidelobes were down only 10 dB. A quick deci-
sion was made to move the antenna spacing in to 1.9 
by 1.6 wavelenghts or 13 by 11 feet (4.0 by 3.4 meters) 
E by H-plane, respectively. The results were startling. 
During the first two months of operation at the closer 
spacing, about 20 new stations were worked on EME, 
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fig. 7. Four stacked NBS 17-element, 3.2 wavelength Yagi 
E-plane pattern w i th 13 foot 0 inch (1.9 wavelength) E-
plane and 11 foot 0 inch (1.61 wavelength) H-plane 
spacing. 

f ig. 8. NBS 17-element, 3.2 wavelength Yagi computer 
generated E and H-plane patterns. 

many of them stations I had tried to work in the past 
without success. 

After that I obtained four more A32-19 Yagis. I 
modified them to standard NBS dimensions and 
removed the tri-reflectors. I then set them up on the 
telescoping H-frame and set out to find what was 
going on. The E-plane pattern of the 17-element 3.2X 
NBS array spaced at 13 feet (4.0 meters) E-plane is 
shown in fig. 7. The pattern looks very good, with first 
sideJobes down 14 to 15 dB and all other lobes down 
25 to 30 dB. H-plane patterns are usually more difficult 
to measure. Reflections from objects such as trees and 
utility poles, which are essentially vertically polarized, 
complicate the problem. Tilting the array back causes 
changes in ground reflections, which can induce errors 
if that method is used. Because of that I did not make 
a complete H-plane pattern measurement, but I did 
check the first H-plane sidelobes and found them to 
be only 12 dB down at the 11 foot (3.4 meter) spacing. 
The aperture calculations indicated that the spacing 
was already too close — however, NBS had indicated 
that 1.6-wavelength or 11-foot (3.4 meter) spacing was 
correct for the higher gain 15-element Yagi. To explain 
this wide discrepancy between calculated spacings 
and measured patterns, the patterns of the individual 
Yagis were examined. Figure 8 is a computer-
generated plot of the E and H-plane patterns of the 
3.2 wavelength NBS Yagi. The H-plane pattern is 
noticeably less directive than the E-plane with larger 
sidelobes over the entire pattern. The array pattern of 
a number of Yagis is the resulting interference pattern 
of the individual Yagi patterns interacting with each 

o 

fig. 9. Six stacked IMBS 17-element, 3.2 wavelength Yagi 
half H-plane pattern w i th 13 foot 0 inch (1.90 wavelength) 
(2 wide) E-plane and 11 foot 0 inch (1.61 wavelength) , 
(3 widel H-plane spacing. 

other. It follows that the resulting array pattern of 
multiple Yagis will have larger sidelobes in the H-plane. 

While measuring the four 3.2-wavelength NBS Yagi 
array, it was decided to attempt to relate array main 
lobe beamwidth to sidelobe level and array gain in-
crease. The 3.2 wavelength NBS Yagis reacted similar-
ly to the 12-element LPY antennas previously meas-
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fig. 10. Sixteen stacked Cushcraft 424B Yagi E-plane 
pattern with 60 inch (2.2 wavelength) E-plane and 56 inch 
(2.1 wavelength) H-plane spacing. 

o 

fig. 11. Sixteen stacked Cushcraft 424B Yagi H-plane 
pattern with 60 inch (2.2 wavelength) E-plane and 58 inch 
(2.1 wavelength) H-plane spacing. 

ured. When the first sidelobes were - 1 3 dB, the main 
lobe was narrower than one half that of a single Yagi. 
Likewise, the main lobe was approximately one half 
the beamwidth of a single Yagi when the first sidelobes 
were - 1 4 to - 1 5 dB. This relationship of first side-
lobes at -14 to - 15 dB when the main lobe beam-
width is half that of a single Yagi has held up in all 
subsequent arrays / have measured. This also includes 
arrays that are three and four Yagis wide where the 
array - 3 dB beamwidth is approximately equal to the 

beamwidth of a single Yagi divided by the number of 
Yagis in that plane. As an example, my 144-MHz ar-
ray was expanded to six 3.2 wavelength Yagis. The 
vertical spacing was kept at 11 feet (3.4 meters). The 
array's H-plane pattern is shown in fig. 9. The number 
of major sidelobes in an array is equal to the number 
of elements in a plane minus 1. Thus the six-Yagi array 
will have two major H-plane sidelobes. In this case, 
the first sidelobe is - 13 dB down and the second is 
-12 dB down. As expected, the main lobe is narrower 

than one third that of a single Yagi at 10 degrees. Note 
that as the number of elements in an array are in-
creased (and consequently the number of major side-
lobes increase) it becomes much more important to 
keep the sidelobe amplitudes under control. A look at 
a 16 Yagi 432-MHz EME array will expand on this 
point. 

more dramatic results at 432 MHz 
Frank Potts, WA1RWU, had erected a 432 MHz 

EME array consisting of 16 Cushcraft 424B 24-element 
7.6 wavelength Yagis. The instruction sheet for the 
424B recommended 66-inch E-plane by 60-inch H-
plane spacing. This was considerably closer than the 
spacings determined from calculating the aperture. 
Based on actual antenna gain of 15.8 dBd and a pat-
tern of 20 degrees by 22 degrees (E by H), the spac-
ings were calculated to be 72 inches (1.8 meters) by 
65 inches (1.7 meters) E-plane by H-plane. When Dave 
Olean, K1WHS, of Cushcraft was contacted, he 
recommended the use of even closer spacings for an 
EME array — as close as 60 inches (1.5 meters) by 54 
inches (1.4 meters). Because of mechanical con-
siderations, the array was assembled using 60-inch 
(1.7 meter) horizontal (E-plane) by 58-inch (1.5 meter) 
vertical (H-plane) spacing. Phasing lines consisted of 
1/2-inch and 7/8-inch hardline and were cut on a 
return loss bridge known to be accurate. The per-
formance of the array had a familiar ring to it; Frank 
would receive excellent signal reports, but on receive, 
signals were far poorer than expected. Checking into 
the 432-MHz EME activity, Frank found that there had 
been a considerable number of other hams who had 
erected 16-Yagi EME arrays for 432 MHz that never 
worked well, and as a result, their stations had disap-
peared from the EME ranks. 

At this point I began helping Frank to improve the 
array. The first priority, I decided, was to obtain a pat-
tern measurement. The height of the array, 20 feet 
(6.1 meters) above ground, made the likelihood of 
taking accurate measurements remote. However, with 
the amount of array gain available (close to 26 dBd) 
I decided it should be possible to make adequate 
measurements by using Sun noise.83 The E-plane 
pattern looked excellent, with the three major side-
lobes down over 15, 25, and 17 dB, respectively 
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fig. 12. Sixteen stacked Cushcraft 424B Yagi H-plane 
pattern with 60 inch (2.2 wavelength) E-plane and 52 inch 
(1.9 wavelength) H-plane spacing. 

Six stacked NBS 17-element, 3.2 wavelength Yagi 144-MHz 
EME array. 

(fig. 10). The main lobe beamwidth was close to 6 
degrees or greater than one quarter that of a single 
antenna. The H-plane was a shock with the - 3 dB 
beamwidth of 4 degrees or much narrower than the 
expected 5.5 degrees. The major sidelobes were very 
large, at only 9.5,11.5, and 14 dB below the main lobe 
(fig. 11). No EME signals had ever been copied when 
the array elevation was below 18 degrees. The fact 
that this angle was the same as the second sidelobe 
direction was no coincidence. 

Some tests with a pair of K2RIW 19-element Yagis 
were run to measure changes in H-plane sidelobe 
levels. It was found that the first sidelobes changed 
at about 1 dB for every 2 inches of spacing change. 
Since the gain of the RIW19 (15.1 dBd) is close to the 
424B it was felt that the results would be similar with 
the 424B. The vertical spacing was moved in by 6 
inches (15 cm) to 52 inches (1.3 meters). The first side-
lobes were expected to drop down to - 12.5 dB. The 
results of that spacing change were amazing. The 
major sidelobes were now -12.3, -20.7, and - 14.4 
dB (fig. 12). Sun noise was up over 2 dB.* The on-
the-air performance improvement was even more 
spectacular, with 41 QSOs made with 34 different 
stations during the first ten days of operation at the 
new spacing. Fewer than 20 QSOs were made in over 

SPACING !'f • Al t \ AMtAr CLCMCHrS 

INCREASE -

fig. 13. Array gain and array temperature versus spacing. 

two months of operation at the wider spacing. Most 
of the contacts were on random operation (as opposed 
to pre-arranged schedules) and included several 8 Yagi 
and one 4 Yagi stations. EME signals, including 
echoes, were now consistently copied down to 2 
degrees elevation (the elevation angle where the main 
lobe would be clearing the earth). The main lobe 
beamwidth was still narrower than one quarter that 
of a single 424B at 5 degrees. This again supports 
previous measurements which indicated that a 1/4 
beamwidth (5.5 degrees) would not occur until the first 
sidelobes are down 14 to 15 dB. The pattern indicates 
that the array has not yet been optimized. It is esti-
mated that the best performance would occur at 62 

*Sun noise is measured by point ing the array at cold sky, not ing the noiso 
tovol, and then pointing the array at the sun and measuring the noise increase. 
Sun noise is a combination measurement of ovwrall receiver temperature and 
array gain. 
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inches (1.6 meters) E-plane by 50 inches (1.27 meters) 
H-plane spacing. 

The reason for this dramatic improvement can be 
explained by looking at the approximate Earth noise 
pickup from the major sidelobes when the array was 
operated at low elevation angles. The main lobe at 432 

f ig. 14. RIW 19-element Yagi computer generated E and 
H-plane patterns. 

f ig. 15. Cushcraft 424B Yagi computer generated E and 
H-plane patterns. 

MHz may typically see a sky temperature less than 20 
degrees K. The sum of the first three sidelobes at 
- 9.5, - 11.5, and - 1 4 dB would be equivalent to a 

single lobe 6.5 dB below the main lobe. Pointed at 
Earth (290 degrees K), those lobes would contribute 
about 65 degrees K of noise or cause a 5.1 dB degrada-
tion in signal-to-noise ratio. With the reduced sidelobes 
at the closer spacing, the sum of the three major side-
lobes is about - 9 . 8 dB and would cause about a 1.8 
dB signal-to-noise degradation. This represents a 3.3 
dB receive improvement, which is quite significant on 
EME. The actual array noise is much more compli-
cated; to calculate it would require summing all the 
sidelobes and accounting for the strength of the noise 
sources toward which they pointed. The over-2 dB 
Sun noise improvement nonetheless confirms the per-
formance improvement. 

An alternative method for checking system tempera-
ture without taking array gain into account is to 
measure Earth noise. This is done by pointing the array 
at cold sky and then at the Earth and then comparing 
the noise levels. A well-performing 432-MHz EME sys-
tem should see over a 4 dB ratio. Since this measure-
ment does not take array gain into account it should 
not be used for array optimization because doing so 
could result in significant gain loss. Figure 13 is a 
graph of typical array temperature versus stacking gain 
increase. The temperatures are not "real world" 
because they are quite different for the various 
Amateur frequencies. 

easier method for 
measuring array beamwidths 

Measuring the - 3 dB beamwidths on high gain 
arrays with very sharp beamwidths can be a difficult 
task. WAIRWU's 16-Yagi 432-MHz array uses a prop-
pitch motor for an azimuth rotator and has a 360-
degree rotation time of over 3 minutes. The elevation 
leadscrew drive takes over 2 minutes to run 90 
degrees. Even with such a rotating system, attempting 
to measure a 5 degree beamwidth can be a taxing ex-
perience. With a conventional commercial rotator it 
appears to be impossible to get an accurate measure-
ment. It was discovered very early on that the half-
power beamwidth was always equal to slightly less 
than 112 the spacing of the first nulls on either side 
of the main lobe. Interestingly, DL6WU has said that 
the beamwidth of a single Yagi is equal to 0.485 times 
the first null spacing. The measurement of the first 
nulls provides a much easier and most likely more ac-
curate means of determining antenna half-power 
beamwidths. 

The H-plane pattern measurements on the RIW19 
Yagi provided yet another surprise. A pair of RIW19s 
had first H-plane sidelobes down 13 dB at a spacing 
of 54 inches (1.37 meters). The 424Bs had first H-pfane 
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Sixteen stacked Cushcraft 424B Yagis in a 432-MHz EME array. 

sidelobes down 12.3 dB at a spacing of 52 inches (1.32 
meters]. Considering that the 424B has an appreciably 
narrower H-plane beamwidth (22 inches versus 26 
inches) and that it has more gain (15.8 dBd versus 15.1 
dBd), just the opposite might be expected. The ex-
planation again lies in the patterns of the individual 
antennas. Figures 14 and 15 are computer-generated 
patterns for the RIW19 and the 424B. The RIW19 has, 
in general, sidelobes significantly lower than the 424B 
which would explain the different spacings for best 
array sidelobe levels. This effect has been noted in 
other Yagis also, and unfortunately makes most of the 
methods of calculating stacking distances (such as the 
aperture equations, or any of the various beamwidth 
formulas) of little use when array temperature is of 
concern. I spent a considerable amount of time try-
ing to come up with a clever little formula for calcu-
lating stacking distances, but every one I tried had 
more Yagis disobey its numbers than ones that would. 

This causes the optimum stacking distances to be 
different for different Yagis even if they have the same 
gain. Likewise a Yagi with a very clean pattern may 
have an optimum stacking distance greater than 
another with more gain but a poorer pattern. Keep in 
mind that "optimum" has, in this case, been defined 
as the highest G/T ratio. 

mounting different frequency antennas 
on the same tower 

The effect of having antennas for different bands 
located in close proximity has not received much 
attention. The interaction between antennas can be 
understood by looking again at fig. 1. If another anten-
na is located in the shadow of the first, it will not be 
able to extract as much energy as the first simply 
because the field strength is reduced behind the first 
antenna. To quantify the effect of having different 
antennas located nearby can be complicated. To 
evaluate the effect of a 144-MHz antenna on a near-
by 432-MHz antenna, the aperture of the 144-MHz 
antenna at 432 MHz would have to be calculated in 
order to see how much of the capture areas over-
lapped. Next it would have to be determined who had 
"first dibs" on the signal or which antenna was in the 
other's shadow. 

The only conclusive measurement I have been able 
to make has been to measure the Sun noise of a given 
array by itself and then add the other antennas and 
again measure Sun noise. I have found a consistent 
degradation in Sun noise by having arrays interlaced. 
Surprisingly, in most cases it is the lower frequency 
array that suffers. A side effect also appears to be the 
occurrence of stray sidelobes. The explanation of that 
phenomenon is that the unused antenna is re-radiating 
signals it had captured. Although not conclusive, ter-
minating the unused antennas in a 50-ohm load 
appears to minimize the effect. 

To be on the safe side, antennas should be located 
such that their apertures do not overlap. This can 
sometimes lead to very large spacings. As a practical 
matter the casual VHF/UHF operator may never see 
the performance degradation. The EME operator or 
enthusiastic weak signal worker who is looking for the 
last bit of performance is advised to either not mix 
arrays or to maintain sufficient spacing between them. 

alternate stacking arrangements 
This article has addressed only arrays with the Yagis 

arranged in uniform rows and columns. It may be 
possible to obtain additional stacking gain while con-
trolling sidelobes by using other arrangements such 
as circle or diamond configurations. This would be due 
to the lower amount of aperture overlap required for 
sidelobe level control. I have not examined these alter-
native arrangements because of the difficulty in 
adapting them to an array with elevation control. 

conclusions 
Since most readers are likely to be more interested 

in a guide to how far apart to stack various antennas 
than in duplicating my work, table 2 is provided. It 
covers a number of popular 144 MHz and 432 MHz 
antennas and their recommended stacking distances. 
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table 2. Measured performance of 144 and 432 MHz antennas. 

144 MHz ANTENNAS 
ANTENNA GAIN PATTERN BOOMLENGTH SIDELOBES STACKING 
TYPE dBd E X H f e e t E x H -dB f e e t E x H 

6 e l NBS 10 .2 a 40 X 42 1 2 8 2 17 9 9.6 X 7 5 
9 e l F9FT 10 .6 38 X 46 1 6 10 8 18 14 9.9 X 7 0 

11 el Swan/KLM 10 .8 40 X 44 1. 8 12. 3 13 10 9.6 X 7 5 
11 e 1 Cushcraft 10 .8 b 40 X 46 1. 7 11 8 19 13 10.0 X 7 5 
12 el Swan/KLM 11 . 2 36 X 40 2. 0 14. 1 14 10 10.6 X 8 6 
14 el Swan/KLM 11 .8 34 X 37 2. 5 17. 4 15 . 10 1 1 . 0 X 9 5 
20 el CC Co 1 i n 11 .9 45 X 26 - - - - - - 9.8 X 13 2 
14 e 1 Hy-Ga in 11 .9 35 X 35 2. 3 15. 5 - - - - 1 1 . 0 X 9 9 
12 el NBS 12 .0 a 34 X 36 2 2 15. 0 15 11 11.2 X 9 6 
14 e I Cushc ra f t 12 .1 34 X 36 2. 2 15. 0 15 12 11.2 X 9 6 
16 el KLM 12 .2 29 X 31 3 0 20. 7 12 9 11.4 X 9 6 
11 el KLM 11X 12 .2 u 34 X 38 2. 3 15. 3 19 14 11.5 X 9 9 
16 e 1 F9FT 12 .5 32 X 34 3. 0 20. 8 17 13 12.2 X 10 2 
11 el LUNAR 12 .6 c , g 32 X 35 2. 6 17. 4 16 12 12.4 X 10 2 
13 e i KLM LBA 13 . 0 31 X 32 3. 1 21. 5 14 10 12.7 X 10 6 
15 el Cue Dee 13 . 1 30 X 32 3. 1 21 3 - - - - 12.8 X 10 7 
17 e 1 NBS 13 . 1 28 X 33 3. 2 22. 0 13 10 13. 0 X 10 4 
19 el Cushc ra f t 13 .2 28 X 33 3 . 2 22 0 14 11 13. 0 X 10 5 
13 el W2NLY 13 .4 d 27 X 29 3 . 5 23. 5 12 9 13.3 X 11 2 
15 e 1 Te 1 rex 13 .5 26 X 28 4. 1 27. 8 12 9 13.3 X 11 3 
14 el K1FO 13 .7 g 29 X 31 3 . 6 24. 3 15 13 13.7 X 11 2 
15 el NBS 13 .9 a 26 X 29 4. 2 28. 7 14 11 13.7 X 11 4 
16 el KLM LBX 14 .3 u 28 X 30 4. 1 28. 1 17 14 13.8 X 11. 6 
18 el Cushc ra f t 14 .5 27 X 28 4. 2 28 . 7 15 12 14. 0 X 11. 8 

432 MHz ANTENNAS 
TYPE dBd E X H fee t E x H -dB inches 

11 el T i 11 on 11 .8 f, g 34 X 36 2 6 6 0 17 13 46 X 40 
13 e 1 W6QKI 13 .3 27 X 29 3. 4 7. 8 12 9 53 X 44 
13 e 1 K2RIW 13 .5 27 X 29 3 4 7. 8 13 10 54 X 45 
15 el NBS 13 . 9 a 26 X 29 4. 2 9 6 14 11 55 X 46 
16 el KLM LB 14 .4 24 X 25 5 3 12 0 11 9 56 X 48 
19 el K2RIUI 15 . 1 24 X 26 5. 6 12. 8 16 14 60 X 54 
21 el F9FT 15 .2 h 24 X 26 6 . 6 15 0 14 12 58 X 52 
26 e 1 DL9KR 15 .5 u, i 24 X 25 6. 1 13. 8 17 15 62 X 58 
24 el Cushc r aft 15 .8 20 X 21 7. 5 17. 1 12 10 62 X 50 
22 el DL6UU 15 .8 u, 1 23 X 24 6 . 9 15. 6 15 14 64 X 58 
24 el K1FO 16 .6 k 22 X 23 7. 5 17. 2 16 15 66 X 60 
28 el W1JR/DL6WU 17 . 0 u 20 X 21 9 . 3 21 1 14 13 70 X 64 
30 el KLM LBX 17 . 3 u 19 X 20 9. 6 21. 9 15 13 72 X 66 

el U11JR/DL6UIU 17 .5 u 19 X 20 10. 4 23. 7 14 13 74 X 68 

a These NB5 yagis lave gain peaks 2 percent high i n f requency. 
b Ga i n peak is 11. 1 dBd at 146 MHz, 38 x 44 degree pa t t e rn. 
c Has incorrect balun length. With stock salun gain is 12.4 dBd 
d Figures are for 0 . 125 i nch taper version with 20 i n. reflector spac i ng 
f Is tuned to 440 1Hz. Retuned to 432 MHz gain would be 12.6 dBd 
g Design based on =reenb1um / T i11 on information . 
h Is des i gned for 435 MHz. Ga in peak i s 15 .5 dBd at 436 MHz . 
i Uses 8 element screen ref lector. 
k Is a modified 424B using a s ing le ref lector and 22 directors. 
1 Is designed for 435 MHz. Gain peak i s 16 . 0 dBd at 436 MHz . 
u Design based on DL6U1U informat ion. 

Although a few tenths of a dB additional gain may be spacing even if EME or satellite communications are 
obtainable at larger spacings, the added size, weight, not anticipated. 
and windload would most likely not justify the wider It should be emphasized that gain alone does not 
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tell the whole story. A Yagi with a cleaner pattern may 
be a better choice for an EME array than one with 
higher gain and a "messy" pattern. The highest gain 
Yagi in the world is of little use if it splits into 5 pieces 
the first time a storm passes by. 

Finally, the following summary should serve as a 
guideline in building multiple Yagi arrays: 

• Optimum stacking distance is a compromise be-
tween gain increase and sidelobe level (G/T). 
• Array - 3 dB beamwidth will be equal to single ele-
ment beamwidth divided by the number of elements 
in a plane when the first sidelobes are - 1 4 to 
- 1 5 dB. This usually represents optimum stacking or 
best G/T. 
• The H-plane's inherently less directive pattern re-
quires substantially closer spacing than the E-plane to 
achieve optimum sidelobe levels. 
• Negating phasing line losses, doubling the number 
of elements in an array at optimum spacing will give 
approximately 2.7 to 2.8 dB gain increase in the 
E-plane and 2.5 to 2.6 dB in the H-plane. 
• The greater the number of elements in an array, the 
more critical it is to have that array optimally spaced. 
• The higher the frequency of operation, the more 
critical it is to have an array with small sidelobes (i.e. 
optimally stacked). 
• The cleaner the pattern of an individual Yagi, the 
greater the optimum stacking distance will be — hence 
the greater the array gain. 
• Although spacings closer than the maximum gain 
distance can cause the loss of a few tenths of a dB 
in array gain, the closer spacing can result in several 
dB of signal-to-noise ratio improvement on receive. 
" If you are going to make a mistake, put your anten-
nas " too close together" rather than " too far apart." 
• Placing different band antennas in close proximity 
can degrade performance. 
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ham radio 

Two great 
ways to get 
Q5 copy 
G4HUW KB5DN WA4FNP WD5DMP 
KJ2E K61MV WD4BKY WD8QHD 
K4XG K8MKH WD4CCI WB9NOV 
KA4CFF KB0TM WD4CCZ WD9DYR 
KA5DXY W4YPL W5GAI 

444D SSB/FM 
Base-Station Microphone 
Shure's most widely used base-
station microphone is a ham 
favorite because it really helps 
you get through... with switch-
selectable dual impedance low 
and high for compatibility with 
any rig! VOX/NORMAL switch 
and continuous-on 
capability make 
the 444D easy 
to use even 
under tough 
conditions. If 
you're after 
more Q5's. you 
should check 
it out. 

526T Series II 
SUPER PUNCH* 
Microphone 
Truly a microphone 

and a half! Variable out-
put that lets you adjust the 
ievel to match the system. 
The perfect match for 
virtually any transceiver 
made, regardless of 
impedance. Turns 
mobile-NBFM unit into 
an indoor base station! 
Super for SSB 
operation, too. These 
and many other 
features make the 
526T Series II a 
must-try unit. 

SHURE 
THE SOUND OF THE PROFESSIONALS ...WORLDWIDE 

Shu re Bro lhers Inc.. 222 Har l rey Ave.. Evans lon , IL 60204 
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active antenna 
covers 0.5-30 MHz 

Double duty allows 
2-meter operation as well 

Active antennas have been available commercial-
ly for several years, but relatively little practical in-
formation about them has appeared in the Amateur 
journals.1-2 This article illustrates how to build a sim-
ple one covering from 500 kHz to at least 30 MHz using 
commonly available components. As an added bonus, 
the antenna works as an omnidirectional 2-meter 
antenna when not in use for HF reception. It will also 
meet the needs of SWL's for casual monitoring on the 
HF bands. 

First, some clarification is in order. True active 
antennas (sometimes referred to as voltage probe 
antennas) use circuitry somewhat more sophisticated 
than what is presented here.3 Antenna probe lengths 
of 2 inches have been used in some commercial 
models intended for military markets. Their circuitry 
does not match impedances in the usual sense, as 
does the simple approach used here.34 Instead, their 
reactive components are made small in comparison to 
the extremely high source-follower FET input impe-
dance, effectively swamping out the reactive compo-
nent. A short probe antenna, at the lower HF frequen-
cies, may have a capacitive reactance in the millions 
of ohms, while its effective radiation resistance is only 
a very small fraction of an ohm.2 Despite its lack of 
eloquence the antenna presented here works well, and 
can be built in a weekend for very little cost. 

general coverage antenna needed 
Amateur Radio manufacturers have caught on to 

the market for general-coverage reception — today 
many transceivers will receive from the lower LF 
ranges continuously up to 30 MHz and beyond. While 
the benefits of general-coverage receivers are obvious, 
some problems await those seeking a single antenna 
capable of spanning several octaves. 

The simple link-coupled LC preselector circuits used 
in vintage tube-type receivers were capable of match-
ing to a wide variety of loads, and an "antenna" tun-
ing control served in tweaking the most out of any 
antenna. But the situation is somewhat different to-
day. Modern receivers are carefully designed for 
proper gain distribution. The tracking preselectors and 
high-gain front ends are gone; in their place are mod-

Internal view of unit shows the construction details of the 
active antenna. The ASP-677 commercial antenna was used. 
Because of the softness of the minibox aluminum, the 
3/8-inch snap-mount washer was removed and installed on 
the inside wall of the minibox. T h i s w a s h e r is p a r t of thn A S P 
snap-mount assembly. 

By Peter J . Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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ilem descript ion 

4 AIM antenna probe. 20-50 inch length. Siainlett steel antenna whip, a/urn 
Inum fub/ng, or collapsible whip. Radio Shack No. 15-232 (3B 
IncheaJ or No. 270-1401, 270-J402, 270 )403. or 270-T405. 

f I 1 amp, litl-biovr luaa 
J1 Rf connector. SO-239 

fig. 1. The schematic for the indoor antenna. This version has no provisions for 2-meter operation. DC voltage measurements 
are provided to assist in troubleshooting. Voltages are indicated by circled values. 

ern electronically-switched broadband filters. But 
these filters are not tolerant. If the load is not 50 ohms, 
their performance is no longer predictable and losses 
can become excessive. Consider the use of an 80-
meter antenna for shortwave reception in the 40-meter 
region. An 80-meter dipole at 40 meters is virtually 
unusable because as the feedpoint impedance soars 
to a very high value the shunt capacity of the coax 
greatly attenuates incoming signals. 

impedance transformation needed 
Did you ever wonder how an automobile's AM 

antenna could work effectively on FM and yet be so 
short? The answer lies in the special high-impedance 
coax and special front-end design used in these 
receivers. (If you've ever tried to replace this coax with 
a length of RG-58 you've quickly learned a lesson in 
capacitive losses.) 

If a short antenna will work at 550 kHz, it will work 
elsewhere as well. All that's needed is an impedance 
transformation network to change the extremely high 
termination impedance of our short "probe" antenna 
into a usable 50-ohm impedance for our receiver, 
across a range of several octaves. The size of an an-
tenna has little bearing on its performance — full-size 
antennas do offer 50-ohm feedpoint impedances and 
low enough resistance losses to allow efficient RF 
radiation.5 For receiving applications, many Amateurs 
have found that antennas such as the Beverage, 
ferrite-loop, and active antenna often out-perform full-
size transmitting antenna arrays because of their lower 
susceptibility to noise pickup — and in some cases, 
their excellent directivity in the lower HF regions. 

A JFET source-follower stage provides the desired 
high-to-low impedance transformation. (While a 
2N5486 was used here, an MPF102 will also work.) 
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fig. 2. The schematic for the outdoor antenna. Only circuit changes from fig. 1 are shown. Note the elimination of the 
0.22 //F coupling capacitor, allowing DC feed on the coaxial cable. Power supply components have been changed for 15-volt 
output, compensating for possible resistive cable losses. Component values not shown are the same as in fig. 1. 

The antenna is a length of wire, about 48 inches (1.22 
meters) long. A length of stainless-steel wire salvaged 
from an old VHF whip or automobile antenna or even 
a section of aluminum tubing may be used for the 
antenna probe. 

Two versions of this antenna were built and tested; 
one was designed for indoor use and the other for out-
door mounting. The indoor unit was built in a small 
enclosure. The exact dimensions are not critical, pro-
viding all components can be comfortably mounted 
inside. The only difference between the indoor and 
outdoor models is in the packaging — the outdoor 
model uses a remote weather-proof housing for the 
preamp and antenna probe. Everything is self-con-
tained in the indoor version. 

Referring to fig. 1, for the schematic for the indoor 
model, note the back-to-back diode protection from 
the JFET gate to ground. I found that the static dis-
charge generated from shuffling across the shack floor 
was responsible for the untimely demise of several 
2N5486 devices before I realized what was going on. 
These diodes do not guarantee total protection — the 
best safeguard is to avoid touching the antenna 
probe. To prevent generation of an insidious form of 
TVI in the outdoor antenna caused by diode rectifica-
tion of RF radiated from nearby HF or VHF transmit-
ters, a small reed relay is used to disconnect the an-

tenna probe from the preamp stages when the antenna 
is not in use. This also offers some protection to the 
JFET during electrical storms, when static charges 
might build up on the antenna. The reed relay should 
be used in the indoor model as well for protection 
against static discharges. The reed relay is used only 
in the HF model — for 2-meter operation a more in-
volved switching scheme using DPDT relays is 
needed. (This will be addressed in greater detail 
below). 

The schematic shown in fig. 2 serves as the basis 
for the outdoor HF active antenna. The only differ-
ence is in the power feed arrangement. In the outdoor 
model, power for the preamp head is fed through the 
coax from the indoor power supply. 

additional gain needed 
Following the JFET device, which does not provide 

voltage gain, is a class-A bipolar stage using a 2N3866 
transistor. (A 2N5109 could be used here instead.) 
"Hotter" transistors such as the TRW LT1001 might 
offer some improvement, especially at higher frequen-
cies, but they might also require some circuit revisions 
to prevent self-oscillation. This stage does provide 
gain, building up the very small signals captured by 
the short antenna. The transistor must be heatsunk; 
the stage draws about 25 mA resulting in considerable 

May 1985 BO 39 



device dissipation. Shunt feedback sets the stage gain 
and insures stable operation. A series choke in the 
feedback network allows greater gain at higher fre-
quencies, this is necessary because the f j (the gain-
bandwidth product, or the frequency at which the cur-
rent gain reduces to unity! of the 2N3866 is only 500 
MHz. A broadband interstage matching transformer 
is used between the source follower and bipolar ampli-
fier. Using 20 bifilar turns allows enough inductive 
reactance for operation through the AM broadcast 
band. If AM broadcast band coverage is not desired, 
the windings may be reduced to nine bifilar turns. This 
will cause gain to start rolling off below 1800 kHz, 
while yielding a slight improvement above 30 MHz. 

All models were constructed and tested using point-
to-point wiring techniques on double-sided PC board 
material. Phenolic soldering strips provide the 
mechanical support needed for components and 
wiring. While the results are not overly photogenic, 
the circuit works as intended. Etched printed-circuit 
construction is not needed here. 

The outdoor model works best.1 Mounted high and 
in the clear, it is not subjected to the man-made noises 
carried and radiated on the home's wiring. Many com-
mon home appliances will generate copious amounts 
of broadband hash across the HF spectrum: vacuum 
cleaners, television horizontal-sweep circuits, fluores-
cent lights, light dimmers, computers, and numerous 
other devices will cause grief for the serious HF 
operator. While the antenna can be side-mounted to 
an existing tower leg, it is best to mount it away from 
nearby metal objects. If at all possible the antenna 
should be top-mounted on the tower masting. Lead-
in coax can be either RG-59 or RG-58 type cable. RG-8 
coaxial cable can be used with the outdoor combina-
tion 2-meter/HF model to limit the VHF losses. 

use for 2 meters as well 
Since the antenna probe is 48 inches long, we have 

the basic foundation for a 5/8-wavelength vertically 
polarized antenna for 2 meters. All that's required is 
a matching transformer (fig. 4) to match the 
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NOTEDnAwl/tG NOT TO SCALE 

LI* 2 METER MATCHING TRANSFORMER 
? 1/2 TUttHS, WSIOE DIAMETER 
COIL 15 ABOUT I/?-{I2?HM»} HIGH 

fig. 4. Construction details for the 5/8X two-meter radi-
ator and matching transformer. The transformer may be 
formed by winding the antenna rod around a suitable 
form. These dimensions were taken from the ASP-677 
matching transformer assembly. 

5/8-wavelength radiator to 50 ohms. Given a length 
of stainless steel antenna rod, it is possible to make 
the coil and whip one continuous piece. A commer-
cial 5/8-wavelength antenna, such as the Antenna 
Specialists model ASP-677, could serve here as well, 
and was my choice for my outdoor HF/VHF combina-
tion antenna. Note that the ASP whip is cut for about 
46 inches (1.17 meters); this is because of the added 
length introduced by the spring assembly. Half-wave 
or 5/8-wavelength antenna designs using grounded, 
tapped matching transformers will not work. The ex-
tremely small inductances will short circuit HF signals. 

Three or four ground radials are needed for the 
2-meter/HF combination active antenna. These should 
be a little longer than a quarter-wavelength, 20-inch 
lengths of stainless steel antenna whip wire or 
aluminum tubing will serve here. SWR is adjusted by 
trimming the radiator length; 48 inches will be about 
optimum for the upper 2 MHz of the band. If trimming 
the antenna does not yield an SWR under 1.5 to 1, 
compressing or expanding the transformer coil should 
provide a good match. The radials must make good 
electrical contact to the metal enclosure housing the 
antenna. A Radio Shack catalog No. 270-238 mini-box 
houses my unit. Its 5-1/4 x 3 x 2-1/8 inch (13.34 
x 7.62 x 5.52 cm) size is roomy enough to comfort-
ably mount the preamp components. The PC board 
used for mounting the active antenna components 
must also make a good low-impedance RF ground 
connection to the enclosure. This provides the needed 
RF ground path for the 2-meter antenna. If the ASP 
antenna is used, a short length of RG-58 coax should 
be used between the 3/8-inch snap-mount and pre-
amp changeover relay. Use short coax lead connec-
tions to the relay and ground. 

Figure 3 outlines the electrical details for the dual-
purpose antenna. Two miniature hermetically sealed 
relays are used to bypass the preamp stages, allow-
ing straight-through operation for 2 meters when the 
power is removed from the antenna. Metal-can 6 VDC 
hermetic relays can be used, providing the coils are 
connected in series. Six-volt relays are often more 
easily available, and cheaper, than their 12-volt 
counterparts. A 1N4007 silicon power diode protects 
the amplifier from reversed supply voltages; and from 
the counter-EMF generated by the relay coils as power 
is removed. Depending on the length of coax used, 
the power supply voltage may have to be increased 
to compensate for voltage drops in the coax cable. 
The 2-meter version draws over 100 mA; at least 12 
volts should be available at the antenna preamp. 

Short leads are mandatory for good VHF operation. 
The straight-through 2-meter operation uses a short 
piece of coax cable between the relays. RG-174 is okay 
for this, but extremely short ground and center wire 
connections must be made at the relays. The shack-
mounted power supply unit should be as carefully con-
structed, to keep the losses at a minimum. Note the 
use of the DPDT switch; it does "double-duty" in 
switching the power to the antenna preamp and also 
changing the feedline between the HF receiver and 

1 1 

The finished dual-purpose active antenna. Note the installa-
tion of the 1/4-wave 2-meter radials. (See W6SAI's November, 
1984. column in ham radio for a timely discussion on im-
proving radial performance for 5/8-wave 2-meter antennas 
used in this fashion.) 
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2-meter FM rig. Very short leads are used for the coax 
connections at the switch terminals, avoiding severe 
impedance bumps at 146 MHz. Use care in soldering; 
overheating the center insulation may result in a short 
to the coax braid. The outdoor antenna enclosure 
should be weatherproofed. (Silicone bathroom caulk 
will do well for this purpose.) Be sure to allow for con-
densation; a small drain hole on the bottom of the 
enclosure is needed. Also spray the PC board and 
components with clear acrylic spray to prevent corro-
sion. Anti-moisture and fungicidal varnish, carried by 
some electronic suppliers, is what I used, and it is also 
ideal for sealing the coax connections after they have 
been taped. 

what to expect 
Although performance of either model is adequate 

for casual monitoring, it is difficult to evaluate these 
antennas unless an antenna test range equipped with 
full-size antennas for all of the frequencies involved 
is available. S-meter comparisons alone can be decep-
tive. A higher S-meter reading may be obtained with 
an active antenna with excessive internal gain, while 
the signal-to-noise ratio may be best on the compar-
ison antenna. This lesson was demonstrated some 
years ago when I tried using an old RME preselector 
ahead of a 51J3 Collins receiver. Above 15 MHz the 
S-meter was very "busy". Switching off the preselec-
tor often dropped S-9 signals to an S-1 or less, even 
though the readability increased dramatically. 

With the active antenna connected to your HF 
receiver and turned on, a slight increase in receiver 
noise should be heard. Disconnecting the whip an-
tenna from the preamp should cause a noticeable re-
duction in receiver noise. This is a good indication that 
everything is working as it should. The gain of this 
active antenna is not as great as some commercial 
units I've used in the past. Do not expect signals to 
produce the same S-meter readings as a full-size 
antenna. 

Some variations of the design are possible. SWL's 
with a need for coverage in the LF ranges below 550 
kHz might consider eliminating the interstage match-
ing transformer. However, without the matching trans-
former, 60-cycle cross-modulation from strong nearby 
AC powerline fields will be an annoying problem. This 
can be especially troublesome in the indoor model 
where the probe and preamplifier stages are near to 
the power transformer. The limiting factor for LF per-
formance is the choke values used to isolate the DC 
supply voltages. They will have to be increased to 
allow operation below 500 kHz. There is no magic in 
the antenna probe length — antennas as short as 20 
inches might prove adequate. The 48-inch length was 
selected to allow 5/8-wave 2-meter operation. An 
18-inch 145.7 mm) probe could serve as a 1/4-wave 

2-meter radiator and eliminate the need for the 2-meter 
matching transformer. 

A few words of caution: the 2-meter antenna will 
handle about 25 watts. More than this invites damage 
to the 1-/tH chokes. When using the antenna on an 
HF transceiver, never transmit into the antenna. 
Always disconnect the mike and key and set the drive 
and mike controls at minimum before connecting to 
the active antenna! 

There you have it, all in one package: an all-band 
HF antenna for SWL'ing on your transceiver and a 
2-meter antenna for your FM rig. Considering the 
obstacles facing many Amateurs — lot size, restric-
tive zoning regulations, and unsympathetic landlords 
— this antenna will offer a lot of performance in a 
small, inexpensive and inconspicuous design. 
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control your take-off angle: 
the JR vari-lobe antenna 

Dial in your skip distance 
and maximize your signals 

The ham radio staff was saddened to learn of the recent 
death of Dick Schellenbach, W1JF. 

In memory of this exemplary Radio Amateur we are proud 
to present the following two articles. 

46 S3 May 1985 

Most Radio Amateurs, I'm sure, are quite familiar 
with the directional properties of simple halfwave 
antennas. In these antennas, the majority of radiation 
is broadside to the radiating element, in the case of 
a horizontal type antenna. Some Amateurs may be 
familiar with, or may have experienced, the effect of 
raising or lowering an antenna and have seen how its 
launch angle, as well as its impedance, was signifi-
cantly affected by the change in height. In this respect, 
a lower angle of vertical radiation usually produces a 
stronger signal further out in distance than one that 
has an extremely high angle of radiation when the 
communication path is governed by sky waves. This 
path distance versus launch angle phenomenon is very 
noticeable on the lower frequency Amateur bands of 
160, 80, and 40 meters, where both high and low 
angles of radiation are useful in radio communications. 

Given the fact that a half-wave antenna generally 
radiates most of its signal broadside to the antenna, 
what would you think of a simple modification that 
would permit controlled selection of its radiation angle? 
This would allow the Amateur station to take advan-
tage of the prevailing ionospheric conditions, night or 
day, and therefore enhance signals to and from a par-
ticular distant location. Such an antenna system is 
feasible. 

The basic idea for the variable lobe system was 
developed fifty years ago by the legendary John L. 
Reinartz, W1QP.1 

In developing this new concept and publishing the 
results of his experiments Reinartz discovered he truly 
had a multiband antenna system as well as one pro-
viding versatile radiation angle control allowing him to 
maximize signal strengths at different locations. 
Reinartz also found out he could compensate for time-
varying propagation conditions, especially when the 

By R.R. Schellenbach, W1JF, 12 Whitehall 
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reflective layer was in the process of changing heights, 
thereby requiring a different radiation angle while he 
was communicating. 

The ability to alter an antenna's vertical lobe 
characteristics is one solution to the thought-
provoking question, why does it often seem that signal 
reports appear to differ drastically between individual 
stations, even when the stations are located only a few 
miles apart in the same general direction? 

The causes for inconsistencies between signal 
reports include a myriad of possibilities such as 
polarization differences, vagaries of the ionospheric 
reflective layers, multi-hop propagation, launch radia-
tion, and receiving station antenna angle differences, 
to name a few. Because of the large number of vari-
ables affecting sky-wave propagation, the solutions 
to these problems are complex. However, if a radio 
station possesses the capability to adjust to any poten-
tial condition, the inconsistencies are not at all impor-
tant — only the corrective measure capability matters. 

Reinartz recognized the same perplexing propaga-
tion differences between the station he worked and 
proposed that if he were to vary the vertical angle pat-
tern of his antenna, he should maintain a maximum 
signal strength at both ends of the communication 
path. In his model, Reinartz developed an antenna 
system which is basically a simple current-fed Hertz 
type antenna with one quarter-wave horizontal sec-
tion and another sixth-wave feeder section, the latter 
consisting of two normal operating feeders and a third, 
vertical wire carried into his ham shack for tuning and 
compensation control. The original Reinartz version 
of the controlled radiation angle antenna is shown in 
fig. 1. The model as shown, operating on the 80-meter 
band, proved to be capable of operating under ver-
tical angle of radiation control at twice or even four 
times its fundamental design frequency. 

In spite of the antenna's multiband capability, it was 
used primarily on the 80-meter band, where daily and 
seasonal propagation effects were more pronounced 
and allowed Reinartz to do a lot of experimentation 
during variable band conditions. 

how it works 
Referring again to fig. 1, illustrating the original 

Reinartz antenna system, it should be mentioned that 
the variable capacitor C2 was found to be unnecessary 
in the 80-meter application and that all vertical angle 
lobe changing was affected by varying C1 while main-
taining resonance of the parallel L/C network against 
ground for each particular operating frequency. 
Reinartz used an RF current reading ammeter to deter-
mine resonance in the third (vertical! feeder wire, but 
the meter is deemed unnecessary, as other means are 
available to determine proper resonance of the vertical 
wire section. 

A S 

fig. 2A. Mechanism for changing current point B up or 
down by adjustment of series capacitor C1. 

More details of the mechanism for changing the 
antenna's vertical field pattern is shown in figs. 2A 
and 2B, where on the 80-meter band these figures in-
dicate the voltage and current distributions on the 
model and the method employed to change the radi-
ating current points on the system. The horizontal wire 
section of the antenna in fig. 2A is only one-sixth 
wavelength above the ground and hence, most of its 
radiation is directed upward — a real "cloud burner." 
During nighttime conditions, for example, this pattern 
would produce strong local signals because of the high 
angle and short distance skip zone; if we were to move 
the current point from the top of feeder number 3 
downward, however, then the radiation characteristic 
would be reversed and the antenna's radiation would 
become predominately low angle — good for DX. 

The change in vertical radiation pattern with rela-
tionship to the RF current maximum point on the third 
(vertical) wire section is illustrated in fig. 3. As one 
may surmise, the third vertical wire section of the 
antenna functions to provide the vertically polarized 
and low angle lobe control for the system. By control-
ling the current distribution by altering capacitor C1 
in the series tuning circuit of fig. 2, the Vari-Lobe 
antenna changes from a high vertical angle radiator 
to a low vertical angle radiator quite simply. When 
capacitor C1 is slowly tuned, the antenna's vertical 
pattern may be finely adjusted anywhere between the 
two extremes dipicted in fig. 3. This tuning control 
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fig. 2B. The antenna system shown stretched out to illustrate the standing wave (voltage and current) distribution (80-meter 
example). 
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fig. 3. The vertical field pattern differences with shifting 
current point B to 8'. 

effectively allows the operator to " tune in" the re-
quired skip distance to another station for maximum 
signal strength. Large departures in current control by 
changes in capacitor C1 will require slight readjustment 
to the resonance of the parallel tuned circuit between 
the vertical section wire number 3 and ground. 

According to tests by Reinartz in which he instru-
mented the vertical wire from top to bottom with small 
pilot lamps to indicate antenna current distributions, 
the further downward the current maximum was 
toward the one-eighth wavelength point, the greater 
the low angle effect and the further out the skip 
became. 

It is interesting to note that Reinartz performed 
many of his early experiments and collected data on 
the shifting field strength patterns on the 10-meter 

band. Later, actual on-the-air tests using a full-scale 
3.5 MHz (80 meter) model was used to communicate 
with a number of Amateurs up and down the east 
coast of the United States. 

Concluding remarks by Reinartz indicate that his 
repeated tests showed that compensation for the ad-
vance of time from early evening to past midnight 
must be made by a change in the location of the max-
imum current point on the vertical section in order to 
maintain maximum signal strength at the receiving sta-
tion. During daytime operation, he noticed that 
although there was one generally satisfactory setting 
of C1, slight changes could be made in the lobe adjust-
ment to provide a maximum signal at some particular 
receiving station. He noticed too, that some stations 
were always consistent in the antenna's lobe setting 
for obtaining a maximum signal strength. 

a modern version of the JR antenna 
By carrying Reinartz's ideas further and adding 

modern improvements, the JR Vari-Lobe antenna 
came into being. The new system offers more oper-
ating frequencies with ease of controlled radiation from 
either the ham shack or by remote control. The 
modern version is shown in fig. 4 and its control sec-
tion in fig. 5. I prefer the remote tuning method 
because it keeps the necessary radiating elements 
away from the surrounding objects such as houses, 
trees, telephone and power lines, etc. The JR Vari-
Lobe antenna's performance could be adversely influ-
enced by such local obstructions because the antenna 
is a relatively low height system and it utilizes low angle 
vertical polarization. 
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As an additional feature of modernization, I incor-
porated a 15-meter "high gain" capability by using the 
"JF Array"2 principally on the horizontal section. 
When used, the JF Array mode is automatically in-
voked when the system is tuned up on the 15-meter 
band. On this frequency, the antenna acts as a two-
element, wide-spaced collinear array producing a good 
3-dB gain broadside to the horizontal sections. Ver-
tical angle selectivity is not used on this higher frequen-
cy band because the system is operated in its "Zepp" 
mode, in which feeders A and B are used and B and 
C are tied together as shown in figs. 4 and 5. 

The reader will notice that there are small differences 
between the original Reinartz antenna and the modern 
version. Most of the recent changes were brought 
about by the addition of the JF Array feature and a 
more compatible feeder length to handle multiband 
applications. In a departure from the original antenna 
system, we have taken advantage of using a multi-
band tuning network to implement the third wire to 
ground resonance of the system. This expedient is in 
keeping with modernization of the compensation 
tuning, since in practice, only one adjustment needs 
be made for each operating band segment, and one 
that holds for a bandwidth of 40 to 60 kHz on the 
80-meter band and greater than 60 kHz on the 
40-meter band. 

The coaxial transmission line to the radio station 
equipment may be provided by either a 50 or 75-ohm 
coaxial cable through a 1:1 balun transformer con-
nected across a few turns at mid-point on inductor L 
of fig. 5. As discussed previously, capacitor C1 of fig. 
5 is the vertical lobe angle control, where decreasing 
its effective capacity corresponds to raising the cur-
rent maximum point on the vertical wire number 3 cor-
responding to a high lobe angle for the antenna. Con-
versely, an increase in capacitance by C1 results in 
lowering the current maximum point on the vertical 
wire number 3 corresponding to a low angle of radia-
tion for the antenna. Each extreme capacitance 
change of C1 must be followed by an adjustment of 
the parallel tuned resonance circuit, especially if the 
operating frequency has also been changed beyond 
the bandwidth restrictions previously mentioned. 

performance 
Because the JR Vari-Lobe antenna system is in-

tended to be used primarily on the 80 and 40-meter 
bands with infrequent excursions to 15 meters, it is 
important to have a good ground in order for the 
system to work well. Ground radials should be 
employed beneath the horizontal section of the an-
tenna and extend outward in a fan shape from the third 
(vertical) wire section. A good ground system will not 
only enhance the lobe selectivity feature, but will also 
significantly diminish ground losses surrounding the 
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fig. 4. The modernized JR vari-lobe antenna system. 
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fig. 5. The tuning section for alt bands and modes. 

radiating system, especially on the lower frequency 
bands. 

On-the-air tests were conducted on the 80, 40, and 
15-meter bands over a period of three months. Based 
on these tests, it may be stated that the JR Vari-Lobe 
radiation characteristics on the 80 and 40-meter bands 
successfully proved to correspond to Reinartz's theory. 
The variable angle selectivity feature has enabled max-
imum signal strength adjustment over different path 
distances both during night and daytime conditions. 
While operation on the 15-meter band does not include 
variable angle control, it has proven to be an effec-
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tive radiating system of modest size and relative 
simplicity. Although tests were not performed on the 
10 and 20-meter bands, Reinart2 has shown the an-
tenna system will operate as a conventional Zepp on 
all bands and if desired, with variable angle control as 
well. Conventional Zepp configurations do not require 
the parallel tuning network to ground for the third (ver-
tical) wire. Thus, the simple expedient of tying 
together feeders B and C of f ig . 5 changes the antenna 
into a Zepp configuration. The Zepp mode may be 
used on all bands higher than 80 meters, providing a 
flexible multiband antenna system if you don't mind 
the coupling adjustments and tuning of two feeder 
wires. The system is a natural for the Amateur who 
has limited antenna space but would like something 
different and more versatile than other systems. 

resonance tuning features 
The original Reinartz antenna system used an RF 

ammeter in series with the ground connection to deter-
mine resonance of the antenna when excursions were 
made in lobe angle and frequency. A diode detector 
probe positioned near the top of the parallel tuning 
network will work as well and could be remoted quite 
easily if desired. However, it is also posssible to tune 
the system "by ear." When the parallel tuned circuit 
is tuned to the correct resonant point, a noticeable 
increase in received signal strength or background 
noise is apparent, thereby dispensing with the require-
ment for remote meter reading. 

The multiband tuner operates satisfactorily over all 
of the harmonically related Amateur Radio bands to 
maintain resonance of the system. Obviously, if only 
limited operation is contemplated on 80 or 40 meters, 
then the multiband tuning function may be eliminated 
and a single-band network would serve as well. In my 
installation, using remote controlled tuning proved to 
make the operation of the Vari-Lobe a joy to use. Small 
24-VAC furnace valve control motors were coupled to 
the shafts of both tuning capacitors to provide remote 
tuning control from the shack. These small, econom-
ical motors rotate slow enough to allow sufficient 
tuning resolution and accuracy even though they are 
turning only in one direction. An alternative to these 
AC-type control motors are surplus stepping motors 
featuring bi-directional incremental DC pulse control 
with 3.65 degree/step resolution. These devices are 
available from a number of sources for a nominal price. 
Some even include additional gearing for slower 
response. 
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the end-fed 8JK: 
a switchable vertical array 

30/40-meter antenna 
radiates at low angles 

and requires little space 

This array was developed to provide maximum gain 
in a compact, convenient low-vertical angle antenna 
system. The 40-meter version requires only 1225 
square feet of area, and the 30-meter version, less than 
half that amount. 

The 30- and 40-meter bands were selected because 
of the increased activity on those bands — especially 
for DX — resulting from the diminishing MUF caused 
by declining solar activity. The selectable directivity 
and low radiation angle of this system should offer 
significant performance advantages as interference 
and competition on these bands increase. While the 
gain of this phased array is modest, the system will 
effectively double the RF radiated power of a single 
vertical in the preferred direction. The array also pro-
vides deep nulls spaced 90 degrees apart on each side 
of the main beam pattern, thus improving rejection of 
unwanted signals. 

theory of operation 
The 2 x 2 phased array is a pair of two parallel-

element end-fire vertically polarized matched arrays, 
each of which is similar to W8JK's single section 
beam, with elements fed 180 degrees out of phase and 
spaced 1 /8 wavelength apart. A composite simplified 
view of the array is shown in fig. 1. By folding the 
top and bottom 1 /16-wavelength end sections of each 
element, a useful height reduction results without 
significantly effecting similar normal full-size array 
characteristics caused by element folding. Because 
each connecting wire at the base and the elevated end 
sections are only 1/16 wavelength long and carry very 
little current, little radiation and pattern distortion result 
from these folded sections 

construction and implementation 
Figure 2 depicts the 2 x 2 phased array configura-

tion; table 1 provides the element lengths and spac-
ing as well as mast height requirements. Figure 3 il-
lustrates the matching 1/4-wavelength stub and 

By R.R. Schellenbach, W1JF, 12 Whitehall 
Lane, Reading, Massachusetts 01867 
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OVERALL LENGTH table 1. Physical dimensions for the 2 x 2 phased 
array on 40 or 30 meters. 

40-meter 30-meter 
operation operation 

L1 8.75 feet 5.80 feet 
L2 43.00 feet 29.00 feet 
L3 (stub) 34.00 feet* 23.25 feet* 
S 17.50 feet 11.60 feet 
overall length 35.00 feet 23.25 feet 
pole height (min.) 45.00 feet 31.00 feet 
" M a y be laid horizontal a s required. 

s'- y 

(SO.B-rti emml 

T > / / / / / / / / / / / ! > / / / 7 J f r 7 T 

NOTE 
! ALL WIRE IS N0.I4 - NO 12 COPPER OR 

COPPER CL AO STEEL 
! ACTUAL DIMENSIONS FOR EACH BAND 

ARE SHOWN IN TABLE I 

fig. 2. 2 x 2 phased array configuration; single element 
shown. 

remote relay switching scheme including a balun for 
mating with coaxial cable. The length and physical 
positioning of the coaxial cable into the station are not 
critical. 

Because the 2 x 2 phased array consists of two iden-
tical two-element arrays crossing at right angles to 
each other, a simple DPDT relay controls the selec-
tion of the array to be connected to the common 
1/4-wavelength stub and hence through the balun 
transformer and coaxial cable into the station. 

Once the 1:1 balun transformer tap position has 
been adjusted for a low VSWR at the desired operating 
frequency, no tuning or matching are required bet-
ween the station and the system. The actual tap posi-
tion depends on the stub line impedance and inter-
wiring characteristics of the relay switching. 

In order to reduce difficulties in array matching as 
much as possible, each element on an array — as well 
as the overall symmetry of the arrays — should be 
made as identical as possible to preserve balance and 
uniformity when changing directivity. Because a com-
mon 1/4-wavelength stub is used for matching into 
the antenna system, it is important that all wire con-
nections to the DPDT relay be made equal in length. 
In placing the tap point for the balun transformer, you 
will find that with 75-ohm coaxial cable, the tap loca-

tion will be a few inches higher toward the relay end 
than that of 50-ohm coaxial cable. More detail on pro-
per matching is provided later, but the process is sim-
ple and provides wide bandwidth on either band of 
operation. 

site and space requirements 
Four poles, preferably wooden, are required to sup-

NOTE 

BECAUSE OF HIGH IMPEDANCE AND HIGH VOLTAGE 

AT THE RELAY CONTACT POINTS, USE HIGH QUALITY 

INSULATED TYPE RELAY. 

fig. 3. Matching quarter-wave stub, relay and balun 
transformer installation. 
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1225 FT. (373.4 M ) AREA 

REQUIRED 

-POLE FOR ARRAY NO. I 
ITYPICAL) 

35' 
(io.ru) 

ARRAY NO. 2 ARRAY NO. 2 > 

© 

340.5 FT2 (164.7 M*) AREA 

REQUIRED 

\ 7 

POLE FOR ARRAY N0.2 

I TYPICAL) 

-POLE FOR ARRAY NO.1 

(TYPICAL) 

23.23' 

(r.lMI 

® \ 7 

POLE FOR ARRAY NO.2 
!TYPICAL) 

fig. 4. Site and space requirements of 2 x 2 array: 
(A) 40-meter version and (Bl 30-meter version. 

port the array. While they are oriented as shown in 
fig. 4, the distance between them can be increased 
to meet individual requirements. Figure 4 also indi-
cates the principal beam directions with respect to the 
DPDT relay position that is controlled from the sta-
tion end. Using this directivity characteristic of the ar-
ray, the individual beam patterns may be oriented in 
the most favorable compass directions. 

To assure maximum low angle radiation and deep 
null beam pointing performance — and to eliminate 

effects of pattern distortion and RF absorption — the 
array should be located in an area free of structures 
or power lines for at least 250 feet from its center on 
40 meters and 190 feet on 30 meters. 

technical performance 
The 2 x 2 phased array provides approximately 4 dB 

gain over conventional 1 /2-wavelength dipoles and 6 
dB gain over 1 /4-wavelength ground mounted single 
verticals. The azimuthal bi-directional beam pattern, 
although relatively broad, (approximately 80-degree 
half-power beamwidth) has quite deep nulls, better 
than 20 dB down from the main lobe maximum. The 
nulls are also bi-directional in either case and are 
located at right angles (90 degrees) to the two major 
beam lobes produced by each active array. 

In operation, these nulls may be used to advantage 
to eliminate strong interference coming from an 
undesired direction. The major radiating point on each 
active element occurs at a point 42 percent up from 
the bottom end of each vertical. The distance between 
the bottom horizontal 1/16-wavelength inter-
connecting wires and earth ground should be no more 
than 2 to 3 feet for proper performance. 

remote switching and 
balun tap alignment 

The simple arrangement of a common 
1/4-wavelength stub switching to activate either ar-
ray provides controlled directivity for both transmit-
ting and receiving. The length of the 1/4-wavelength 
stub for either band is given in table 1 as a starting 
point for the balun tap position. 

The tap should be made progressively upward from 
this overall dimension. Each time the tap location is 
changed a few inches at a time, the operator should 
observe an in-line measurement of SWR. The proper 
tap point will result in the lowest VSWR reading when 
matching into appropriate coaxial cable using a 1:1 
ratio type balun transformer. The use of a balun in this 
array application is highly recommended to maintain 
a complete balance of the array system and to 
minimize beam pattern distortions as well as deteriora-
tion of noise pick-up immunity so characteristic of 
poorly matched or unbalanced feed systems. 

The coaxial cable, whose length is not critical, may 
be buried and its outer shield grounded for further im-
munity from noise pick-up in severe cases. 

Because of weather considerations for rain or snow, 
the DPDT relay should be mounted inside a waterproof 
enclosure. This may be combined with supporting the 
four bottom horizontal 1/16 wavelength wires if the 
enclosure is elevated by a post at the recommended 
2 to 3 feet above the ground level. 

ham radio 
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feeding phased arrays: 
an alternative method 

Carefully chosen 
feeder lengths 

provide 
good match 

This article describes a method of feeding a two-
element phased-array antenna without using impe-
dance-matching or phase-delay networks at each ele-
ment. The method requires determining the length of 
the feedline from each antenna to the "common 
point" (the point at which the feedlines are combined) 
and installing a matchbox or antenna tuner at this loca-
tion (or in the shack) in order to transform the paral-
leled impedance to 50 ohms. 

network method of matching 
As was clearly pointed out by Forrest Gehrke, K2BT, 

in his extensive series of articles on phased arrays, the 
insertion of a 90-degree delay line into a feeder will, 
in most cases, not guarantee a 90-degree phase shift 
in the feeder current.1 If the actual driving-point impe-
dance of each element is known (for a specified cur-
rent amplitude and phase), then the voltage amplitude 
and phase at any point on that feeder can be calcu-
lated. The technique given by K2BT allows one to 
choose any convenient length for the antenna feeders 
and then design suitable networks to alter the feeder 

voltages so that they are all transformed to the same 
value of voltage amplitude and phase. These terminals 
can then be safely and correctly joined together (at 
the "common point") since they are all at the same 
voltage. The impedance-matching and phase-delay 
networks are used to force all the voltages to be the 
same. Any convenient length of 50-ohm transmission 
line (the main feeder) can then be utilized to span the 
distance from the common point to the shack. The 
main feedline will be " f lat" (the SWR will be low) 
because the networks at the ends of the antenna 
feeders are designed to present a combined impe-
dance of 50+j0 ohms (pure resistance) when "look-
ing" into the common point toward the antennas (see 
fig. 1A). 

The method shown in this article calculates the 
voltages that must exist at various points along the 
antenna feeders. When a point is found on one an-
tenna feeder where the voltage (both amplitude and 
phase) is identical to the voltage at some point on 
another antenna feeder, then those two points can be 
connected together without altering the relationship 
of the currents at the driving points of the two anten-
nas. Rarely will ,the impedance seen looking toward 
the antennas from this common point be 50 ohms.* 
Thus, the main feedline running from this point into 
the shack will not be flat (the SWR will be high) and 
a matchbox or tuner will be needed at the operating 
position to present a well-matched load to the trans-
mitter, (see f ig. 1B). Note: the matchbox could be 

By Al Christman, KB8I, Department of Electrical 
and Computer Engineering, Ohio University, Clip-
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placed into this circuit at the common point if desired. 
Then the main feeder into the shack would be "f lat" 
as in fig. 1A. Of course, the matchbox would then 
be "dedicated" to the array and could not be used for 
other purposes unless removed. 

calculations are simple 
Only one formula, used repeatedly, is needed to 

calculate the voltages at all points along the antenna 
feedlines. It's best to utilize a personal computer or 
programmable calculator to reduce the drudgery of 
this task. 

Ein = I OUT (AZ,l + B) (1) 

where E ^ = voltage at the input end of the 
antenna feeder 

I out = current at the output or load end 
of the antenna feeder 

= current at the driving-point of the 
antenna 

Z i = impedance at the output or load 
end of the feeder 

= driving-point impedance of the 
antenna 

A = cos 0 

B = jZo sin 6 

Zq = characteristic impedance of the 
antenna feeder 

6 = electrical length of the antenna 
feeder, in degrees \360 
degrees = X) 

Note that E[N, I out, and ZL are all complex 
numbers; that is, they have both magnitude and 
phase. The equation therefore requires the use of com-
plex, or vector, arithmetic. A and B are two of the 
"ABCD" parameters discussed by K2BT in Part 5 of 
his series.2 (In addition, both " A " and " B " can be 
complex numbers as well. "A" is complex if the cable 
attenuation is taken into account.) 

The goal is to find a place on the antenna No. 1 
feeder where the voltage is identical to the voltage 
somewhere on the antenna No. 2 feeder. To do this, 
make a list for each antenna, labeling one column for 
"feeder length in degrees" and the other "voltage at 
end of feeder." Then calculate and record the voltage 
on each feeder at 10 degree intervals. After finding 
10 or 15 values for each feeder, stop calculating and 
compare the lists. It is better to record the voltages 
in polar form (amplitude and phase angle) for easier 

*A 1:1 VSWR occurs only when the paralleled driving-point impedance of 
the elements equals the characteristic impedance of the line. Editor. 

MAIN FEEDER 

(HIGH SWR) 

fig. 1. Diagram shows similarities and differences be-
tween KB8l's method and that of K2BT. (A) The effect 
of different feeder lengths are compensated for by the 
use of individual matching circuits. (B) By moving the 
matchbox to the common point arbitrary feeder lengths 
can no longer be used (see text). 

comparison. Also, keep all the angles less than or 
equal to ±180 degrees. (For example, an angle of 
- 230 degrees is equivalent to +130 degrees. Always 
use the smaller number.) When two amplitude values 
are found that are close to each other, check the 
angles to see if they are similar. If both amplitude and 
phase are "in the ballpark," redo the calculation at 1 
degree or 1 /2 degree increments until two lengths are 
found where the voltages are identical, or nearly so. 
If none of the recorded values on one list are compar-
able to those on the other list, continue the calcula-
tions and add more data points to the lists — in other 
words, make the antenna feeders longer. It should be 
possible to find the required line lengths within a 
reasonable amount of time. 

cutting the coax 
After the required length of each antenna feeder has 
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been calculated, it's time to actually cut the coax, 
remembering to take the velocity factor of that partic-
ular cable into account. It's a good idea to actually 
measure the velocity factor of the cable, rather than 
relying upon the manufacturer's data. Since the elec-
tromagnetic fields travel more slowly inside the cable 
than they do in free space, the physical length of the 
cable will be shorter than the electrical length: 

L = 2.734 (Lg) (Vf)/f (2) 

where L = physical length of antenna feeder, in 
feet (1 meter = 3.281 feet) 

Le = electrical length of antenna feeder, in 
degrees 

Vp = velocity factor of the cable, as a 
decimal (i.e., 0.66) 

/ = operating frequency, in Megahertz 

switching directions 
For a two-element array, the pattern may be re-

versed by interchanging the antenna feeder cables at 
the antenna terminals. One way to do this, shown in 
fig. 2, is to cut the longer of the two antenna feeders 
into two pieces, one of which is the same length as 
the shorter antenna feeder. These two equal-length 
cables are then connected directly to the antenna feed-
points and the remaining third piece of cable is 
switched back and forth from one antenna feeder to 
the other using a DPDT relay. For best results when 
building a switchable array, the lengths of the radia-
tors and the ground systems under each antenna 
should be adjusted until both antennas have the same 
self-impedance.3 

20-meter array 
I became interested in phased arrays while accumu-

lating the contacts necessary for WAS on 20 meters. 
A home-brew three-element wire beam suspended 
from trees at 18 feet (5.5 meters) seemed to be per-
forming satisfactorily, and I was working new states 
at a good pace. However, a phone call revealed that 
I was also "quite strong" on my neighbor's (just to 
the west) color TV set. I wasn't too surprised because 
his portable TV — equipped only with rabbit ears for 
an antenna — was less than 50 feet (15.2 meters) from 
my wire beam, and I was running the legal limit. It 
became vitally important that I construct an antenna 
that would concentrate all the RF energy toward the 
east and place a big null right over my neighbor's living 
room — he is, after all, not only my neighbor, but my 
landlord. 

My backyard was too small for a two-element array 
with 1/4 wavelength spacing, but the literature re-
vealed that 75 degree spacing (0.208 wavelength) 

table 1. Voltages at various points along the antenna 
feeders. 

west antenna (1 = 1 /0 degrees) 
e 

(degrees) (volts) 
0 15.56 / - 45 degrees 

10 11.04 / - 11.23 degrees 
20 12.35 /33.2 degrees 
30 18.17 /58.4 degrees 
40 25.17 /70.4 degrees 
50 32.02 /77.2 degrees 
60 38.2 /81.7 degrees 
70 43.4 /85 degrees 
80 47.37 /87.7 degrees 
90 50 /90 degrees 
100 51.19 /92.1 degrees 

110 50.89 /94.2 degrees 
120 49.11 /96.4 degrees 
130 45.92 /98.96 degrees 
140 41.43 /101.7 degrees 
150 35.82 /105.4 degrees 
160 29.32 /110.6 degrees 
170 22.32 /119 degrees 
180 15.56 /135 degrees 

east antenna (1 = 1 / -106 degrees) 
$ E!N 

(degrees) (volts) 
0 49.68 / - 64.9 degrees 

10 54.92 / - 57.95 degrees 
20 59.16 / -52.13 degrees 
30 62.14 / - 46.98 degrees 
40 63.69 / -42 .2 degrees 
50 63.74 / -37.53 degrees 
60 62.27 / -32.77 degrees 

70 59.37 / - 27.65 degrees 
80 55.19 / - 21.87 degrees 
90 50 / — 15 degrees 
100 44.18 / - 6.41 degrees 
110 38.31 /4.83 degrees 
120 33.26 /19.84 degrees 
130 30.18 /39.02 degrees 
140 30.09 /60.32 degrees 
150 33.02 / 79.71 degrees 
160 37.99 /94.96 degrees 
170 43.84 /106.39 degrees 
180 49.68 /115.10 degrees 

combined with 105-degree phasing would yield the 
desired cardioid end-fire pattern. Measurements 
showed that I could squeeze this array into the yard 
without the radials protruding onto the property of my 
neighbor to the east. Two tri-band trap verticals were 
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LI =LENGTH OF SHORTER ANTENNA FEEDER 

L2 = LENGTH OF LONGER ANTENNA FEEDER 

L! = LI + L3 

MAIN FEEOER 

fig. 2. Wiring diagram for DPDT relay used to reverse 
directivity of array. Directivity is toward the right when 
connected as shown. 

erected, each atop a 15-foot (4.6 meter) mast. They 
were spaced 75 degrees apart (14.4 feet or 4.4 meters 
at 14.25 MHz) on an east-west line, and each had 
twenty 1 /4 wavelength radials. The feed system would 
be designed so that each antenna received the same 
current amplitude, but the east antenna would lag the 
west antenna by 105 degrees, placing the null directly 
on my landlord's living room. 

After everything was built, I used an antenna noise 
bridge and calculator to analyze the system according 
to the procedure described by K2BT.31 measured the 
self-impedance and driving-point impedance of each 
vertical at the end of a known length of coax, and then 
"rotated" each of these values to the antenna feed-
point. This may be done on a Smith chart or through 
the use of the following formula: 

DZIN-B 
Zl 

A - CZ,N 

(3) 

where 

Zl = 

ZlN = 

A 

B = 

C = 

load impedance at the output end of the 
transmission line 

impedance measured at the input end of 
the transmission line 

D = cos $ 

jZo sin 6 

j sin0/Zo 

Zo = characteristic impedance of the transmis-
sion line 

0 = electrical length of the line, in degrees 

While it's better to measure all the impedances right 
at the antenna feedpoint, I didn't enjoy the prospect 
of standing on tiptoe perched 10 feet (3 meters) above 
the ground. I opted for the easier way, and the data 
obtained enabled me to calculate the mutual impe-
dance between the two verticals. I used this figure to 
determine the actual driving-point impedance of each 
element when fed by the currents I had specified for 
the array. The product of the driving-point impedance 
and current gives the actual voltage at the feedpoint 
of each antenna: 

west antenna: 
11 = J /0 degrees amperes 

Zi = l l - j l l ohms 

= 15.56 f-45 degrees ohms 

E = I , Z , = 15.56 / —45 degrees volts 

east antenna: 
12 — I / -105 degrees amperes 

Z2 = 38 + j32 ohms 

= 49.7 /40.1 degrees ohms 

E2 = I2^2 = 49.7 /-64.9 degrees volts 

The antenna currents were assumed to have a 
magnitude of 1 ampere for ease of calculation. The 
actual current magnitudes will be determined by the 
amount of drive power. What is important is that the 
actual currents be equal in magnitude, and that the 
east antenna current lags the west antenna current by 
105 degrees. 

My lists of the voltages that will occur at various 
points along each antenna feedline are shown in table 
1. Scanning the table, we can see that the voltage on 
the west antenna feeder at a point 50 degrees from 
the antenna is 32.02/77.2 degrees volts, while the 
voltage on the east antenna feeder at a point 150 
degrees from the antenna is 33.02/79.71 degrees 

volts. These two values are close to each other, and 
we can now calculate more voltages, this time at 1 
degree intervals centered around 50 degrees for the 
west feeder and 150 degrees for the east feeder. This 
information is shown in table 2. Comparing the 
voltages on the two feeders, we can see that the 
values are nearly identical for a 51-degree west feeder 
(32.67/77.77 degrees volts) and a 149-degree east 
feeder (32.61 /77.95 degrees volts). 
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table 2. Voltages at 1 degree intervals along the 
antenna feeders. 

west antenna ( 1 - 1 / 0 degrees) 
e EIN 

(degrees) (volts) 
47 30.02 / 75.53 degrees 

48 30.69 / 76.12 degrees 

49 31.36 /76.7 degrees 

50 32.02 / 77.2 degrees 

51 32.67 / 77.77 degrees 
52 33.32 / 78.27 degrees 

east antenna (1 = 1 / - 1 0 5 degrees) 
e 

(degrees) (volts) 
147 31.87 / 74.29 degrees 

148 32.23 / 76.14 degrees 
149 32.61 /ll.95 degrees 
150 33.02 / 79,7 degrees 

151 33.45 /81.43 degrees 

152 33.89 /83.11 degrees 

table 3. Theoretical front-to-back ratio of the 
2-element phased vertical array. 

elevation angle, 
0 (degrees) 

0 
10 
20 
30 
40 
50 
60 
70 
80 

front-to-back ratio 
(dB) 

OO 
39.72 
27.68 
20.61 
15.56 
11.59 
8.26 
5.31 
2.60 

Notice that the driving-point currents are 105 
degrees out of phase, yet the points on the feeders 
where the voltages are in phase are only (149 
degrees - 51 degrees = ) 98 degrees apart. Also 
notice that the east feeder, which has the lagging feed-
point current, is longer than the west feeder, which 
one would expect. 

Measurements on the RG8X cable used for the 
antenna feeders showed that its actual velocity fac-
tor was 0.725 rather than the advertised value of 0.81. 
Using eq. 2, the actual lengths of coax needed were 
7.094 feet (2.162 meters) and 20.726 feet (6.317 
meters). These two antenna feeders were cut to length 
and installed. A piece of RG-8 about 30 feet (9.1 
meters) long extended from the Tee connector, where 
the antenna feeders were joined, to the matchbox in 
the shack. 

The array performed as expected. State number 50 

fig. 3. Azimuthal-plane power pattern for two 1/4 wave-
length monopoles; spacing = 75 degrees, currents = 
1 / 0 degree, 1 / - 1 0 5 degrees, perfect ground; 0 degree 
elevation angle. 

WEST 

HORIZON 

RELATIVE POWER IdBi EAST 

HORIZON 

fig. 4. Elevation-plane power pattern for two 1/4 wave-
length monopoles; spacing = 75 degrees, currents = 
1 / 0 degree, 1 / - 1 0 5 degrees; perfect ground; east-west 
azimuth. 

(Delaware) was worked shortly thereafter, along with 
contacts in Africa. There were almost no contacts to 
the west — but there also were no further TVI prob-
lems. The major azimuthal and elevation-plane radia-
tion patterns are shown in figs. 3 and 4; the front-to-
back ratio in the main elevation plane is provided in 
table 3. Notice that the front-to-back ratio is infinite 
only on the horizon (0 degree elevation angle! and 
deteriorates to just one or two S-units at high angles. 
There is actually a fairly large rear lobe whose max-
imum occurs at an elevation angle of about 60 
degrees. Thus, there will be a fair amount of radia-
tion and signal pickup off the back of the array if prop-
agation favors this high angle. 
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STUMPED FOR A GIFT IDEA? 
I.D. BADGES 
No ham should be withcul an I D badge 
It 's |usl Ihe Ihing lor club meetings, con-
ventions. and get-togethers. and you have 
a wide choice ol colors Have your name 
and call engraved in either standard or 
scrip! type on one ot these plastic lami-
nated I D badges. Wear It with pride! 
Available in the lollowing color combina-
tions (badge/letlering): while/red. woodgrain/white. blue/white, 
white/black, yellow/blue, red/white, green/while, metallic gold/black, 
metallic silver/black 

• U I D Engraved I D. Badge $ 2 . 5 0 

HERE'S A GIFT IDEA! 
How about an attractive BASE-
BALL style cap that has name 
and call on it It 's the perlecl 
way to keep eyes shaded during 
Field Day. il gives a taunty air 
when worn at Hamlests and il is 
a great help toi Iriends who have 
never met to spot names and 
calls tor easy recognition Great 
tor birthdays, anniversaries, spe-

cial days, whatever occasion you want it to be. Hats come in Ihe lollowing 
colors: GOLD. BLUE. RED. KELLY GREEN Please send call and name (max-
imum 6 letters per line) 

• UFBC-81 S5.00 

REGULAR PRICE HAT AND BADGE $8.50 ($7.50 + $1.00 shipping) 

SPECIAL $7.50 
SAVE $1.00 

f l f & I O _ BOOKSTORE 
GREENVILLE, NH 03048 603-878-1441 

conclusion 
A technique has been demonstrated for feeding 

two-element phased arrays based upon the premise 
that the feeders from individual radiating elements may 
be directly connected together if the voltages at the 
point of connection are identical in magnitude and 
phase. A method was shown for determining the vol-
tage at any point on an antenna feeder when the impe-
dance and current at the driving-point of the antenna 
are given. Using these ideas, an actual 2-element ar-
ray can be built and operated successfully on the air. 
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ham radio 
TECHNIQUES 

the first Radio Amateur 

The world in 1900 was a far different 
place than the world we know. No one 
had heard of credit cards or ball point 
pens; time sharing meant together-
ness, not computers. There were no 
fluorescent lights, instant coffee, 
antibiotics, Frisbees or frozen foods. 
There was no television, no radio — 
and no Amateur Radio. 

Into this late Victorian era there 
stepped a Giant. In 1896 a young 
Italian arrived in England with some 
mysterious scientific apparatus in his 
luggage. The Customs officials, who 
had seen nothing like it before, 
examined it so thoroughly that the 
delicate apparatus was completely 
wrecked. This was the inauspicious 
beginning of a venture destined to 
remold the pattern of 20th-century 
living. 

Guglielmo Marconi, at 26, had come 
to England to seek aid in developing 
his latest invention, a means of sig-
nalling at a distance without wires. The 
hub of a great Empire, Britain pos-
sessed the world's greatest mercantile 
fleet and the mightiest Navy — and it 
was in shipping that Marconi could see 
his dream come true. For once a ship 
left the sight of land it was isolated 
from the world. When disaster struck 
— as it often did — some form of com-
munication between ship and shore 
was sorely needed. 

Marconi demonstrated his equip-
ment to the War Office and the British 
Post Office. The War Office was inter-
ested, but the idea of an alternative 
means of communication seemed to 
be unpleasant to the Post Office; it 
was unenthusiastic. 

By 1898 Marconi had successfully 
demonstrated overland and ship-to-
shore communication and had formed 
the Wireless Telegraph and Signal 
Company Limited. From time to time, 
communication across distances of up 
to 100 miles could be established. Yet 
therein lay an enigma. Hertz's early 
experiments showed that the invisible 
"wireless" waves obeyed the laws of 
light and travelled in straight lines. 
How, then, could Marconi commun-
icate beyond the visible horizon? 
The scientific community regarded 
Marconi's experiments with caution. 

The Post Office monopoly on long 
distance telegraph communication and 
other restrictions made it impossible 
for Marconi to set up a revenue-
earning inland wireless telegraph ser-
vice. His company was rapidly going 
bankrupt. What to do? 

the transatlantic gamble 
Marconi had two ambitions: one, to 

prove his system offered dependable 
long-range capability and two, to com-
pete directly with the Post Office, 
breaking its monopoly, and maintain-
ing a profitable wireless telegraph ser-

vice. He conceived a bold stunt to 
draw attention to his plan: he would 
send a wireless signal across the 
Atlantic! Marconi proposed a station 
of breathtaking power, size, cost, and 
complexity. It was like proposing to 
build a cathedral in a world which had 
seen nothing more grandiose than a 
log hut. The directors of his company 
objected to taking such a risk. His 
grand idea was met with scorn and 
disdain. 

But Marconi convinced his col-
leagues to go along with his plan. The 
station, to be built in Poldhu, Wales, 
was staggering in concept; a 25 kilo-
watt power plant would drive a two-
stage spark transmitter (fig. 1) con-
nected to a 400-wire antenna sup-
ported by 20 masts, each 200 feet 
high. 

By early 1901 the station began to 
take shape. Preliminary tests indicated 
a range of at least 225 miles. Despite 
a myriad of troubles, the station could 
be heard as far away as Ireland. It had 
already proven that wireless waves 
followed the curvature of the globe; 
Marconi was certain that his signal 
could be extended to North America. 

In March, 1901, Marconi sailed for 
America and chose the site for a sec-
ond station: South Wellfleet, a small 
town on the eastern shore of Cape 
Cod, Massachusetts. Leaving his chief 
engineer there, Marconi returned to 
England. 
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A alternator 
Ci,C2 capacitors 
/ j , l2 E-shaped adjustable iron cores 
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Lj,l-2 high inductance chokes 
Si,S2 adjustable spark gaps 
T-i step-up transformer 
72,73 oscillation transformer 

fig. 1. Marconi spark transmitter at Poldhu. 
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fig. 2. The temporary antenna used at Poldhu for the transatlantic tests. 

Catastrophe struck in September 
when a vicious gale hit the coast of 
Wales, breaking one of the many guy 
wires. All 20 masts collapsed into a 
shambles of broken timber and tangled 
wire. Just a month later a second 
storm destroyed the antenna system 
at South Wellfleet. 

The directors of the Marconi Com-
pany were appalled. Over a quarter 

million dollars had been spent with 
nothing to show for it but chaos. 
Marconi would not give up; he cleared 
away the wreckage, erected a tempo-
rary antenna (fig. 2) and had the 
station back on the air in 11 days. 

Because of the diminished capacity 
of the makeshift station, Marconi 
decided to abandon the Wellfleet site 
and set up temporary receiving equip-

ment in Newfoundland, the point of 
landfall nearest to Wales. In great 
secrecy he set sail for St. John, with 
a small stock of kites and balloons to 
keep a single wire aloft in the stormy 
weather. 

A site was chosen on Signal Hill, 
and on December 9 the apparatus was 
assembled in an abandoned military 
hospital. The balloon was prepared for 
inflation and ground plates were 
buried. A cable was sent to Poldhu 
requesting that the Morse letter " S " 
be transmitted continuously from 3 to 
7 PM. Marconi chose his message 
wisely. He knew the fragile state of his 
equipment, and that the transmission 
of dashes, rather than dots, would 
have imposed too great a strain on the 
keyer and the transformers. 

On December 10th the weather was 
fair. A balloon-supported kite antenna 
was sent aloft. The transmissions 
started at a power level of about 10 
kilowatts and on a wavelength of 
about 366 meters (820 kHz). Since 
there was no means of measuring 
frequency, the actual wavelength 
remained a matter of speculation. 

As the wind picked up, the balloon 
bobbed and weaved about in the sky 
above Signal Hill. Marconi adjusted his 
new "syntonic receiver" — a glass 
tube within which a globule of mercury 
was held between two iron or carbon 
rods, forming a crude semiconductor. 
Nothing which could be identified as 
the letter " S " could be heard amid the 
static. The wind picked up and the 
antenna crashed to earth as the 
balloon was swept away. 

December 12, 1901 
On the 12th the wind increased in 

intensity. A kite was launched bearing 
a 510-foot wire. The wind carried it 
away. A second kite was launched 
with a 500-foot wire attached. Because 
he had observed that the buffeting of 
the antenna by the wind made it 
impossible to keep the newer receiver 
in tune, Marconi sat listening intently 
at an older, untuned receiver (fig. 3). 
Time slipped by. Suddenly, at 12:30 
PM, Newfoundland time, he handed 
the earphone to George Kemp, his 

May 1985 ffl 67 



fig. 3. Marconi's untuned receiver. 

assistant, and quietly asked, "Can you 
hear anything, Mr. Kemp?" 

George Kemp took the headphone. 
Through the static crashes he could 
hear, faintly, the unmistakable rhythm 
of three clicks, followed by a pause, 
then three more and a pause, and so 
on, until — all too soon — the signals 
were lost once more in static. Marconi, 
a cool-headed man if there ever was 
one, wrote in his laboratory notebook: 
Sigs at 12.20, 1.10 and 2.20. 

Marconi a fraud? 
Marconi was in a quandry. What 

conclusive proof did he have? He and 
Kemp were not exactly unbiased. 
Should he make a public statement? 

Finally on December 14th Marconi 
cabled his company the news. It was 
made public on December 16th, 1901. 

The first reaction came from the 
lawyers of the Anglo-American 
Telegraph Company, whose cable line 
had carried the message to England 
two days previously. It was sharp and 
to the point. Marconi was told that the 
company had a monopoly on commu-
nication in Newfoundland and it for-
bade any future infringement of their 
rights under pain of legal action. 

The public interest, however, was 
aroused and both the Canadian and 
American governments expressed 
interest in the experiment. The tech-
nical journals treated the incident with 

a combination of skepticism and indig-
nation. Marconi had no proof to sub-
stantiate his claim, which challenged 
the fundamental laws of physics and 
the proven knowledge of Newton, 
Maxwell, Hertz, and others. It was not 
until later, when the reception of 
signals across the Atlantic was demon-
strated beyond any shadow of doubt, 
that Marconi's achievement was 
recognized. 

Even today, it is difficult to believe 
that the 366-meter signals could actu-
ally have been heard. The receiving 
equipment after all, consisted of an 
inefficient antenna coupled to an 
untuned receiver which had no means 
of amplification whatsoever and was 
even less sensitive than crystal detec-
tors, which evolved a few years later. 
If, in fact, the wavelength was 366 
meters, the tests took place at the 
worst possible time of day because the 
entire path would have been in day-
light. Today we know that radio 
signals can travel across the Atlantic 
and far beyond. But in 1901, anyone 
who believed that they could, and did, 
believed so as an act of faith based 
upon the integrity of one man — 
Marconi. 

Marconi at the World's Fair 
It was 1932. Marconi, an interna-

tionally acclaimed scientist, inventor, 
and businessman was in the United 

States. He was scheduled to make an 
official visit to the Chicago World's 
Fair, a breathtaking exhibition of the 
modern world of technology. Fair offi-
cials were in a dither as Marconi 
arrived in the company of other impor-
tant dignitaries. The Great Man toured 
the Fair, expressing great interest in 
the scientific exhibits. News photog-
raphers crowded around Marconi and 
he was followed by a large gathering, 
all craning their necks to see the Father 
of radio communication. 

As he was about to leave, Marconi 
expressed a wish to visit the Amateur 
Radio station at the Fair. So, 
Marconi's big, black limousine, with 
colorful American and Italian flags fly-
ing from the fenders, drew up in front 
of a building on the edge of the fair-
ground, followed by a horde of offi-
cials and newsmen. Marconi was 
escorted up the stairs to the World's 
Fair Amateur station, W9USA. 

The young operators of W9USA ap-
peared thunderstruck as the famous 
visitor strode into the station, intro-
duced himself, and studied the home-
made kilowatt trasmitter and the 
superheterodyne receiver. He exam-
ined the station log book. The Fair 
officials were mystified by the incom-
prehensible collection of equipment 
that seemed to fascinate Marconi. 

One of the operators apologized to 
Marconi, saying that the equipment 
had been built by mere Radio Ama-
teurs. Marconi nodded and smiled, 
shaking the hand of the operator 
warmly. "Yes, yes," he said. " I 
understand — after all, I am a Radio 
Amateur myself." 

radio silence 
Marconi died in July, 1937. On the 

evening of the following day, at the 
state funeral in Italy, the Italian Radio 
Service observed an official period of 
radio silence. In England, and through-
out the world, thousands of radio sta-
tions — broadcast, commercial, and 
Amateur — fell silent. The radio 
silence which Marconi had broken 
when he switched on his first transmit-
ter came down in sorrow at his 
passing. 
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Shortly before he died, Marconi, in 
an address at St. Andrews University 
in Edinburgh, Scotland, stressed his 
original intention to make the high seas 
safe by giving ships a means of com-
munication. Then, perhaps talking 
more to himself than to his audience, 
he added, "Have I done the world 
good — or have I added a menace?" 

in retrospect 
Much speculation has taken place 

during the decades following Mar-
coni's famous transatlantic experi-
ment. Ionospheric studies and a review 
of the sunspot cycle suggest that 
propagation across the Atlantic at that 
time of day, in that month and year, 
was highly unlikely on 820 kHz. 

What, then, might Marconi and his 
assistant have heard? A few clues 
exist. Marconi's spark transmitter 
emitted a rough wave, high in har-
monic content. He used a broadband 
(untuned) receiver. Perhaps Marconi 
was not hearing the fundamental 
transmitter signal, but instead a har-
monic of the signal, in particular the 
fourth harmonic on about 3280 kHz. If 
that is so, then a few hundred watts 
of harmonic power would have easily 
made the transatlantic journey. 

Of course, with a broadband 
receiver, Marconi could have heard 
many harmonics at the same time! So 
we shall never really be sure what 
transpired on that stormy day in 
Newfoundland. It is interesting, 
however, to think that if Marconi had 
elected to listen to his tuned receiver, 
used in the previous day's unsuccess-
ful tests, he might have heard nothing 
at all! 
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a sloping terminated vee beam 
Low SWR 

across ham 
and SWL bands 

This is the antenna that every ham has probably 
dreamed about: a beam antenna that works on every 
Amateur band and on all the spaces in between . . . 
an antenna that's cheap and requires just a single tree 
or pole for support . . . an antenna that doesn't 
require precision measurements, special tuning instru-
ments, or almost anything else out of the ordinary. 
Everything needed can be purchased inexpensively or 
built at home, and the hardest part will be building a 
toroid transformer with about 25 turns of wire. 

This is the same antenna used as a back-up by the 
Voice of America, so you know it works. 

According to transmission line theory, a single con-
ductor placed a few feet above and parallel to the 
ground can be used as an antenna. If the wire is raised 
more than a few feet above ground, the impedance 
approaches a value of 400 ohms according to the 
following formula: 

Z0 = 83.7 logn)(4H/d) (1) 

where Zg = impedance of single wire above 
ground 

H = height of the wire above ground in 
any units 

d = diameter of the wire in the same 
units 

The nonresonant "vee" antenna and a large family of 

similar antennas such as rhombics are based on trans-
mission line theory. When used as an antenna, how-
ever, the transmission line has spacing which is large 
compared with normal lines. As a result it is leaky and 
can be used as an antenna. The radiation field from 
a single wire transmission line may be calculated1 and 
the two maximum gain lobes discovered by the 
equation: 

60 sin a • sin (1-cos a) | 
E(a) = 

where E(a) = 
a 
ir = 
L 
W = 

w 
1 - cos a (2) 

normalized field strength at angle a 
the angle from the axis of the wire 
3.1416 
length of the wire in any units 
one full wavelength in the same 
units 

If two terminated transmission lines are aligned so that 
the major lobes of each wire are additive, the lines then 
become a "vee" antenna. (Two vees placed end-to-
end form a rhombic.) Because the line is terminated 
in a matching impedance, the wires are nonresonant 
— just like any correctly matched, well-behaved trans-
mission line — and the antenna will accept power at 
any frequency. 

Several good things happen with terminated trans-
mission line antennas. One desirable result is broad-
banding operation; another is that the reverse lobes 
(toward the pointed side of the vee) are cancelled or 
greatly reduced. The resulting antenna can be used 
to both transmit and receive at every frequency within 
its range, much like a log periodic antenna. But, it will 

By Robert Ross, 17904 Muncaster Road, 
Derwood, Maryland 20855 
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fig. 1. A maximum lobe gain of 5.1 dBi is achieved with 
a 1-wavelength leg length 68-degree apex angle, non-
resonant vee beam. 

fig. 2. A maximum lobe gain of 5.7 dBi is achieved with 
a 1.5-wavelength leg length 56-degree apex angle, non-
resonant vee beam. 

table 1. Relationship between vee beam leg lengths, 
apex angles, and gains. 

vee leg length 
in half waves 

apex angle 
in degrees 

gain 
in dBi 

2 68 5.1 
3 56 5.7 
4 48 6.1 
5 44 6.4 

10 32 7.4 
20 22 8.4 

produce its best gain only over a relatively narrow fre-
quency range where the major lobes align for best 
gain. This frequency range depends on the angle of 
the apex of the vee and the length of the legs. For 
many purposes, +100 percent to - 5 0 percent fre-
quency excursion is reasonable, (see table 1). The 
worst thing that happens is that the beam splits and 
you find a null in the center with the gain lobes on 
either side. 

In this case the vee has been optimized for the 14 
to 15 MHz band — but it also works reasonably well 
from 40 to 10 and even radiates modestly on 160 and 
80 meters. Optimization can be done for any band by 
calculating the major lobes and adjusting the apex 
angle for that band. Ordinarily, however, not much 
is gained by changing the apex angle of such a short 
vee. Figures 1 through 6 illustrate the azimuthal pat-
tern of vee beams with leg lengths from 1 to 10 
wavelengths. 

i 
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fig. 3. A maximum lobe gain of 6.1 dBi is achieved with 
a 2-wavelength leg length 48-degree apex angle, non-
resonant vee beam. 

construction is easy 
The vee is probably the simplest of all wide band 

beam antennas to build. A single support roughly 65 
feet (20 meters) tall is required for the high end and 
two supports about 3 feet (1 meter) tall for the low 
ends. The only critical item is the pointing of the 
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fig. 4. A maximum lobe gain of 6.4 dBi is achieved with 
a 2.5-wavelength leg length, 44-degree apex angle, non-
resonant vee beam. 
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fig. S. A maximum lobe gain of 7.4 dBi is achieved with 
a 5-wavelength leg length 32-degree apex angle, non-
resonant vee beam. 

antenna. The position of the two low point anchor 
poles must be selected to direct the antenna at your 
target by using a compass bearing corrected for local 
magnetic variations. In Washington, D.C., the varia-
tion is 8 degrees west; thus 8 degrees must be added 
to the compass reading to get a true bearing. The legs 
must be located so that they are 22 degrees on either 
side of the great circle line of bearing to your target 
and to make the open end of the vee point toward the 
target. For example, on my globe London and Europe 
are 48 true (not magnetic) degrees from Washington, 
D.C. 

materials are inexpensive 

The wire and insulators can be of almost any kind. 
However, I prefer No. 14 A W G copperweld wire and 
No. 500 strain insulators (also known as guy wire insu-
lators). Strain insulators are particularly good if you 
use a tree for your antenna pole because they won't 
break when the tree sways in the wind. I also advise 
soldering all antenna connections to avoid long-term 
problems from corrosion and the resulting bad 
connections. 

The transformer can be purchased from at least one 
company for about $150,2 but building your own trans-
former is not difficult. Only a few turns of wire on a 
2-inch diameter RF toroid core will do the job.3 Gener-
ally the largest RF toroid core which the manufacturer 
says will cover the desired frequency range will work 
reasonably well. On my transformer I used 20 turns 
of soft No. 12 A W G enameled copper wire for the sec-

i 
t 
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fig. 6. A maximum lobe gain of 8.4 dBi is achieved with 
a 10-wavelength leg length, 22-degree apex angle, non-
resonant vee beam. 

ondary, spacing it evenly around the core and making 
sure that there were at least a few millimeters between 
the two wire ends to prevent RF voltage flash-over. 
If you leave the ends of the secondary about two feet 
long you can also use them for antenna connections 
later. Anchoring the wire in place with silicone rubber 
is a messy but a very effective measure. Then slip 
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some tube insulation over a second piece of the No. 
12 AWG enameled wire and wrap five primary turns 
evenly over the outside of the first twenty turns. Get-
ting even a semblance of a smooth wrap will be the 
hardest thing you'll have to do for this antenna. Again, 
use some silicone rubber to tack down the primary and 
give it at least twenty-four hours to harden. After strip-
ping the enamel from the ends of toroid primary wire, 
solder on the coax connector of your choice. Resist 
the urge to use the hole through the middle of the 
toroid to hold up the high end of the antenna or attach 
the coax — powdered iron cores are brittle and are 
subject to breaking at the most inconvenient times. 

The 390-ohm termination resistors, are noninduc-
tive resistors made specially for terminating antennas, 
and are available from electronic wholesalers,4 at ham 
fests (your best chance) or at surplus houses. On the 
other hand, you can also make a 200-watt terminating 
resistor out of one-hundred, 2-watt, 39 kilohm, car-
bon composition resistors. A simple way to do this is 
to lay out two tinned No. 12 AWG wires spaced the 
width of the resistor body and solder the 100 resistors 
to them. 

Operating this antenna is pure joy. It loads my 
transmitter well from one end of the short wave bands 
to the other. My antenna also shows a maximum of 
about 1.5:1 SWR on 15 meters and about 1.2:1 max-
imum on all other bands. Adding or subtracting a turn 
or two on the transformer optimizes the SWR for any 
desired frequency. 

At last I have an antenna that works smoothly from 
160 to 10 meters and even works as an effective all-
band antenna for my general coverage short-wave 
receiver. For cost and coverage, it's hard to beat this 
nearly foolproof sloping vee beam. 

references 

1. Landee, Davis & Albrecht, Electronic Designers Handbook, McGraw-Hil l , 
New York, 1957, (see section 21). 

2. The vee antenna feeding transformer, 1.8 to 30 MHz, is available from 
Apcom Inc., 625 lof fs t rand Lane, Rockville, Maryland 20850, (301-294-9060). 
Note: this company and others will supply the complete antenna, mast, 
ground rods, earth anchors and everything else, optimized for your frequency 
and adjusted to f i t various larger pieces of land. This is a good deal for com-
mercial stations, but the cost is very high by ham standards. 

3. Type F240-Q1 toroid core to cover 1.8 to 30 MHz is available f rom Amidon 
Associates, 12033 Otsego Street, North Hol lywood, California 91607, or 
Palomar Engineers 1924-F W . Mission Road, Escondido, California 92025. 

4. Carborundum Co., Graphite Products Division, Box 339, Niagara Falls, 
New York 14302. Please note that this is a manufacturer, not a retail outlet. 
If you can put together a large order, then request noninductive resistor type 
888SP, 390 ohms (2 for each antenna). If more power is required, order type 
891SP, 450 ohms (2 for each antenna). 
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what's this Sporadic E? 
In these m i n i m u m years of the 

10,7-year sunspot cycle when the 
10-meter band is at best open only a 
few hours per day and only to the 
southern directions for long skip, it's 
still possible for propagation modes to 
exist on 6 meters and occasionally 
even the 2-meter band for short-skip 
openings. Signals appear suddenly, 
out of nowhere, and frequently rise to 
amazing strength. They may stay in for 
just a few minutes at a time — or the 
band may remain open for hours. 
Occasionally in June or July DX 
signals might be heard around the 
clock. Signals can be received from 
distances of 500 to 1200 miles and 
occasionally, due to multiple reflec-
tions, from distances as far away as 
2500 miles. 

How do you recognize such Es 

openings? Say you're monitoring a 
beacon. The band is quiet. Suddenly 
you hear a buildup of "antenna noise." 
Almost instantly there are DX stations 
all over the band. Signal levels fluc-
tuate rapidly as the session opens and 
as it declines. When the signal is there 
it usually pegs your S-meter, but it is 
also subject to rapid fades on the order 
of 60 dB or more that chop it into a 
garbled mess. 

One way to recognize the probable 
opening of Es on 6 meters was 
reported by George Jacobs, W3ASK, 
in the June, 1962, issue of CQ. Work-
ing a lower frequency band, say 15 or 
10 meters, listen to the stations being 
worked. If the minimum skip distance 
is decreasing, the skywave geometry 
is such that the maximum usable fre-
quency will be increasing by reflection 
from an Es (more dense than F2 and 
lower height) cloud. W3ASK's rule of 
thumb states that when stations are 
heard less than 500 miles away on 10 
meters, or less than 350 miles on 15 
meters, the chances are good that 6 

meters will open in that same direc-
tion. It's worth a try! (More on Es 

DXing next month.) 

last-minute forecast 
DX conditions on the higher HF 

bands, 10 through 30 meters, are ex-
pected to be very good the first two 
weeks of the month and also again 
during the last week of this five-week 
month. The propagation at these times 
can be via long-skip if the radio flux is 
very high — above about 85 units. 
Sporadic E (Es) short-skip is expected 
to occur occasionally, with the proba-
bility of occurrence increasing as the 
month goes by. The middle two weeks 
of the month will offer the best 
nightime DXing. Geomagnetic distur-
bances are expected to occur around 
the 4th through the 8th and again on 
or about the 15th. Concurrently, the 
thunderstorm noise background level 
will also be higher on the lower bands. 

Moonbounce DXers can take ad-
vantage of the lunar perigee (and full 
moon) that will occur on the 3rd and 
4th of this month. An Aquarid meteor 
shower of interest to meteor-scatter 
and meteor-burst DXers peaks be-
tween May 4th and 6th with rates of 
10 and 25 per hour for the Northern 
and Southern Hemisphere, respec-
tively. 

Two eclipse events are calculated to 
occur in May. The first is a total eclipse 
of the moon on May 4 from 1817 to 
2135 UTC. The path of its shadow 
starts near New Zealand and travels 
west through Australia, Asia, Africa 
into the Atlantic Ocean. The width ex-
tends from the Antarctic to Europe. 
The second event, partial eclipse of the 
sun, (with 84 percent coverage) will 
occur on May 19 from 1925 to 2342 
UTC. Its path begins at Greenland, 
travels across Canada and then moves 
on to Alaska and Japan. The second 
eclipse provides an opportunity to 

evaluate propagation effects on the 
path between the United States and 
Europe. Schedule contacts for the day 
before the day of the eclipse and the 
day after. Compare signal strengths 
and quality on each band used (sug-
gestion: try 40,30, 20 and 15 meters). 
A club-coordinated effort is a good 
way to cover the bands needed. 

band-by-band summary 
Six meters may provide an occasional 
opening to South Africa and South 
America by short-skip Es. These will 
occur around local noontime, toward 
the end of the month. 

Ten and fifteen meters will provide a 
few short skip Es openings and many 
long-skip openings, especially during 
high solar flux conditions, to most 
areas of the world during daylight. 
Some transequatorial (TE) openings, 
associated with a mildly disturbed 
geomagnetic field may occur in the 
evening hours. This is about the last 
month that affords many good TE 
openings until next fall. 

Twenty, thirty, and forty meters will 
support DX propagation from most 
areas of the world during the daytime 
and into the evening hours almost 
every day. Forty meters has joined this 
daytime DX group because of lower 
signal absorption, lower LUF (lowest 
usable frequency) during these sun-
spot minimum years. During unusually 
high 27-day solar flux days 40 meters 
may not be usable and both 30 and 40 
meters may not be usable in the pre-
dawn hours after a high flux day. The 
DX on these bands may be either long-
skip to 2500 miles (4000 km) or short-
skip Es to 1250 miles (2000 km) per 
hop. The iength of daylight is ap-
proaching maximum, providing many 
hours of good DXing. 

Thirty, forty, eighty, and one-sixty are 
all good for nighttime DX. Although 
the background thunderstorm noise is 
beginning to be noticeable these bands 
are still quiet enough to provide good 
DX working conditions. Sproadic-E 
propagation may be a contributing fac-
tor toward enhanced conditions at 
local sunset and will occur more often 
during the next three months. 

V\f\r+ 
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160-meter 
transmission line antenna 

If height or space 
is a problem, try this 

If you're like me, you don't have adequate yard 
space to put up a half-wave dipole on the 160-meter 
band or a tower to load as a short vertical. In the past, 
) tried not to let this discourage me from getting on 
160, but the RF burns and unanswered calls that re-
sulted from loading up a 40-meter dipole forced me 
to come up with a better antenna! 

Short transmission line antennas have been used at 
UHF and microwave frequencies for quite some time.1 

Small slots carved into the bodies of fast-moving 
vehicles (airplanes and rockets) have been used to 
effectively radiate RF energy using transmission line 
principles. In fact the folded dipole, commonly used 
with FM receivers, uses these same principles to 
receive RF signals. Other types of transmission line 
antennas include the "low-profile" type used on trains 
and emergency vehicles, where the antenna structure 
protrudes just fractions of a wavelength above the 
vehicle body. These antennas are advantageous when 
antenna size and height are extremely limited. 

I live in an apartment complex. The tallest structures 
are a couple of 30-foot trees in my small backyard. I 
have also found that good grounding is a problem, 
making the use of an "RF-free" tuner difficult. After 
attempting to work the top band with my existing 20-
meter and 40-meter dipoles (none too successfully), 
I decided to give these transmission line ideas a try. 
The results have been gratifying, to say the least. I now 
have a resonant 160-meter antenna that requires no 
tuner, is directly coax-fed, has given no trace of RF 
in the shack, and provides enhanced reception due to 
very low noise pick-up. 

how it works 
Many people associate the term "transmission line" 

with the coaxial cable or ladder line that feeds their 
antenna — something that "carries power to the 
antenna," and not something that should, itself, radi-
ate RF. Of course, it is undesirable to have our feedline 
radiate, but many successful antennas, such as the 
longwire, the rhombic, and the Beverage are indeed 
unbalanced (radiating) transmission line extensions of 
their feed systems. By configuring these lines properly, 
resulting current distributions along the wires enable 
these transmission line extensions to emit and receive 
far field RF energy. By analyzing a familiar transmis-
sion line antenna, the half-wave folded dipole, we can 
get a feel for how and why a transmission line 
antenna works. 

Consider a folded dipole made of twin-lead transmis-
sion line (fig. 1). This type of feedline typically has a 
300-ohm characteristic impedance. We can think of 
this antenna as being driven by our transmitter, an un-
balanced RF source voltage. A common and useful 
technique used to analyze transmission lines is the 
superposition principle, where the original source 
voltage is replaced by several different sources which, 
when combined, add to give the equivalent voltage 
of the original source. Superposition is used to recon-
figure the folded dipole as shown in fig. 2. By break-
ing down the superposition model, it is possible to con-
struct and identify distinctive modes that characterize 
the behavior of the antenna. Figure 3A shows "push-
push" or even-mode feeding, in which both wires in 
the twin-lead transmission line are excited by the same 
voltage, and have currents traveling in phase. Figure 
3C illustrates "push-pull," or odd-mode feeding, 
where the two wires of the twin-lead have currents 
traveling in opposite directions at any time. The impe-
dances presented by the even and odd modes in terms 
of the excitation voltage and currents are easily found 
with the superposition model. 

By Ted S. Rappaport, N9NB, Box 283, Electrical 
Engineering, Purdue University, West Lafayette, 
Indiana 47907 
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300 OHM TWIN LEAD 

fig. 1. Folded dipole antenna. 

For the even mode case: 

[f] 
2Ie 

(even mode) (1) 

Since the pair of voltage sources in push-push are 
similar to just a single source voltage V /2 driving two 
parallel strands of wire (assuming the twin-lead spac-
ing is much less than a wavelength), the even-mode 
impedence is that of a "w ide" dipole (Zeven = 50 to 
75 ohms). This simplification is shown in fig. 3B. 
Because the even (push-push) mode does the radiat-
ing, it is sometimes called the antenna mode. Note 
that the value of current in each of the transmission 
line wires is half of the total even-mode current. 

For the push-pull case, the odd mode impedance 
is given by: 

Zodd = l"dd 21 od(i 
(odd-mode) (2) 

Z0dd | S ^ e parallel combination of the impedances of 
each of the short-circuited ends of the folded dipole, 
reflected 1 /4 wavelength back to the center feedpoint. 
Recall that a short-circuited transmission-line offers a 
near infinite impedance when the source is placed one-
quarter wavelength from the short. The odd mode 
(sometimes known as the transmission line mode) 
impedance is made very high in this manner. Instead 
of short circuits, resistors can be placed at various 
nodes to alter even and odd mode impedances, as well 

as current distributions. This is sometimes done with 
rhombic antennas and vee beams. For our folded 
dipole example, we can observe that the antenna 
mode offers an impedance to RF on the order of a 
dipole antenna, whereas the transmission line mode 
offers extremely high resistances to RF. 

Specifically, the input impedance to the antenna is 
easily computed (using superposition) as: 

Yin 

[ ( W / ^ ) + 'orfrf] 

4Zvven 
( 
\ 2Z0dd I 

4ZevenZ0dd 

(3) 

I2Z„ Z0dd) 

Observe that for Z0dd very large (as is the case here): 

4Z„ = 300 ohms 

We find that not only does this transmission-line 
antenna radiate, but it also has an input impedance 
of four times that of a conventional dipole. Conven-
iently, this structure can be fabricated out of 300-ohm 
twin-lead, and can also be fed with 300-ohm twin-lead, 
providing a good match to a 300-ohm receiver. In the 
case of Yagi antennas, where the mutual impedance 
effects drop the antenna feedpoint to below 20 ohms, 
a folded driven element can be used to increase feed-
point resistance by roughly a factor of four.2 

using the ground as an image 
By using the ground to electrically provide half of 

the antenna system, we can think in terms of a single 
wire above ground. Figure 4 shows something that 
looks like a folded-dipole using an image. Note that 
the wire height must be much less than a wavelength 
for the transmission line principles to hold. Since 
horizontal image currents always travel in opposite 
directions as do the wire currents, the horizontal por-
tion of this structure, unlike the original folded dipole, 
will tend to cancel out in the far-field (i.e., the even 
mode impedance for this antenna is extremely high). 
The vertical shorting segments, however, will provide 
a vertical radiation pattern, enabling this antenna to 
emit and receive RF energy. 

Closer inspection reveals that the antenna of fig. 
4A is identical to the odd-mode excitation of the 
original folded dipole. Recall that the odd-mode im-
pedance was calculated by considering the parallel 
combination of the two transmission lines transferred 
back to the feedpoint. By this technique, it is easy to 
predict that the input impedance of the structure in 
f ig . 4A will be very high, and the radiation will be due 
primarily to the short vertical segments at the ends of 
the structure. 
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fig. 3. Even and odd antenna mode configurations for 
a folded dipole: W) even-mode excitation; (B) even-mode 
simplification — dipole antenna; and (C) odd-mode 
excitation. 

Now suppose instead of folding both sides of the 
antenna to ground, we open one of them and move 
the feedpoint to a "strategic" location fig. 4B). This 
type of antenna is known as a low-profile antenna, and 
has effectively been used at low frequency (LF) and 
medium frequency (MFI bands, as well as at 
microwave frequencies.3 

low profile antenna 
To calculate the input impedance of the low profile 

antenna at a particular feedpoint we need only deal 
with the odd mode, since, as was the case for the 
antenna in fig. 4A, the even mode offers an extremely 
high impedance because of image current cancel-
lation. 

Again, we must combine in parallel the impedances 
of the open and shorted (folded) sides of the struc-
ture. For any transmission line, input impedance values 
may be found by: 

ZshortM = Zf)Tanh(yx) and Z o p e n ( y ) 

= ZgCoth(yy) ( 4 ) 

where Tanh() and Cot hi) are hyperbolic trigonometric 
functions, Zq is the characteristic impedance of the 
transmission line, x is the distance from the feedpoint 
to a short-circuit termination, y is the distance from 
the feedpoint to an open-circuit termination, and y is 
the complex propagation constant of the transmission 

line, made up of a real attenuation factor, a, and im-
aginary term, representing the emission wave-
length of the source (y = a + j/3). 

The characteristic impedance of the single wire (and 
its image) is dependent upon many factors. These in-
clude height above ground, ground conductivity, and 
moisture of the air, to cite just a few. At 1.8 MHz, an 
approximate value for the characteristic impedance of 
a wire 6 meters above ground is about 800 ohms. The 
value of Zo is really not important, though. The suc-
cess of this antenna lies in the parameter y. 

Naturally occurring losses in the ground and in the 
wire cause some slight attenuation in electromagnetic 
waves as they propagate through the line. This atten-
uation, a, is expressed in units of relative voltage 
decrease per unit length (dB/m), and yields the real 
part of y. It is instructive to compare a lossy and 
lossless model of the low-profile antenna to see ex-
actly how it loads. 

For lossless transmission lines, where y = the 
expressions for short-circuit and open-circuit trans-
mission lines simplify to: 

ZshortM = j Z 0 T a n f ( i x ) a n d 

•'operf (y) - j Z 0 C o W y ) (5) 

where T a n ( ) and C o t f ) are trigonometric functions, 
and j is the imaginary operator, or a 90-degree phase 
shift. For this ideal case, the parallel combination of 
the open and short-circuited line yields an imaginary 
result for any value of x or y I Since it is impossible 
to deliver power to a purely reactive load the SWR is 
infinity for the ideal case. However, when losses are 
considered, it is possible to solve for values of x and 
y which yield a purely real Z,„. This indicates that we 
are using the naturally occurring losses of a transmis-
sion line to provide a purely resistive RF load for our 
transmitter! The end result is an antenna that can be 
made to resonate at any real impedance, provided the 
correct lengths of open and short-circuited transmis-
sion line are used. 

implementation 
Solving for the lengths x and y is much too imprac-

tical because of the many variables that exist at an 
antenna site. Trial and error is the easiest way to "zero 
in" on the particular lengths needed for a desired im-
pedance and a given configuration. For a 50-ohm 
antenna impedance, I wound up with the dimensions 
shown in fig. 5. Only four tries were required to get 
the SWR below 1.5:1 in the 1800 kHz to 1850 kHz 
band, pruning only the longer (open) length of wire. 
I also discovered that other configurations are possi-
ble, at the expense of some bandwidth (fig. 5B). Since 
different locations will use slightly different configura-
tions, it is impossible to derive explicit formulas for the 
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ACTUAL STRUCTURES 
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fig. 4. Example of antennas with images: M ) pseudo-folded dipole with image; (B) low-profile antenna. 

wire lengths; however, it is safe to say that the open-
circuit length will not exceed 40 meters (0.24 X), and 
the short-circuit length should not exceed 9 meters 
(0.05 X). To tune the antenna, start with these lengths 
and trim the longer wire (open-circuited transmission-
line) by removing 0.5 meter lengths of wire until the 
SWR approaches 3:1 at the frequency of interest. 
Then, very finely prune both the open and short-circuit 
lines for best SWR. Small lengths of wire may have 
to be re-inserted after course pruning to optimize the 
match to the transmitter. It is important to be sure that 
all antenna SWR measurements are made with the an-
tenna at its Operating height, bs the wire height above 
ground critically effects the tuning (in fact, this is 
another parameter that can be varied in the pruning 
process to provide the best match). It should be possi-
ble to achieve an SWR well below 1.5:1 if patience is 
exercised in trimming the antenna. 

Wire heights from 2 to 8 meters make the transmis-
sion line approximation valid, although I would think 
that heights greater than this could also be made to 
resonate. The antenna feed system is simply a ran-
dom length run of RG-58U coaxial cable. The open-
circuit wire is connected to the coax center conduc-
tor, while the coax braid is soldered to the short-circuit 
wire, which is terminated at a ground stake (fig. 6). 

antenna performance 
I was able to obtain an SWR of less than 2.0:1 from 

1800 kHz to 1900 kHz using the configuration shown 
in fig. 5A while obtaining the same SWR over a 70 
kHz bandwidth for the set-up shown in fig. 5B. 

My first evening on 160 meters with this antenna 
was most enjoyable, as I rag-chewed with stations 
from Delaware to California! Never before have I been 
able to call CQ and get an answer. It sure beat the 
RF burns and weak signals I had been used to! 

I've worked over 30 states and several DX stations 
(including two Europeans) in the past month using 

II5' <3SMI 

—Q— 
t 

14.8' 
4.5 M 

1 

fig. 5. Low profile antenna dimensions for 160-meter 
operation at N9IMB: (.41 low-profile antenna for 1850 
kHz - 100 kHz bandwidth (dimensions: x = 8 meters, 
y = 34 meters, height = 6 meters); (BI low-profile anten-
na for 1850 kHz - 75 kHz bandwidth (dimensions x = 6 
meters, y = 35 meters, height = 4.5 meters). 

only a 1-meter long ground pipe and 100 watts of 
transmitter power. Also incredible is the low receiver 
noise level. There have been many times when I could 
copy DX stations, while many other stateside opera-
tors could not. This antenna may be of interest to 
those who don't have room for Beverage antennas but 
want to get away from the received noise character-
istics of verticals and dipoles. 

The antenna seems to exhibit a moderately high 
angle of radiation and has a radiation pattern similar 
to that of a short dipole combined with a short verti-
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COAX CENTER CONDUCTOR 

-OPEN CIRCUIT LINE 

coax BRA 10 

-INSULATOR 

TO 6R0UM0 CIRCUIT LINE 

fig. 6. Simple feed method. 

cal. The short-circuit line provides a vertical pattern, 
making this structure similar to a short vertical 
antenna. The open circuit wire provides some horizon-
tal radiation, and is effective in tuning the antenna to 
resonance. The efficiency of this antenna is deter-
mined primarily by the ground conductivity at the 
antenna site. Unfortunately, soil is a very imperfect 
conductor. Ground radials may be used to increase 
efficiency, although they are not essential. In fact, a 
poor ground may actually be beneficial as it would pro-
hibit complete cancellation of the horizontal current 
components in the far-field. 

KS9J and WA2JQW have reproduced this structure 
at their locations using wire heights as low as 6 feet 
(1.9 meters) and short-circuit wire lengths as short as 
8 feet (2.6 meters). They have indicated that low SWR 
is obtainable using an arbitrary wire configuration, at 
an arbitrary height, as long as care is taken to prune 
the antenna patiently. 

c o n c l u s i o n 

After many frustrating attempts to work the 
160-meter band without an adequate antenna, I have 
finally found something that keeps both me and my 
transmitter happy. The low SWR allows for operation 
without an antenna tuner, and the direct coax feedline 
minimizes RF in the shack. Most gratifying, though, 
are the many new friends I have made on 160 meters 
and the enjoyment that contacts on the "gentleman's 
band" can bring! 

Those who are fortunate enough to have plenty of 
yard space, tall trees, or a tower might not want to 
use this type of antenna for 160-meter operation. But 
those of you who think you don't have the room to 
get on " top band," may want to give this tuner-less, 
trap-less transmission line antenna a try. 

r e f e r e n c e s 
1. Walter L. Weeks, Antenna Engineering, McGraw-Hil l , Inc. 1968. 
2 Technical Correspondence, QST, January, 1984, page 46. 
3. Rudolf J. Guenlor. "Isotropic Transmission line Antenna and its Toroid 
pattern Modification," t£EE Transactions on Antennas unci Propagation. May, 
1977, page 386 

h a m r a d i o 

Tlie HD-73 
Rotator 

by Alliance 
A precision instrument 

built to last. 
The HD-73 combines Dual-Speed rotation 

and a single 5-position switch with the clear 
visibility of a backlit D'Arsonval meter. So 

you get precise control for last and fine tuning. 
And the advanced technology of HD-73 

is backed by quality construction. Heavy 
duty aluminum casings and hardened steel 

drive gears. Lifetime factory lubrication that 
withstands - 2 0 ° F. to 

120° F. temperatures. 
The superior design 

of the HD-73 mast 
support bracket, with 

optional no-slip positive 
drive, assures perfect 

in-tower centering with 
no Special tools. 

Automatic braking 
minimizes inertia 

stress. 
Easy to install, a 
pleasure to use. 

Thei H D - 7 3 is on 
your wavelength. 

Write for perform-
ance details 

today. 

I want to tune in on HD-73. 
• Send complete details 

• Give ma the name of my nearest dealer. 

NAME 

ADDRESS 

CITY -STATE. Z I P 

. The Alliance Manufacturing Company, Inc., 
I T ^ F Alliance, Ohio 44601 
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VHFAJHF WORLD ^ 
stacking antennas, 
part 2 
Last month's column discussed the 
theoretical aspects of stacking 
antennas.1 It was pointed out that the 
optimum stacking distance for two 
antennas occurs when the beamwidth 
in the stacking plane is reduced to 
approximately 50 percent of the origi-
nal antenna beamwidth and grating 
lobes are about 13 dB below the main 
lobe. It was further stressed that the 
antenna to be stacked should be 
"clean" (low side-lobe) in order to 
achieve effective stacking since the 13 
dB grating lobe level can't be obtained 
if the antenna to be stacked has 13 dB 
or poorer side-lobe levels to start with! 
Finally, it was shown that if everything 
were done correctly, a gain increase of 
2.5 dB, instead of 3 dB, would be a 
realistic figure every time the number 
of antennas was doubled. 

Several tables and graphs were also 
presented to enable you to determine 
the optimum stacking distance for any 
antenna. While all the electrical param-
eters are necessary, the practical feed-
ing and physical aspects of stacking 
antennas are also important. There-
fore, this month's column will try to tie 
the subject of stacking together so that 
you can choose the optimum configu-
ration for your particular application. 

While working on part 2 of this arti-
cle I noticed that there is one caveat 
I neglected to point out in part 1. All 
the information presented on stacking 
is based on having no ground reflec-
tions (antennas in theoretical space). 
However, once an antenna is over 2 to 

3 wavelengths above ground (a typical 
situation on 2 meters and above), the 
antenna is, for all practical purposes, 
in free space. At 6 meters there may 
be a problem since the lower antenna 
should be at least 40 feet (12 meters) 
above ground. 

stacking configuration 
There are literally dozens of ways 

that antennas can be stacked. How-
ever, only a few configurations are 
typically used by Amateurs.' Some of 
these are shown in fig. 1. (For clarity, 
the mechanical considerations have 
been omitted from the illustrations.) 
The simplest stacking configuration 
places two Yagis in either the horizon-
tal (fig. 1A) or vertical (fig. 1B) plane. 
The optimum spacing between the 
Yagis was discussed in last month's 
column. I'm often asked the reference 
point for measuring the spacing: it is 
the distance between the current 
points — usually the boom on a Yagi. 
In the special case of the loop Yagi, it 
is the center-to-center spacing be-
tween the loops. 

One of the most popular stacking 
configurations for higher antenna gain 
is the "quad" or "box" shown in fig. 
1C. This is usually a simple mechanical 
arrangement and has almost identical 
beamwidth in both the vertical and 
horizontal planes. 

An often-overlooked configuration 
is an array of six Yagis (fig. 1D), which 
yields a theoretical improvement of 
1.75 dB and a typical increase of 1.5 
dB over a four-Yagi array. This is only 
about 1 dB below an eight-Yagi array 
but with a 33 percent smaller area! This 

configuration is only recommended 
using vertical stacking as shown and 
has a more complex mechanical struc-
ture. However, it is particularly recom-
mended for those who can't double 
their arrays but could expand a four-
bay array to six antennas with mini-
mum cost and mechanical impact. 
Other common high-gain configura-
tions especially popular with EME'ers 
are shown in figs. 1E, 1F, and 1G. 
These arrangements are usually the 
easiest to realize mechanically when 
very high gains are required. 

vertical versus 
horizontal stacking 

Last month's column discussed the 
problems associated with the side 
lobes in the H-plane (vertical) of a 
typical Yagi antenna and showed that 
they are normally 2 to 3 dB worse than 
in the E (horizontal) plane. Hence, Yagi 
antennas must often be stacked closer 
than desired in the vertical plane to 
control the vertical grating lobes. Con-
sequently, vertical stacking may yield 
slightly less gain increase than horizon-
tal stacking. 

However, despite these negatives, 
there are reasons for stacking Yagis 
vertically. First, there is sometimes 
only one vertical mast available. 
Secondly, when very high gain is 
needed such as for EME, four or more 
antennas may be required and hence 
stacking some or all of the antennas 
vertically is often desirable. Remember 
that the array beamwidth decreases 
only in the plane of the stacking. 
Hence, if antennas are stacked verti-
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cally, the horizontal beamwidth 
remains the same. This is particularly 
desirable when you don't want to 
"miss" stations that are slightly off the 
main beam such as when using tropo-
spheric propagation. Likewise, vertical 
stacking is especially desirable when 
the signals may be up to 5 or 10 
degrees off the great circle path such 
as in meteor scatter communications. 
Conversely, horizontal stacking is 
desirable for auroral propagation since 
the signal returning from the auroral 
curtain is usually elevated above the 
horizon. Horizontal stacking does not 
affect the vertical beamwidth of the 
antenna being stacked. 

Finally, when high gain is required 
it is almost impossible to not stack in 
both planes as shown in figs. 1C-1G. 
If six or eight Yagis are used, you can 
still tailor the pattern by choosing 
which plane requires the greater 
beamwidth. 

electrical considerations 
After choosing the stacking con-

figuration, there are some important 
electrical considerations such as 
choice of feed line and the placement 
of the power splitter/combiner(s). As 
mentioned in part 1, losses in the feed 
harness can severely reduce the gain 
when stacking antennas. The total loss 
in antenna gain due to the phasing 
harness is the sum of the insertion 
losses from the input of the first power 
splitter/combiner to the final antenna 
feed point on the individual antennas 
(see fig. 2). Generally speaking the 
major losses are in the transmission 
lines in the phasing harness. Note that 
the overall antenna gain loss shown in 
fig. 2 will only be 0.5 dB, not 2.0 dB 
as I sometimes hear! However, while 
0.5 dB may sound low, remember that 
this loss reduces the stacking gain. 
Furthermore, a 0.5 dB phasing line loss 
can decrease the receiver signal-to-
noise ratio by 2 or more dB when look-
ing at a "cold" sky on 70 cm EMEI 

From the above discussion, you can 
see another reason why I get so upset 
when I see antennas stacked too far 

© 

fig. 1. Typical recommended stacking configurations. A) horizontal; B) vertical; C) quad 
or box; D) six-way vertical; £) eight-way vertical; f) eight-way horizontal; and G) sixteen-
way symmetrical. Mechanical details have been omitted for clarity. Note: reference 
points for determining stacking distance. 
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apart. The additional spacing not only 
increases the grating lobes and 
decreases the beamwidth unnecessar-
ily but the hoped for gain increase of 
0.1-0.2 dB by stacking wider than 
optimum may easily be offset by the 
extra phasing line loss. And that isn't 
all. The clincher against using unnec-
essarily greater spacing is the in-
creased load that is placed on the 
rotator and structure. 

feeding the array 
When stacking antennas, it is com-

mon practice to have a separate phas-
ing line on each antenna. This line is 
then connected to a common split-
ter/combiner for each 2, 4, or 6 anten-
nas being stacked. Eight-way split-
ter/combiners are sometimes seen, 
but I personally feel that they are more 
difficult to use and can add additional 
phasing line losses. If coax phasing 
lines are used, each is usually run 
down the antenna boom to a common 
power splitter/combiner which is cen-
trally located on the main mast or 
boom. This method is mechanically 
sound but often adds excessive 
feedline losses. 

A more recent trend popular with 
EMEers is to use a "back plane" feed 
system. In this arrangement each 
phasing line is routed to the rear of the 
array rather than down the boom. The 
power spl i t ter /combiner is then 
mounted behind the antennas, usually 
on a separate small boom extending 
from the main mast. This allows very 
short low loss phasing lines. The main 
feedline(s), which are fewer in num-
ber, can now be made from a more ex-
pensive but low-loss air or foam dielec-
tric coax. 

phasing line requirements 
For best results all phasing lines 

should have the same overall electrical 
length within 22.5 degrees or 1/16 
wavelength. This works out to be ap-
proximately 1.7 inches (4.3 cm) at 432 
MHz. The longer the physical length 
of the phasing lines, the greater 
chance of having an unequal electrical 
length in these lines. 

From my personal experience, I can 

fig. 3. Recommended configuration for 
an open-wire line type of phasing 
harness. Note 1: quarter-wavelength of 
283-ohm open-wire line. Note 2: identical 
lengths of 400-ohm open-wire line. Note 
3: 200-ohm balanced feed point. Can be 
connected to a 4:1 balun or connected 
to another bay using similar matching 
schemes as shown. See text for further 
explanations. 

offer the fol lowing suggestions. 
Always make all phasing lines from the 
same roll or piece of feedline. Stay 
away from small diameter (e.g., 
RG-58/U) and low-cost feedlines. If 
foam dielectric coax is used in a phas-
ing harness, it should be treated 
carefully; it can "cold f low" when 
sharp bends are made and is more 
susceptible to variations with ambient 
temperature changes. 

From practical phasing line meas-
urements I have conducted at 70 cm 

using a slotted line, I have found that 
a physical tolerance of 0.25 inch (6mm) 
on 20 feet (6.5 meters) of 50-ohm 
RG-213 type coax cable is more than 
adequate when using the same spool 
or length of coaxial feedline. 

I offer another important observa-
tion. Always lay feedlines out in a 
straight line and measure them in a 
cool place such as a garage or cellar 
out of the direct rays of the sun. In 
some tests I conducted in my back 
yard, it was impossible to hold the null 
on a slotted line constant long enough 
to take an accurate reading since the 
sun kept changing the temperature of 
my coax line and hence varying the 
length! 

open wire lines 
I'm frequently asked, "Why not use 

open wire lines since they are low cost 
and low loss?" I will not argue with this 
statement but add the following 
caveat: open wire line is a fair weather 
feedline. Whenever deposits (water, 
snow, ice, or industrial wastes) build 
up on the spacers, the impedance and 
hence the VSWR changes. 

If you decide to use open wire lines, 
try to keep a low VSWR on all the 
lines. The extended expanded collinear 
has a problem in this regard because 
the VSWR on the feedlines is very 
high.2 An array of Yagis with a resistive 
(non-reactive) impedance is a good 
open wire candidate. However, use a 
"Q" or quarter-wave matching section 
at each point where the impedance 
changes. A recommended example 
using 200-ohm antennas and feed 
point is shown in f ig . 3. 

Low impedance (less than 250 
ohms) open wire lines are not easy to 
realize since spacing is close and the 
conductors have a large diameter. 
Always use the fewest number of 
spacers possible and still maintain the 
mechanical integrity of the line. My 
experience with extended expanded 
collinears showed that the maximum 
power split for open wire lines should 
be two per junction since four ways 
can pose symmetry problems and con-
gestion of lines which often leads to 
unequal splitting and lower gain. 
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OUTPUT ^ (50 OHMS) 

/F AT JS.J6 OHMS 

INPUT 

50 OHMS 

I OUTPU r 1(50 OHMS) 

L OU TPUT 2 (50 OHMS) 

X/4 AT 70.7 OHMS X / 4 AT 70.7 OHMS 
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r 
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—\J 50 OHMS 

fig. 4. Some typical types of splitter/combiners. A) Wilkinson hybrid; SI popular "Q" 
or quarter-wave section; and CI half-wave type. (See text for further explanation.! 

phasing line lengths 
Finally, I am often asked, "Should 

the length of the phasing lines be a 
multiple of half-wavelengths?" This 
practice apparently started on 2 meters 
when two antennas were closely 
spaced and the feedlines were also act-
ing as an impedance transformer. 

Ideally speaking, the feedline length 
is unimportant if the antennas to be 
stacked have a reasonably low VSWR. 
However, when antennas are stacked, 
there is always some mutual impe-
dance. It has been pointed out by Roy 
Lewallen, W7EL, that whenever any 
mutual impedance exists between an-
tennas, the ideal phasing line length 
should be an odd multiple of quarter 
wavelengths which will enhance the 
proper distribution of power to each 
branch of the antenna.3 He further 
pointed out that this practice has 
been in use on TV antennas for many 
years.4 Although this may be difficult 
to realize in practice (especially on 70 

cm), if possible cut your phasing lines 
to an odd multiple of quarter 
wavelengths. 

power splitter/combiners 
All the foregoing stacking informa-

tion would be for naught if there 
weren't a convenient way to do split-
ting or combining at the antennas in 
the array. The methods shown in fig. 
3 are fine for open-wire line. Coax, 
however, requires different handling. 

There are two basic types of power 
splitter/combined s) that work well 
with coax. They are the isolated 
(hybrid) and the non-isolated quarter 
wavelength types. 

The isolated type shown in fig. 4A 
is often referred to as the Wilkinson 
power divider.5 It uses quarter-wave-
length lines between a floating resistor. 
The resistor doesn't consume power 
unless the loads are unequal or 
missing. This type of power split-
ter/combiner is not too popular with 
Amateurs since the resistors must be 

able to dissipate high power (at least 
half the power entering the split-
ter/combiner) and isolated f rom 
ground. Lewallen also indicated that 
this type of splitter/combiner is not 
recommended for antenna phasing 
especially when mutual impedances 
are present.6 One of the most popular 
types of power splitter/combiners 
used by Amateurs with coax phasing 
lines is the quarter wave coaxial 
matching section shown in fig. 4B. Its 
impedance is the geometric mean be-
tween the input and output im-
pedances and can be easily calculated 
using the following equation: 

2CINE = v Z w ZoUT (1) 

where Z//v is usually 50 ohms and 
ZouT iS the parallel impedance of the 
loads. This method can easily be used 
to split or combine two, three, or four 
ways. For instance, the impedance of 
the line should be 25 ohms for a four-
way split in a 50-ohm system since the 
source is 50 ohms and the load is 12.5 
ohms (50/4). Likewise a two-way split 
would require a 35.36 ohm impedance. 
Both of these impedances gre easy to 
realize using standard square 1 inch 
(2.54 cm) tubing and hobby shop brass 
tubing.7 8 9 

An important attribute of well 
designed air dielectric splitter/com-
biners is that they have inherently low 
loss. There is no reason why they can't 
be extended internally as described in 
reference 9. Also, it is often forgotten 
that most quarter-wave type of power 
splitters are usable at the third har-
monic. Therefore, a good 2-meter 
power splitter may be also usable at 70 
cm and a 70 cm splitter at 23 cm. 

Let us not forget to mention the so 
called half-wave power splitter/com-
biner. Actually it is still a quarter-wave 
type since it consists of two quarter-
wave sections back to back as shown 
in f ig . 4C. It has the added advantage 
that as a four-way splitter/combiner, 
the internal impedance is 50 ohms. 

mechanical aspects of 
stacking 

In general, try to use symmetrical 
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stacking configurations because they 
are less likely to be distorted by 
sagging resulting from wind or ice 
loading and are able to return to their 
intended shape after any external 
forces or loads are removed. Further-
more, in symmetrical configurations 
twisting moments are more likely to 
only cause a moderate decrease in per-
formance if the mechanical structure 

varies more than 1/16 wavelength or 
22.5 electrical degrees (as discussed 
earlier). Several configurations are 
shown in fig. 5. Stacking frames 
should be strong mechanically. Exces-
sive weight should be avoided at all 
cost because it can cause mechanical 
distortion. The materials used — as 
well as their diameter and weight — 
should be carefully examined. The 

© 
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fig. 5. Typical stacking frame configurations for large Yagi arrays. A) recommended 
four-way for a quad of Yagi antennas; B) this is not a recommended arrangement since 
only a single boom connection is used; C) recommended six-way stacking frame; 
D) recommended eight-way stacking frame; and £) recommended sixteen-way. 
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table 1. Calculated section moduli for various popular sizes of aluminum tubing 
using eq. 2 in text. 

outside diameter wall thickness 
inches (mm) inches (mm) section modulus 
0.250 ( 6.35) 0.050 (1.27) 0.00134 
0.375 ( 9.53! 0.050 (1.27) 0.00368 
0.500 (12.70) 0.062 (1.57) 0.00839 
0.750 (19.10) 0.050 (1.27) 0.01810 
0.750 (19.10) 0.062 (1.57) 0.02140 
1.000 (25.40) 0.062 (1.57) 0.04060 
1.000 (25.40) 0.125 (3.18) 0.06710 
1.250 (31.80) 0.062 (1.57) 0.06590 
1.500 (38.10) 0.062 (1.57) 0.09740 
2.000 (50.80) 0.062 (1.57) 0.17870 
2.000 (50.80) 0.125 (3.18) 0.32500 
2.500 (63.50) 0.062 (1.57) 0.28450 
3.000 (76.20) 0.050 (1.27) 0.33610 
3.000 (76.20) 0.062 (1.57) 0.41490 
4.000 (101.60) 0.050 (1.27) 0.60510 
4.000 (101.60) 0.062 (1.57) 0.74930 

ARRL Antenna Book has an excellent 
table listing the weight per unit length 
of most popular aluminum tubing 
sizes.10 Furthermore, to prevent bend-
ing moments, it is often better to use 
a slightly thinner wall larger diameter 
tubing than vice-versa. 

The "section modulus" is an ex-
cellent way to compare the relative 
bending moment of various tubing 
diameters with different wall thick-
nesses. 

section modulus = 
0.098 [(D4 - d4)/D] (2) 

where D is the outside and d is the in-
side diameter of the tubing. Typical 
values of section moduli on some 
popular tubing sizes are shown in 
table 1. Note, for example, that a 3 
inch (7.6 cm) diameter tube with a 
0.050 inch (1.27 mm) wall has a higher 
section modulus and is lighter weight 
than a 2 inch (5 mm) diameter tubing 
with a 0.125 inch (3.2 mm) wall 
thickness. Other values not listed on 
the table can be easily calculated 
using eq. 2. 

Mechanical symmetry of the stack-
ing frame also tends to keep all an-
tenna pattern blockages equal. Like-
wise, wherever possible, the phasing 
and feedlines should be neatly and 
symmetrically dressed and secured to 
a boom. Stacking frames should have 

several points of support. Sometimes 
tower sections are used for the main 
boom on large arrays! Judicious use of 
guy wires preferably at right angles to 
each other with adjustable turnbuckles 
is also recommended. 

Finally, try to pass booms and masts 
at a mid-point between antennas 
rather than adjacent to them. If the 
material or boom used in the stacking 
frame passes through an antenna pat-
tern, it will have little effect as long as 
it is at right angles to the plane of 
polarization and/or is less than 1/10 
wavelength in diameter when passing 
through in the plane of polarization. 

other configurations 
So far I have been discussing the 

common arrays. There are many other 
possibilities. When really high gain is 
required, a large array of antennas may 
be constructed. Amateur arrays using 
24 Yagis are already in use on 2 meters 
and 70 cm and a 32-Yagi 2-meter 
array is under construction! Basically, 
these arrays are configured using com-
binations already mentioned. For in-
stance, a 24-bay array can be con-
structed by stacking three eight-Yagi 
bays per fig. IE along a main boom. 
A single three-way splitter/combiner at 
the center of the array combines the 
three eight-bay sub-arrays. 

Besides the monstrous mechanical 

problems associated with very large ar-
rays, feedline losses and phasing errors 
are probably the biggest source of per-
formance degradation. Always try to 
use the largest and lowest loss phasing 
lines available. Finally, before construc-
ting a large array, consider whether 
you are willing to accept all the 
mechanical risks — it will be large 
enough! Failure to do so may reduce 
performance to the point that you may 
have no more gain than with a smaller 
array! 

final checkout 
Whenever stacking is employed, 

each item should be checked in a 
methodical fashion. First off, the 
VSWR of each antenna in the array 
should be low, preferably 1.2:1 max-
imum. If coaxial lines are used, each 
antenna should be VSWR tested after 
the antennas are mounted in the array. 

Next, connect the individual anten-
nas into the associated power split-
ter/combiner in each grouping and 
test the VSWR again. Then, if appli-
cable, test the entire array. 

Be absolutely certain that all anten-
nas are fed on the same side of the 
array so that 180-degree phase rever-
sals do not occur. Preferably, mount 
all antennas the same way. If you 
decide to mount some upside down, 
make sure to reverse the feed attach-
ment point. Recently, one major 
antenna manufacturer had a connec-
tor plate reversed on some of their 
antennas.11 This did not affect perfor-
mance until two antennas were 
stacked. Phase reversals of this type 
can cause radiation patterns to skew 
or even produce nulls where radiation 
would normally be present. 

Finally, after final assembly and 
testing, measure antenna azimuthal 
and elevation patterns, if possible, 
using the methods described in refer-
ence 11. If the antenna pattern does 
not peak right on boresight (within 1 
to 2 degrees) or if the anticipated 
beamwidth or level of the side lobes is 
not the value anticipated, as discussed 
earlier, recheck all electrical and 
mechanical parameters to find the 
problem. 
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FOR SALE 
EPSILON RECORDS INTERNATIONAL: A 
small business ideally suited for Ham radio 
Operators OR established company desir-
ing to expand present operations. Founded 
in 1957 by famed educator (late) Rus s 
Farnsworth. Epsilon produces educational 
tapes and records, teaching a course in the 
international Morse Code by the patented 
" W o r d Method" . Customers include Elec-
tronic dealers (wholesale) on an established 
basis and private individuals (retail) on a 
mail-order basis through advertising in 
trade magazines. Gross dollar in-take can 
be expanded in excess of $125,000 with 
present equipment. Operations require 
small area (home or studio) in any geo-
graphical location. Firm price of $45,000 
includes all equipment, machinery, stock, 
inventory, master tapes, copy-rights, pat-
ents, customer accounts, files and all 
records. For additional information contact: 
Peter Shaun Rivage, Epsilon Records Inter-
national, P.O. Box 71581, New Orleans, LA 
70172 (504) 242-5922 

MULTI-BAND 
TRAP ANTENNAS 

- — — 1 — — 
Completely assembled & ready to use - Commercial quality, 
built to last -Ligfitwelgfit, sealed, weatherproof traps 
-Automatic band switching - Low loss end insulators - Handles 
up to 2000 watts PEP - for all transmitters, receivers & 
transceivers - Tuner usually never required -Deluxe center in-
sulator. with built in lightning arrester, accepts PL-259 coax 
connector -May be used as inverted " V " - Excellent tor all 
class amateurs - Instructions included - 10 day money back 
guarantee! 

4-Band-40,20.15,10 meters (55) 2 traps »D42 $55.95 PPD 
5-Band-80.40 20,15,10 meters (105') 2traps#D52 S59.95PPD 

SHIPPED POSTPMOI READY TO USE! 
90 tt. RG-58U, 52 ohm coax cable, with PL-259 connector on 
each end - Add $12.00 to above price. 

We accept VISA/MC-Give Card #. Exp, Date. Signature 

SPI-RO DISTRIBUTORS 

E 2 3 | Room 103, P.O. Box 1538 
K 2 3 Hendersonville, NC 28793 

summary 
I n t h i s t w o - p a r t s e r i e s , I h a v e t r i ed 

t o c o v e r t h e m a j o r e l ec t r i ca l a n d 

m e c h a n i c a l c o n s i d e r a t i o n s r e q u i r e d 

f o r p r o p e r l y s t a c k i n g a n t e n n a s f o r 

i n c r e a s e d g a i n . S t a c k e d a n t e n n a s 

s h o u l d b e u s e d o n l y w h e n t h e g a i n 

r e q u i r e d i s b e y o n d t h a t a t t a i n a b l e 

u s i n g a s i n g l e a n t e n n a . R e m e m b e r a t 

t h e o u t s e t t h a t y o u wi l l b e l u c k y t o 

a c h i e v e 2 . 5 d B o f g a i n i n c r e a s e f o r 

e v e r y d o u b l i n g o f t h e a r r a y s i z e . 

B e f o r e b u i l d i n g a n a r r a y t h a t re-

q u i r e s s t a c k i n g , p l a n ca re fu l l y . R e v i e w 

b o t h p a r t s o f t h i s ar t ic le s e v e r a l t i m e s . 

M a n y a l t e r n a t i v e c o n f i g u r a t i o n s h a v e 

b e e n d i s c u s s e d , w i t h p r o s a n d c o n s . 

S t a c k i n g a n t e n n a s i s n o t a s i m p l e j o b 

a n d t h e r e a r e m a n y p i t fa l l s . B o t h e l e c -

t r i ca l a n d m e c h a n i c a l d e c i s i o n s m u s t 

b e m a d e . If p r o p e r l y e x e c u t e d , t h e 

r e s u l t s c a n b e r e w a r d i n g . H o p e f u l l y 

t h e m a t e r i a l p r e s e n t e d wil l b e u s e f u l in 

b u i l d i n g y o u r n e w s u p e r - h i g h - g a i n 

a r r a y l 
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important VHF/UHF 
coming events 
M a y 1: ARRL 70-cm Sprint Contest 
M a y 3-5: West Coast VHP Conference, 

Sunnyvale, California, (Con-
tact W6RXQ for information) 

M a y 4: EME perigee 
M a y 4: 1300 UTC, predicted peak of 

the Eta Aquarids meteor 
shower 

M a y 9: ARRL 23-cm Sprint Contest 
M a y 17-19: Eastern VHF/UHF Conference. 

Nashua, New Hampshire, 
(Contact W1EJ for 
information) 

M a y 19: ARRL 6-Meter Spring Contest 
(tentative date) 

June 1: EME perigee 
June 5: 1930 UTC, predicted peak of 

Arietids meteor shower 
June 8-9: ARRL VHP QSO Party 
June 29-30: SMIRK 6-Meter Contest 
June 15: 0400 UTC, predicted peak of 

June Lyrids meteor shower 
June 21: Mean date of the two-month 

annual peak of sporadic-E 
propagation 

June 29: EME perigee 
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RF transmission cable 
for microwave applications 

Detailed discussion 
examines all aspects 

of the vital link between 
radio and antenna 

The correct selection of RF transmission cable 
requires proper analysis of the electrical and physical 
parameters of the system. 

The amateur microwave enthusiast should be aware 
that even though materials and dimensions specified 
by manufacturers are usually accurate, changes in 
physical and environmental conditions as well as dif-
ferent types of manufacturing equipment or different 
manufacturing conditions can lead to cable with 
substantially different performance characteristics. 

VSWR uniformity 
The VSWR of a cable assembly is the summation 

of reflections due to the connectors, the connector 
termination technique and the cable. The VSWR of 
the cable is the summation of random and periodic 
reflections within the cable, most commonly caused 
by variations within the processing equipment. The 
VSWR will vary with frequency. A common occur-
rence is the VSWR "spike" which is illustrated in 
fig. 1. 

characteristic impedance 
The characteristic impedance of a coaxial cable is 

determined by the ratio of the inner diameter of the 
outer conductor to the outer diameter of the inner con-
ductor and by the dielectric constant of the insulating 
material between the conductors. Select impedance 
to match your system requirements. 

The most common values for coaxial cables are 50, 
75, and 95 ohms. Other impedances from 35 to 185 
ohms are available in coaxial configurations, but these 
are normally of interest only to the industry. 

Note that the actual input impedance at a particular 
frequency may be quite different from the character-

istic, or surge impedance of the cable due to reflec-
tions in the line. The VSWR of a particular length of 
cable is an indicator of the difference between the ac-
tual input impedance of the cable and its average 
characteristic impedance. 

The impedance will vary along the length of the 
cable. Variations of 5 percent are common and some 
mil spec cables are manufactured to 2 percent 
tolerance. 

capacitance 
Capacitance values for standard coax lines depend 

only on cable impedance and dielectric material. 

nominal 
capacitance 

pF/foot cable types 

30.8 50 ohm solid polyethylene 
25.4 50 ohm foam polyethylene 
29.4 50 ohm solid PTFE (Teflon! 
20.6 75 ohm solid polyethylene 
16.9 75 ohm foam polyethylene 
19.5 75 ohm PTFE 
16.3 95 ohm solid polyethylene 
13.5 95 ohm air space 

polyethylene RG62B 
15.4 95 ohm solid PTFE 
10.0 125 ohm air space 

polyethylene RG63B 
6.5 185 ohm air space 

polyethylene RG114A 

capacitance and impedance stability 
The capacitance and impedance of long lengths of 

cable will exhibit very little change over their operating 
temperature ranges (less than 2 percent). Semi-flexible 
foam dielectric cables normally exhibit the least change 
in short cable lengths at frequencies over 1 GHz, 
although the VSWR can vary significantly if dielectric 
movement at the connector interface occurs. 

average CW power rating 
Coaxial cable power ratings must be derated by cor-

rection factors for the ambient temperature, altitude 
(admittedly not of much concern to the Radio 
Amateur) and VSWR encountered in a particular ap-
plication. High ambient temperature and high altitude 
reduce the power rating of a cable by impeding the 

By Howard Weinstein, K3HW, 15 Lakeside 
Drive, Marlton, New Jersey 08053 

106 B9 May 1985 



fig. 3. Altitude correction for polyethylene and teflon 
cables. 

fig. 2. Temperature correction for polyethylene and teflon 
cables. 

heat transfer out of the cable. VSWR reduces power 
ratings by causing hot spots. 

To select the cable construction for a particular re-
quirement, determine the average input power at the 
highest frequency from your station's requirements. 

Then determine the effective average input power with 
the following formula: 

effective power 
average power x (VSWR correction) 
(Temp, correction) x (Alt correction) 

Temperature and altitude corrections are illustrated 
in figs. 2 and 3. 

VSWR correction factor 

= 1/2(VSWR + 1/VSWR) + I/2K '* 
(VSWR-1/VSWR) (2) 

(K ' is shown in fig. 4.) 

maximum A C operating voltage 
A cable cannot operate continuously with corona 

because it causes noise generation, dielectric damage 
and eventual breakdown. The maximum operating vol-
tage must be less than the corona level (extinction 
voltage) of the cable. This is not to be confused with 
the dielectric strength of the cable, which is the test 
voltage applied for one minute during manufacture. 

Maximum operating AC (RMS) voltage levels or 
peak voltages are given for each type of cable in many 
manufacturer's catalogs. Usually the maximum per-
missible DC voltage level is 2.5 to 3 times the AC level. 

May 1985 B I 107 



To determine the actual RMS value, divide peak 
voltage by 1.4, To determine the peak voltage, multiply 
RMS by 1.4. Then determine the effective input 
voltage by multiplying the actual input voltage by the 
square root of VSWR. 

The cable you select should have a maximum 
operating voltage specification greater than the effec-
tive RMS voltage. 

attenuation 
The attenuation of any cable may not change 

uniformly as the frequency changes. Random and 
periodic impedance variations give rise to different at-
tenuation responses. Narrow band attenuation spikes 
can occur. 

0.9n 

0 7-

0 5 -

0.3-

* 

0 1 - \ 

c > 10 100 1000 

FREQUENCY (MHz) 

fig. 4. VSWR correction (multiplier K') for average curve. 

The attenuation of braided cables can increase with 
time and flexure. The change with time can be caused 
by corrosion of the braided shield, by contamination 
of the primary insulation caused by chemicals in the 
cable jacket, and by moisture penetration through the 
jacket. Attenuation degradation is more pronounced 
at frequencies above 1 GHz. Cables having bare cop-
per and tinned copper braids exhibit far greater attenu-
ation degradation than do cables having silver plated 
copper braids. Refer to figs. 5, 6, and 7. 

The following "rules of thumb" apply in Amateur 
service: 

Tin-plated braids. Below 1 GHz, cables manufac-
tured with tin-plated braids have at least 20 percent 
more attenuation than copper braids in the "as manu-
factured" condition, but are more stable than bare 
copper-braided cables. 

Foam polyethylene. Flexible braided cables with 
foam polyethylene dielectrics have approximately 15 
percent less attenuation that solid polyethylene cables 
of the same core size and impedance. However, as 
many of us have discovered, the attenuation of foam 
cables will increase if moisture is absorbed. In high 
humidity environments I suggest that foam cables not 
be used above 148 MHz. All of these problems can be 
eliminated by the use of semi-flexible cables; semi-

HUM8ER OF OATS EXPOSED TO MOISTURE 

fig. 5. Cable attenuation increases with both frequency 
and duration of exposure to moisture. 

fig. 6. Both RG214 and RG217 exhibit similar attenuation 
characteristics vs. frequency. 
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Capacitance (C) = Picofarads/ft 

Inductance (L) = 0.140 LOG(D/d') Microhenries/ft 

Impedance (Z0) = L = 138 LOG (D/d) ohms 
v C Vf 

Velocity of propagation as percentage of speed of 

«" - f i 

Time delay = 1.016 \lE nanoseconds/ft 

7 50 Cutoff frequency = , JJ s/E (D + d) 

Reflection coefficient = P 

Zr - Z0 VSWR - 1 
' "Zr + /.0 ~ VSWR + 1 

VSWR = ^ 

„ . „ 1.15 S ' d (LOG D/d) Peak voltage = ' 

°-435 [J . K, + yf~F 
" " z0 (D) 
+ 2.78 4E (P.F.) (F) 

where: a = attenuation in dB/100 ft 
d = the outside diameter of inner conductor in inches 
D = the inside diameter of outer conductor in inches 
S = the maximum voltage gradient of the cable insulation in volts per mil (thousandth of inch) 
E = the dielectric constant of the insulation of the cable 
LOG = logarithm to base 10 
K = safety factor 
K, = strand factor 
k2 = braid factor 
F = frequency in MHz 
P.F. = power factor 

property of insulating material (dielectric constant "E") 

material dielectric constant "E" 

TFE 2.1 
polyethylene 2.3 
cellular polyethylene 1.4-2.1 
polyvinylchloride 3.00-8.00 
silicone rubber 2.08-3.50 
ethylene propylene 2.24 

flexible cable is generally not available to the average 
ham. Its price is also prohibitive, rising into the dollars-
per-foot price range. 

It is possible however, to use foam polyethylene 
cable up to 12 GHz. The only catch is that it must be 
protected from the environment by either running it 

through a conduit with forced dry air pumped under 
pressure or sheathing it in a seamless metallic tube. 

velocity of propagation 
The velocity of propagation of cable is determined 

primarily by the dielectric constant of the insulating 
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materials between the conductors. This property is ex-
pressed as a percentage of the velocity of light in free 
space. 

time delay velocity 
cable dielectric nanosec/ft percentage 

solid polyethylene 1.54 65.9 
foam polyethylene 1.27 80.0 
foam polystyrene 1.12 91.0 
air space polyethylene 1.17 86.0 
solid teflon 1.46 69.4 
air space teflon 1.16 87.5 

cable noise 
An area often overlooked by Amateurs is self-

generated cable noise, a phenomenon noted whenever 
a cable is flexed. Both acoustical and electrical noise 
are generated. This problem can be minimized by 
properly securing cable to rigid physical structures 
during antenna system installation. 

Most prevalent in the "RG" series cables (RG-8, 
RG-213, RG-58, etc.) and should be carefully con-
sidered by hams who are concerned with feedline 
performance. 

environmental resistance 
The life of a coaxial cable depends on many factors 

other than the materials used in manufacture. The 
following factors all contribute to cable failure. 

U V exposure. Polyethylene-jacketed cable has twice 
the life expectancy when exposed to direct sunlight 
as cable manufactured with PVC (Polyvinyl chloride) 
jackets. 

Humidity. All cables experience vapor transmission 
through their plastic jackets. In Amateur applications 
it is advisable to install cable where it will not lie in 
or pass through an area where standing or running 
water is present. 

Salt-water immersion. The electrical characteristics 
of cable will be rapidly affected if the conductors are 
exposed to salt water. If you live near a large body 
of salt water inspect your coax regularly for salt build-
up. If your cable should become immersed, try to test 
the cable with a TDR (time-domain reflectometer) or 
find someone who can "sweep it" over the frequency 
range that your antenna system operates. 

Underground burial and galvanic action. If you are 
going to install antenna cable underground, use ar-
mored/waterproof coaxial cable or regular "RG" cable 
installed in conduit or similar protective pipe or tubing. 

selection guide 
For the Amateur interested in communications 

through 50-MHz, RG-58 and RG-59 are prudent and 
inexpensive choices, though their power handling 

FREQUENCY (GHZ) 

fig. 7. Repetitive flexure of RG-58 cable increases its 
attenuation characteristics. 

capability is limited to 250 watts for RG-58 and 450 
watts for RG-59. 

A station designed to operate through 148 MHz 
should incorporate RG-8 or RG-213 coaxial cable. Un-
fortunately, the 3-dB roll-off point is just below 200 
MHz. 220-MHz operation is possible, but 50 percent 
of transmitted power will be lost in a typical 100 foot 
run. 

Many exotic transmission lines are available for 220 
MHz and above. Flexible foam dielectric cable (FM-8 
or FM-11, similar to RG-8 and RG-11) is useful up to 
450 MHz but very susceptible to moisture penetration. 

Flexible low loss cables are manufactured with 
braids of flat strips of silverplated copper. This helps 
to lower the VSWR and reduce attenuation above 1 
GHz. Type SF-226, for example, is good through 10 
GHz and its outside diameter is not much larger than 
that of RG-8. 

For operation above 10 GHz I suggest using cor-
rugated tubular aluminum with foam teflon dielectric, 
which is available in 3/8-inch OD for operation through 
15 GHz. This cable is similar in appearance to the "BX" 
type of electrical conduit. The bend radius of this cable 
is 2.0 inches — an important fact to remember during 
installation. 

The most popular coaxial cable among microwave 
enthusiasts is "hardline" or semi-flexible foam dielec-
tric cable. It is available in various ODs, but for 
coverage through 22 GHz 1/4-inch OD is your best 
choice. Although this cable is quite expensive, CATV 
companies will occasionaly discard it because of minor 
imperfections or oxidation on the outer jacket. This 
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discarded cable is suitable for Amateur service. The 
only real problem with its use and installation is the 
proper attachment of connectors; this task should be 
farmed out to your local Amateur microwave expert 
or to your local cable connector technician! 

For use above 22 GHz, tubular copper telfon dielec-
tric cable has no radiation loss except at the connec-
tor interface. An example is CL-50087T, which is good 
through 60 GHz. Difficult to work with and very ex-
pensive, this type of cable is used in military avionics. 

conclusion 
Considering the many electrical and physical charac-
teristics that must be analyzed, selection of RF coax-
ial cable is really quite complicated. Knowing these 
parameters is important when attempting to design a 
communications system for optimum performance. 

I am willing to provide additional information on 
cable, connectors, and installation procedures. Please 
send requests to my home address, which appears at 
the beginning of this article. (Please be sure to enclose 
a legal-size SASE with 3 first-class stamps or IRCs; 
only inquiries with SASEs can be answered.) 
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balun chop suey 

A collection of 
odds and ends 

on 1:1 transmission-
line baluns 

In San Francisco's famous Chinatown, I learned 
a secret: the words "chop suey" mean "odds and 
ends," which is apparently what that familiar Chinese 
dish is composed of. This article, a collection of odds 
and ends about 1:1 transmission-line baluns, is based 
on comments and questions I have been asked as a 
result of my previous balun articles. None of the in-
dividual comments is long enough to warrant separate 
articles — hence the peculiar title. These odds and 
ends also refer to balun articles presented by other 
writers. I hope this discussion will interest balun users 
and designers alike. 

introduction 
First, to establish a frame of reference, I plan to 

discuss transmission-line baluns with input-output im-
pedance ratios of 1:1. The transmission line is wound 
into an inductance, usually on a ferrite form, either 
a rod or a toroid. 

A balun serves two purposes: first, to provide equal 
and opposite voltages to a balanced load, and second, 
to provide isolation between the coax outer conductor 
and the half of the balanced antenna connected to the 
outer conductor. Because the second is the more dif-
ficult problem, I will limit my discussion to it. 

The isolation requirement of a balun has been well 
defined qualitatively by Walter Maxwell, W2DU.1 

A toroidal core with a super-toroid winding. This core is 
wound with clothesline for photographic purposes. 

Maxwell's article was the first to describe, in the 
Amateur literature, the concept of separate currents 
flowing on the inside and outside of the outer con-
ductor, representing the signal current and unbalanc-
ed currents, respectively. I have found this concept 
helpful in describing the isolation function of a balun, 
both in a previous article2 and in this one. I will ex-
pand on Maxwell's comments by giving some numbers 
to specify isolation quantitatively. 

isolation 
The isolation function of a balun is to provide a high 

impedance between the outside of the outer conduc-
tor, and that half of the dipole antenna connected to 
the outer conductor, without affecting the current 
flowing on the inside of the outer conductor to its half 
of the dipole. Very little appears to have been pub-
lished, at least in the Amateur literature, either quan-
titatively or qualitatively, on the isolation property of 
a balun. 

Briefly, isolation is necessary to ensure that the 
signal current flowing on the inside of the outer con-
ductor flows into the antenna, not back down the out-
side of the outer conductor to ground. Lack of suffi-
cient isolation is one reason antenna currents become 
unbalanced. 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22071 
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In its simplest terms, the situation can be considered 
as a circuit problem. To ensure that the transmission-
line current flows into the antenna and not back down 
the outside of the outer conductor, the impedance 
provided by the path down the outside of the outer 
conductor should be many times that of one-half the 
dipole antenna. For example, if the impedance of the 
dipole antenna is assumed to be 70 ohms, the im-
pedance of one-half the dipole will be 35 ohms. By 
making the impedance of the balun to these "outside" 
currents 10 times this impedance, or 350 ohms in this 
case, at least 90 percent of the transmission-line cur-
rent will flow into the antenna and less than 10 per-
cent back down the outside of the coax. 

A balun impedance of five times the load impedance 
(as used above) is an arbitrary figure, although I feel 
it should be adequate for a general-purpose balun. For 
a precision balun, one might prefer an isolation of, say, 
10 or more times the impedance presented by one-
half the total load. In a transmission-line balun, the 
isolation is provided by the inductive reactance of the 
winding. The isolation actually provided by a given 
balun can be determined by measuring the inductive 
reactance as described in reference 2. 

Assuming a linear inductor, as long as the operating 
frequency is well below the self-resonant frequency 
of the inductor, the inductive reactance will be directly 
proportional to frequency. Therefore, there will be a 
frequency below which the inductive reactance will not 
be sufficient to provide the required isolation between 
the antenna and the coax feedline. This determines 
the low frequency limit of the balun. 

The maximum usable frequency of a balun is limited 
by the stray capacitance across the winding. As the 
operating frequency increases, a frequency will be 
reached where the stray capacitance across the balun 
resonates with the inductance of the winding so that 
the winding is in parallel resonance. At this frequency 
the impedance of the balun, and hence its isolation, 
is the maximum it will be, so that this is a desirable 
frequency at which to operate. As the operating fre-
quency is further increased, the reactance of the balun 
becomes capacitive and decreases with frequency until 
the balun becomes series-resonant. At this frequency 
the balun impedance is very low and the balun pro-
vides virtually no isolation at all. The upper useful fre-
quency limit of the balun is usually between the parallel 
and series resonant frequencies. The actual frequen-
cies are a function of the construction techniques, the 
object being to maximize the inductance and minimize 
the stray capacitance across the winding. (This pro-
blem is a subject in itself.) 

Fig. 1 shows the inductive reactance versus fre-
quency of a typical transmission-line balun. From a 
graph such as this, the useful frequency range of the 
balun can be easily determined for any value of load 

FREQUENCY (MHl) 

fig. 1. A typical balun reactance versus frequency 
characteristic. Isolation is at least five times the 
characteristic impedance from 2.5 MHz to above 40 MHz. 
(From reference 2.) 

impedance. The assumed isolation impedance of five 
times the load impedance, based on VSWR considera-
tions, has been arrived at by others. 

To put the isolation property of a balun on a sound 
technical basis from the user's point of view, I believe 
balun manufacturers should specify the minimum ratio 
of the balun winding impedance to the characteristic 
impedance over the specified frequency range. 

testing core saturation 

The methods used for testing a balun for core 
saturation are simple; one method is to wrap a few 
turns of insulated wire around the balun, as shown 
in f ig. 2, and then connect this winding to an 
oscilloscope to observe the waveform. Gradually in-
crease the output power of the transmitter until a 
distorted waveform appears. Then back off the power 
until the waveform again becomes sinusoidal. This 
represents the maximum peak power a given balun can 
handle. 

A more sensitive version of this method involves 
connecting the test winding to a spectrum analyzer, 
instead of an oscilloscope, and measuring the ampli-
tude of the various harmonics. Care must be taken 
here, however, to make certain the harmonics meas-
ured are generated by the balun and not by the 
transmitter. 

An even more sensitive test is to use the RF equiva-
lent of the two-tone test used to measure intermodula-
tion distortion on high-fidelity audio equipment or 
receiver front-ends. Here two transmitters operating 
on slightly different frequencies are connected to the 
balun (and a dummy load) through a diplexer. This test 
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fig. 2. Circuit for core saturation test. 

was proposed by Rich Rosen, K2RR, editor-in-chief 
of ham radio; I have not tried it myself. 

If saturation is present, it can be corrected by in-
creasing the number of turns, or by using a larger core 
(cross section), or both. 

Increasing the number of turns will also have the 
effect of improving the performance of the balun at 
the low end of the frequency range. It will also lower 
the high-frequency end of the range by reducing the 
self-resonant frequency of the winding. 

If the existing winding efficiently uses the available 
winding area, it will be necessary to increase the size 
of the core to accommodate the additional turns unless 
it is possible to use smaller wire. However, in a trans-
mission-line balun the wire size may be dictated by the 
desired (or required) characteristic impedance of the 
winding; the wire diameter and spacing — being par-
ameters — determine the characteristic impedance of 
the winding. 

While the equipment needed and the procedures are 
relatively simple, the practical problems of testing 
baluns can be substantial. First, it takes a high-power 
transmitter and a high-power, preferably balanced, 
dummy load. Most Amateurs, however, will probably 
use an unbalanced load because this type is the most 
readily available. Care must be taken that the load case 
is well insulated from ground because the case will be 
at one-half the unbalanced line voltage when used as 
a balanced load. 

The transmitter must be capable of providing the 
highest power level at which the balun is expected to 
operate. The balanced dummy load, of course, must 
be capable of dissipating this amount of power. 

A more convenient load, at least if you are testing 
the balun for your own use, is to use the regular station 
antenna. (Choose a time when the band is dead!) The 
problem here is that the balun will be high in the air, 
requiring long test leads in a high-power antenna field, 

because RF can be picked up by the line and result 
in inaccurrate measurements. 

transformers or inductors? 
One of the principal sources of confusion in balun 

design, construction, and use seems to be the belief 
that all baluns are transformers. One well-respected 
writer recently stated "It is important to recognize that 
a 4:1 or a 1:1 balun . . . is essentially a broadband 
transformer." If he had stopped to think about it, I'm 
sure this writer would have known better. Strictly 
speaking, any device or collection of components 
which transforms a balanced line to an unbalanced line 
can be called a transformer; in electronics the ex-
pression "transformer" is usually reserved for one par-
ticular type of device where all, or part, of the energy 
passes from input to output by means of magnetic in-
duction. The usual two-winding or three-winding 1:1 
transmission-line balun, however, is not a transformer 
because none of the energy is transmitted from input 
to output by magnetic induction. This type of balun 
should not be designed, tested, or used as a trans-
former. A 1:1 transmission-line balun is an inductor 
wound with a transmission line and must be designed, 
tested, and used as an inductor wound with a trans-
mission line. Failure to recognize this difference in 
design or application is almost certain to lead to dis-
appointment in the use. 

Further complicating the situation is the fact that 
a transmission-line balun can be constructed with im-
pedance transformation ratios other than 1:1, although 
I have not seen this done in Amateur applications. The 
common 4:1 balun is really an auto-transformer and 
not a transmission line device. 

A broadband transformer, on the other hand, must 
be designed in accordance with well-known trans-
former equations relating the number of turns, the 
peak voltage, and the allowable maximum magnetic 
flux density in the core. 

A second means of distinguishing between trans-
former and transmission-line baluns is that with a 
transformer balun, the relationship between the load 
impedance and input impedance is the turns ratio 
squared. With a transmission-line balun, the load-to-
input impedance ratio is calculated using the more 
complex transmission-line equation: 

7. = 
^ i n 

ZCh (Zr cos 6 + jZch sin 6) 
(Zch cos 6 + jZr sin 6) (1) 

There are two problems in designing transmission-
line baluns. The principal problem is designing a wide-
band inductor, i.e., an inductor whose reactance is 
above a given value — usually five to ten times the 
load impedance — over the desired range of frequen-
cies. The second problem is designing a suitable trans-
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mission line, with the required characteristic imped-
ance, capable of being wound on a ferrite core. 

Briefly summarizing, because of the similarity in the 
appearance and circuit configuration of different types 
of baluns and transformers, both of which use mag-
netic cores, there is considerable confusion about their 
operating characteristics. This in turn leads to improper 
design and application of the devices. Before criticiz-
ing a device, one should make certain it has been 
properly designed and used. 

the super-toroid 
The super-toroid balun design was introduced to the 

Amateur community by Reisert in his article on the 
two-winding transmission-line balun.3 The concept of 
a super-toroid, however, was developed by Tom Gross 
in the early 1960's; Gross is a designer of precision 
magnetic components who specializes in devices 
operating at supersonic frequencies — 20 kHz to 500 
kHz and up. The purpose of the super-toroid design 
is to reduce the sensitivity of the conventional toroidal 
coil to external magnetic fields. 

Contrary to popular belief, a single-layer toroidal in-
ductor is sensitive to external magnetic fields because 
of what is known as the one-turn effect. With a con-
ventional, single-layer toroid, the winding is spirally 
wound around the core, as seen in fig. 3. Each turn 
is composed of two winding components: one com-
ponent is aligned with the center of the toroid. The 
other component is at a right angle to the radial com-
ponent and is known as the circumferential compo-
nent. These two components are emphasized in 
fig. 4. The circumferential component provides the 
progression of the winding around the core. If there 
were no circumferential component, each turn would 
lie on top of the preceding turn. 

The circumferential components constitute a single-
turn loop antenna which, as is well known, has a 
response to extraneous signals originating in the plane 
of the toroid, as shown in fig. 5. This is known as the 
"one turn" effect of a toroidal winding. If the winding 
has more than one layer, the single-turn effect 
becomes an N-turns effect, where N is the number 
of layers. 

The super-toroid design eliminates the one-turn 
effect by winding half the turns in one direction, then 
running the winding across the diameter of the core 
to the opposite side and winding the other half of 
the core in the opposite direction. The voltages in-
duced in the circumferential components are therefore 
equal and opposite and therefore cancel. The photo 
shows a core wound in this manner. The winding in 
this case is clothesline rope to show up better in the 
photograph. 

This technique assumes that the external magnetic 
field is uniform through the diameter of the core and 

fig. 3. A conventionally wound balun emphasizing the 
winding pitch, which causes the 1-turn effect. 

the core material is homogeneous. If both these con-
ditions are not met, even more complex types of win-
dings must be used to provide isolation from external 
magnetic fields. 

A secondary advantage of the super-toroid design, 
and one that is much more important to balun de-
signers, is the fact that the effective capacitance 
across the winding is reduced, which increases the 
usable bandwidth of the device. 

Any inductor consists of stray capacitance as well 
as inductance. In the design of an inductance, the ob-
ject, of course, is to maximize the inductance and 
minimize the capacitance. As seen in fig. 6, this 
capacitance consists of an infinitely large number of 
incremental capacitances such as the capacitance be-
tween adjacent turns, capacitance between turns that 
are not adjacent, and between the ends of coil. From 
an engineering standpoint, it is not practical to 
evaluate an infinite number of small capacitances. 
Therefore, the "effective capacitance" of an induc-
tor is defined as that of a physical capacitor connected 
across the ends of the inductor, which stores the same 
amount of energy as that stored by the incremental 
capacitors. 

The energy stored in a capacitor is proportional to 
the product of the physical capacitance and the 
voltage across the capacitor squared: Energy = '/i 
CV2. If the two plates of a capacitor are at the same 
potential, the energy stored by the capacitor is zero 
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fig. 4. A conventionally wound toroid equivalent to fig. 
3 but emphasizing the 1-turn effect. 

and the effectiveness of the capacitor is nil. It is, 
therefore, important that the portions of an inductance 
that are at the greatest potential difference have the 
lowest possible physical capacitance. The ends of the 
winding are at the greatest potential difference, hence 
they should have the greatest separation to minimize 
the physical capacitance. 

A super-toroid has the ends of the windings at op-
posite ends of the core diameter, which is about as 
far apart as it is possible to place them. A con-
ventionally wound balun, on the other hand, has the 
ends of the windings adjacent to each other, where 
they have the highest capacitance. It is, therefore, easy 
to see why the super-toroid winding would have a 
lower effective capacitance and hence a greater band-
width. Then why not use the super-toroid winding 
exclusively? 

For a two-winding balun, the super-toroid winding 
is preferable. For a three-winding balun, the situation 
is complicated by the tertiary interconnections be-
tween the opposite ends of the two main windings. 
With a continuously wound toroid, these interconnec-
tions can be short and can have a low impedance. 
With a super-toroid winding, the two leads of the ter-
tiary winding come out on opposite sides of the core, 
so that both tertiary leads must cross the core. This 

greatly increases the leakage reactance between the 
main winding and the tertiary winding and will 
prove detrimental to proper balun operation above 20 
MHz. 

Thus, even though the super-toroid winding inher-
ently gives greater bandwidth, it should not be 
used for a three-winding balun. For three-winding 
baluns, it is necessary to use a continuous winding 
to ensure short, low impedance interconnections be-
tween the tertiary and main windings. 

wide bandwidth? 
Numerous ham radio readers have questioned the 

desirability, or necessity, of the wide bandwidths 
advertised for commercial baluns — typically 3.5 to 
30 MHz, and more recently, 1.5 to 56 MHz. Are band-
widths this wide really necessary? Or desirable? The 
argument is that since few, if any. Amateurs use the 
same antenna for 80 through 10 meters, much less 160 
through 6 meters, why insist that a balun cover a 
greater, wider bandwidth than the antenna? 

My own opinion is that these wide bandwidths are 
unnecessay and may not be desirable. The antenna 
installation for a typical Amateur active in the HF 
region might be a dipole on 80/75 meters or 40 meters 
plus a triband beam for 20,15; and 10 meters. If space 
permits, maybe a 6-meter beam, too. Therefore, a 
balun that gave high performance, say, from 3.5 to 
10 MHz and a second balun optimized for 14 to 30 
MHz could be designed to provide higher performance 
at the extreme edges of these bands than a single 
wideband balun covering the entire frequency range. 

This has been substantiated by my own experience 
in building and measuring baluns. Wideband baluns 
— 80 through 10 meters — gave marginal but ac-
ceptable performance at the low end of 80 meters and 
at the high end of 10 meters. The isolation impedance 
was just barely equal to five times the characteristic 
impedance of the transmission line. 
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fig, 6. The effective capacitance, CEFF, of an inductor 
stores the s a m e amount of energy as the s u m of the in-
cremental capacitors, C/Nc. 

By adding one or two turns to the winding I could 
dramatically improve the performance at the low end 
of 80 meters, but the series resonant frequency oc-
curred in the middle of the 10-meter band. Similarly, 
by removing a turn or two I could improve the isola-
tion at 10 meters, but only at the expense of the 
80-meter band. 

In my opinion, the bandwidth performance of 
presently available baluns is limited by the following 
factors: 

• State-of-the-art in presently available core materials 
— for example, higher permeabilities at the higher 
frequencies. 

• The limitations imposed on the design by having to 
wind the core with a transmission line of a specified 
characteristic impedance rather than a single con-
ductor as with the usual inductor. 

• The need to handle an appreciable amount of 
power. 

The reasons commercial baluns for Amateur appli-
cations are all wideband devices may include: 

• Competition: no manufacturer can afford to offer 
a balun with less bandwidth than any other 
manufacturer. 

• Lack of published specifications concerning isola-
tion impedance, balance, and isolation make it im-
possible to tell how effective a given balun may be at 
the band edges. 

• Economy: it is much less expensive for manu-
facturers and distributors alike to stock a single balun 
than several different "sizes." 

For these reasons, I believe that if Amateurs want 
high-performance baluns optimized for particular 
bands, they will have to wind the balun themselves. 

final comments 
Physically, transmission-line baluns are very simple 

devices. This simplicity often causes some of the more 
subtle characteristics to be overlooked during design 
or use. Recognizing these subtleties may be the big-
gest problem in designing and using baluns. 
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ham radio 

digital rlF radio 
In "Digital HF Radio: A Sampling of Techniques" 

(April, 1985) the author's name was misspelled. "Dr. 
Ulrich L. Rhode," as it appears on page 18, should 
be corrected to read, "Dr. Ulrich L. Rohde." ham radio 
regrets the error. 

f f \ f l J A V A S S 
harmonic mixer 

In fig. 2 of KIZJH 's "Harmonic Mixer for VHF 
Signal Generation" (March, 1985, page 40), T1 
should be identified as a T37-6 toroid available from 
Amidon Associates, Inc., 12033 Otsego Street, North 
Hollywood, California 91607. 
N W O u l v 
low-vortage power supplies 
In fig. 9 of the March article, "Designing Low-Voltage 
Power Supplies," Q1, 02, and Q3 are shown incor-
rectly wired. The base leads of Q1 and Q2 should be 
connected to the collector of Q3, not its base. 
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tilt-over conversion 
of a 

fixed antenna tower 

Don't like climbing? 

Try this. 

Since 1973 I have been the proud owner of a self-
supporting triangular steel lattice antenna tower. But 
because I 'm afraid of heights, climbing this tower is 
out of the question. Changing antennas means en-
gaging helpers, and even then it's not easy because 
the mast has an additional 10-foot (3 meter) long tube 
on top, making the rotator and antennas almost 
inaccessible. 

It took a long time before I realized how I could con-
vert my mast to a tilt-over. The 40-foot (12 meter) 
tower consists of two sections, each 20 feet (6 meters) 
long. (With the 10-foot, 3 meter tube on top, the total 
height comes to 50 feet, or 15 meters.) A s shown in 
fig. 1 the two sections are connected by three flanges 
with three bolts each; this division appeared to be the 
logical place for a hinge that would permit the upper 
section to pivot and be lowered to ground level. 

The next problem to be solved was how to effect 
the tiIt-over action by means of a winch and hoist line. 

Sketches ol the parts constructed by PA0DON are available from the 
author. Send a la rye sall-aditfasStiti unvolopu: unaionti thiee IRCs. 

f ig. 1. The t o w e r before c o n v e r s i o n . H i n g e p lates will be at-

t a c h e d b e t w e e n the f l a n g e s c o n n e c t i n g the upper a n d l o w e r 

part of the t o w e r . 

By Dick Rollema, PA0SE, v.d. Marckstraat 5, 
2352 RA Leiderdorp, Netherlands 
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fig. 2. The initial plan for the tilt-over conversion was 
dropped because forces in outriggers AB and AC and 
the hoist line would be excessive. 

fig. 3. The final design: gin pole BE is 20 feet (6 meters) 
long. At C the gin pole is fastened to the lower hinge 
plate. The highest bending moment occurs at A. 

I first thought of using a method such as the one 
shown in fig. 2, similar to the cranes used by building 
contractors. But with the tower positioned immediate-
ly behind our house, outriggers AB and AC would 
have to be short enough to clear the structure. This 
would lead to high tension in the hoist line and cause 
too much stress on the overall system. So the idea 
was dropped. 

The breakthrough occurred when I visited PA0WCW, 
who has a similar tower that had been converted into 
a tilt-over. PA0WCW used two adjacent gin poles per-
manently fixed to the tower. A pulley is mounted on 
top of each pole. Two hoist lines in parallel run from 
the winch over the pulleys to a point halfway up the 
upper section of the mast. 

My final design is shown in fig. 3. Here a single gin 
pole iBE) is fixed to the tower at the lower end Eand 
in the middle at C. A few calculations showed that 
bending moment at C is so large that ho pipe of ac-
ceptable size could endure this stress, so two stays 
designed to bear most of the load were introduced. 

These are fastened to the gin pole at both ends and 
pushed away from the middle of the pole by a trian-
gular outrigger. Figure 4 shows the finished system. 

calculation is a must 

Before working out a project such as this, it is ab-
solutely essential to determine the forces exerted on 
the different parts. Calculating stresses in mechanical 
construction projects is definitely not part of my daily 
routine, but after consulting some textbooks — and 
with some professional advice from PA0TO — I 
managed to do the job. It was not very difficult after 
all. I quickly discovered that the most critical point is 
at A in fig. 3 where the pipe top mast leaves the tower. 
The bending moment here should not exceed a certain 
maximum value set by the resistance moment and the 
tensile strength of the material. 

My starting point is a pipe mast of 2-inch (50.8 mm) 
inner diameter with a resistance moment of 0.63 
inches3 (10.25 cm3) that protrudes 10 feet (3 meters) 
out from the lattice mast. From a maximum admissible 
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fig. 4. The completed structure. 

stress of 23,205 pounds/inch2 (160 N/mm' l it follows 
that the maximum admissible lateral force at the top 
of the pipe is 123 pounds (547 l\l). This is the maxi-
mum wind load on antenna plus rotator, if we neglect 
the wind load on the pipe itself for just a moment. 

A second limitation occurs when the mast has been 
tilted to a horizontal position. Again at A, a bending 
moment occurs as the result of the gravitational force 
on the top mast, rotator, and antenna. Taking into 
account the mass of the top mast itself, we find a max-
imum admissible mass of about 99 pounds (45 kg) for 
the rotaior plus antenna. With these numbers, the 
forces in the different parts of the system can be com-
puted. Rather than bore you with the results, only the 
maximum force in the hoist line will be mentioned: 
almost 1,034 pounds (4,600 N), which represents the 
static load. During tilting of the tower, shocks can 
easily occur that considerably increase the force in the 
line. 

construction 

As already mentioned, a hinge has been installed 
at the 20-foot (6 meter) level where the lower and 
upper parts of the tower are joined by flanges. The 
flanges are bolted to steel plates that carry the hinge 
at one edge. 

fig. 5. Lower hinge plate, made of 23/64-inch (9-mm) thick 
steel. The triangular outrigger is fabricated of 1-inch 
(25 mm) diameter steel tubing. The angle iron bracket secures 
the gin pole that is held in place in the half circular cutout. 
The central hole helps reduce the weight (64 pounds/29 kg). 

fig. 6. Upper hinge plate, made of 23/64-inch (9-mml steel. 
The four bolts, welded on. keep the hinge plates together 
when the tower is upright. (Weight: 50 pounds/22.5 kg). 

Figure 5 shows the lower plate and fig. 6 the upper. 
The hinge is fabricated from a piece of 2-inch 
(50.8 mm) steel tube sawed into four parts. These 
were welded, two by two, to both plates. Extra 
strength was provided by welding strips of steel to 
both pipe and plates, as can be seen in fig. 6. The 
hinge pivots around a 1-inch (25-mm) diameter shaft 
with bushings at both ends. One is permanently fixed 
to the shaft; the other is fitted after mounting and 
secured by a bolt and nut that traverse the shaft and 
bushing. 

In the resting position, the two hinge plates are held 
together by four 25/32-inch (20-mm) bolts that have 
been welded to the upper plate and pass through 
oblong holes in the lower plate. Pieces of tubing are 
welded around these holes to keep the plates at the 
proper distance. 

Before tilting the tower, the four nuts must be re-
moved from the bolts on the bottom side of the lower 
plate. 

In my original design one plate lay directly on top 
of the other without any distance in between. To pre-
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fig. 7. Tower in vertical position. The stainless-steel tubes that 
guide the stays through the outrigger can be seen at right. 

vent the bolt heads in the upper and lower plates from 
interfering with each other, the upper part of the tower 
was rotated 60 degrees with respect to the lower part. 
This allowed the bolt heads of one plate to fall direct-
ly into holes drilled in the opposite plate. That 
60-degree rotation has been maintained, though it is 
not necessary in the present construction. But while 
it presents neither advantage nor disadvantage, it does 
lead to an optical illusion: from whatever side the 
tower is viewed, it always seems that the center lines 
of the upper and lower part do not coincide. 

The tower is hinged so that the top mast can be 
reached from the roof of the barn in the back of our 
garden, so it is easy to work on rotator or antenna. 
Figure 7 shows the tower and hinge in its normal posi-
tion. Figure 8 shows it tilted over about 90 degrees. 

The gin pole is a seamless steel tube 20 feet (6 
meters) long and 2,5 inches (60.3 mm) outer diameter; 
its inner diameter is 2 inches (53 mm). The lower end 
is supported by the parts shown in the lower section 
of fig. 9. Figure 10 shows the lower end in position 
on the tower. 

The legs of the tower have a wall thickness of only 
1/16 inch (1.5 mm). To spread the forces exerted by 
the U-bolts, my friend PA0DON fitted half-cylinder-
shaped shells between the U-bolts and the tower legs. 
On the angle-iron bracket, a piece of tubing was weld-
ed over which the gin pole was placed. After moun-
ting, a hole was drilled for a long bolt that pierces the 
gin pole and prevents turning. 

On top of the gin pole a pulley was mounted by 
means of the method shown in figs. 11 and 12. As 
shown, precautions have been taken above and be-
hind the pulley to prevent the hoist line from running 
off. The pulley, made of Novotex,1" has an outer 
diameter of 4.7 inches (120 mm). It rotates around a 
piece of steel tubing of 1.3 inches (32 mm) diameter. 
The steel strips that hold the pulley on top of the gin 

fig. 8. Tower tilted 90 degrees. 

fig. 9. The parts that connect the hoist line to the upper tower 
section are shown above; the support for the gin pole is 
shown below. 

pole also carry bolts for the stays. At the lower end 
the stays are connected with stainless steel turn-
buckles with a breaking strength of 4,271 pounds 
(19,000 N). The lower hinge plate carries a triangular 
outrigger that keeps the stays at the proper distance 
from the middle of the gin pole (fig. 7). To prevent 
chafing, stainless steel tubes have been inserted in the 
outrigger that guides the stays. A nylon bushing in-
side the tubes provides extra protection. 

Stays and hoist line consist of stranded stainless 
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fig. 10. The lower end of gin pole, wi th stays. 

steel cable measuring 0.2 inch (5 mm) in diameter and 
having a breaking strength of 3,147 pounds (14,000 
N). The hoist line ends in a winch with a capacity of 
1,200 pounds (5,338 N) and a reduction of 4.1:1. (If 
I were to build this system again I would select a larger 
reduction). The tower rests on a concrete block, and 
the winch is fitted to this block by three "chemical" 
anchors measuring 0.31 inch (8 mm) (fig. 13). The 
upper end of the hoist line ends halfway up the top 
section of the tower. A bracket of angle iron is shown 
in the upper half of fig. 9. This bracket is mounted 
to the tower legs with U-bolts, and half-cylinder shells 
are installed to distribute the pressure more evenly. 
The hole in the bracket is for a 0.625-inch (16 mm) 
bolt. (The hoist line is fitted to this bolt with parts pur-
chased at a marine shop; I am, unfortunately, unable 
to translate their names into English.) 

The hinge plates and all parts visible in figs. 9 and 
I I have been treated with zinc epoxy followed by two 
coats of aluminum paint. The gin pole, galvanized by 
the manufacturer, was given a coat of rust-preventive 
primer and two coats of aluminum paint. Although the 
tower was also galvanized, some traces of rust were 
visible at the upper end, so the whole thing was also 
treated with rust-preventer and aluminum paint. 

fig. 11. These parts support the pulley on top of the gin pole. 

fig. 12. Pulley in position. 
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fig. 13. The winch is fastened to the concrete block that serves 
as base for the tower. Concrete block is concealed under a 
wooden cover for aesthetic purposes. 

assembly 

The first phase of the operation took place in early 
December, 1983, when the temperature was just 
below freezing. Our object was to take down the upper 
part of the tower, the top tube mast, the rotator, and 
the 2-meter beam. The gin pole was f i t ted temporari-
ly to the tower. Because the hinge plates were not yet 
in place, the gin pole was tied to the upper end of the 
lower section wi th rope. The hoist line was also fitted. 
Using the winch, we gently lowered the upper part 
of the tower to ground. Now the holes in the flanges 
could be transferred to a template to be used later in 
drilling the holes in the hinge plates. 

fig. 14. High level work: Jos (PA3ACJI and SWLs Bert and Ed. 

Final assembly and rigging of the tilt-over conversion 
occurred in mid-May, 1984, under more favorable 
weather condit ions. Everything fit exactly, and it was 
a real pleasure to see the converted tower come 
together step by step (fig. 14). 

acknowledgement 
My sincere thanks to Ber van Dongeren, PA0DON, 

for his superb realization of my design. No operation 
like this can be performed without helpers: Piet de 
Bondt, PA3BGP; Jos Disselhorst, PA3ACJ; Ton 
Verberne, PA2ABV; Ben van Capel, PE1KCG; Gerrit 
van Zwam, PE1KAX, and SWLs Jo Chin-Chan-Sen, 
Bert Kraan and Ed Wassenburg helped disassemble 
the original tower and erect the new one. 

ham radio 

Invitation to Authors 
ham radio welcomes manuscripts from authors all 
around the world. If you have an idea for an article 
you'd like to have considered for publication, send for 
a free copy of the ham radio Author's Guide. Address 
your request to ham radio, Greenville, New Hampshire 
03048 (SASE appreciated). 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

FOR SALE: Ham station, Swan 350-C, power supply-speaker, 
Heath Watt-SWR meter, Heath electronic keyer, Ham-M meter 
and rotator, 40 ft steel tower and 3 element beam. Best offer. 
Write Ms Virginia Ingham, 2B36 Forest Park Blvd., Ft Worth, 
TX 76110. 

CX7 REPAIRS. 414-549-9210. 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft, PO Box 412, W. Sand Lake, NY 
12196. 

CABLE TV EQUIPMENT. Jerrold, Hamlin, Zenith, many 
others. Factory units/lowest dealer prices. Complete illustrated 
catalog $2.00. Pacific Cable Co., Inc., 7325V? Reseda Blvd., 
Dept 1001, Reseda, CA 91335. (818) 346-5071. 

ELECTRONIC CMOS keyer kit pcb & parts only $9.95 plus 
$1.50 shipping. Wl res. add 5 % tax. Send for free informa-
tion. Bel-Tek, PO Box 125H, Beloit, Wl 53511. 

CUSTOM MADE embroidered patches. Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Dept. 301, 4202 N. 
Drake, Chicago, IL 60618. 

AWARDS DIRECTORY $1.00 brings information. Refundable. 
Updated monthly. Computerized. Worldwide. List your awards 
free. Over 1000 now in files KBSZP. RR#1B, Cumming, IA 
50061 

EQUIPMENT SALE. HAL DS2000 KSR RTTY/CW keyboard 
$100. Panasonic 9" monitor $80. Collins SM280 microphone 
$60 Six good used 4-400A's $20. each. TR3/AC3/MS4 $120. 
1.6 kHz S-Une filter $40, 4-1000A and parts lor amp. Mike 
Palmer, K5FZ, 16707 Creeksouth, Houston, Texas 77068. 
(713) 444-7737 

CUSTOM EMBROIDERED Emblems — Cloisonne' enameled 
pins, your design, low minimum, excellent quality, free booklet. 
A T Patch Co., Dept. 65, Littleton, NH 03561. (603) 444-3423. 

Tl 99/4A random, text, keyboard, send, receive code prac-
tice programs Dr Code "Generar sends International Morse 
code and prints on screen; you choose, speed, tone, which 
characters to be send, spacing, and more! Dr. Code "Speech" 
same as "Genera l " with speech; you choose how many 
characters before speech check. For cassette of both copy-
righted programs and conditional copying privileges, send 
$10.00 plus $3.00 shipping arid handling to N5ESF, Rt. 1, Box 
1326, Lake Charles, LA 70601. Phone (318) 436-2048. no col-
lect calls please Satisfaction or money back, 

OST Magazines. 271 of them about 200 lbs. 1930, 1933 
through 1940 solid, 1952 through 1965 solid. Best offer for 
the whole works only. W2LTJ, 

FREE CATALOG of books lor electronics professionals and 
hobbyists. Send SASE to Technical Advice, P.O. Box 4757, 
Englewood, Colorado 80155. 

NEW low frequency products by K1RGO. L-101 VLF converter 
(2 kHz to 500 kHz), A M broadcast rejection 100 dB, i-l rejection 
130 dB. L-201 VLF fixed tuned preamplifier (2 kHz to 500 kHz), 
25 dB gain (adjustable). Free brochure. LF Engineering Co., 
17 Jatfry R d „ East Haven, CT 06512. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. 
SASE brings information. 

CHASSIS and cabinet kits. SASE K3IWK, 

IMRA, International Mission Radio Association, helps mission-
aries Equipment loaned. Weekday nel. 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmont, NY 10538. 

WANTED: Old microphones, remote mixers other misc related 
items. All pre-1935. Box Paquelte, 107 E. National Avenue, 
Milwaukee, Wl 53204. 

ELECTRON TUBES: Receiving, transmitting, microwave . . 
all types available. Large stock. Next day delivery, most cases. 
Daily Electronics, PO Box 5029, Compton, CA 09224 (213) 
774-1255. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY, Cardifl, CA 92007. 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed, $41.00. Send 
stamp for details W8UUR, 1025 Wildwood Road, Quincy, Ml 
49062. 

Foreign Subscription Agents 
for H a m Radio M a g a z i n e 

Ham Radio Austria 
Kauri Ueber 
Post fact) 2454 
D-7850 Loerrach 
West Germany 
Ham Radio Belgium 
Stereohouse 
Srusselsesteenweg 4)6 
B-9210 Gem 
Belgium 

Ham Radio Holland 
Postbus 413 
NL-7800 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2094 
S-194 02 Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
France 

Ham Hadio Germany 
Karin Ueber 
Posttach 2454 
D-7850 Loerrach 
West Germany 

Canaaa 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices in Canadian lunds 
1 yr $29.95. 2 yrs $53 30 
3 yrs. $75 40 

Ham Radio Italy 
Via Pordenone 17 
I-20132 Milano 
ilaly 

Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 

Ham Radio England 
c/o R S G 8 

Alma House 
C'andome Road 
Potters Bar 
Hens EN6 3JW 
England 

Holland Radio 
143 Greenway 
Greenside, Johannesburg 
Republic of South Africa 

Coming Events 
ACTIVITIES 
"Places to go..." 

INDIANA: Hamfest and Computer Show. Sunday, June 9. 
Sponsored by the Muncie Area Amateur Radio Club. 8 AM 
to 3 PM. Rain or Shine. Delaware County Fairgrounds. Tickets 
£2.00 advance. $3.00 at door. Large Flea Market. Overnight 
camping on grounds. Hookups $5.00. Talk in on 146.13/.73. 
For tickets, table reservations or information: SASE to 
MAARC, PO Box 2102, Muncie, IN 47302. 

OHIO: The Athens County Amateur Radio Association's sixth 
annual Hamfest and Computerfest. Sunday, May 19, City 
Recreation Center, East State Street, Athens. 8 AM to 3 PM. 
Admission $3.00. Free paved outdoor tailgating or bring your 
own tables. Indoor space by advanced registration only. Con-
tact Joe Follrod, NE8R, 15 Roy Avenue, The Plains, OH 
45780. (614) 797-4874. This year there will be all level license 
exams. Mail completed FCC Form 610 and $4.00 check pay-
able to ARRL/VEC to John Cornwall, NC8V, exam coordinator, 
101 Coventry Lane, Athens, OH 45701. Forms must be re-

ceived by April 19. Talk in on club repeater 146.34/.94. For 
information. Carl J. Denbow, KA8JXG, Chairman, ACARA 
Hamfest Committee, 63 Morris Ave., Athens, Ohio 45701. 

LOUISIANA: The Central Louisiana ARC (CLARC) will 
sponsor a Hamfest, Saturday and Sunday, June 8 and 9, 
Bolton Avenue Community Center, 315 Bolton Avenue, 
Alexandria. Free admission. Swap tables available. VEC 
exams. Talk in on 147,93/33 or 146.04/64. For more informa-
tion: CLARC, PO Box 7772, Alexandria, LA 71306. 

GEORGIA: The John Ross Amateur Radio Club's annual 
Hamfest, June 8 and 9. New location — Lakeview — Ft, 
Oglethorpe High School, Ft. Oglethorpe on Hwy. 2A, Air con-
ditioned dealer spaces. Indoor/outdoor flea market. Tables 
available FCC exams both days Refreshments and plenty 
of free parking. Talk in on 145.35/down. For reservations and 
information: JRARC. PO Box 853. Rossville, 6 A 30741. (404) 
861-5610. 

MICHIGAN: The Chelsea Swap and Shop, Sunday, June 2, 
Chelsea Fairgrounds. Gates open for sellers at 5 AM. General 
public 8 AM lo 2 PM. Donation $2.50 advance or $3.00 at gate. 
Children under 12 and non ham spouses admitted free. Talk 
in on 146.520 simplex and 147.255 Chelsea repealer. For in-
formation: William Altenberndt, 3132 Timberline, Jackson, Ml 
49201. 

MINNESOTA: The North Area Repeater Association will 
sponsor the state's largest swapfest and exposition, Satur-
day, June 1, Minnesota State Fairgrounds in St. Paul. Free 
overnight parking for self-contained campers May 31. Exhibits, 
dealers, giant flea market. Amateur license exams given. Ad-
mission $4 in advance, $5 a l Fair. Talk in on 25/85 or 16/76 
repeaters. For tickets, information. Amateur Fair, PO Box 857, 
Hopkins, MN 55343. (612) 566-4000. 

MARYLAND: The Maryland FM Associat ion's annual 
Hamfest, Sunday, May 26. Howard County Falrgounds, West 
Friendship, I-70,30 miles west of Baltimore. Gate opens 8 AM 
to 4 PM. Inside tables by advance registration $6.00. At the 
door $10.00 if available. Donation $3.00. Talk in on 146.16/76, 
222.16/223.76, 449.1/444.1. For tables or information: Craig 
Rockenbauch, WA3TID, 429 Severnside Drive, Severna Park, 
MO 21146. (301) 987-6042 (6-10 PM). 

GEORGIA: The Anderson, Hartwell and Toccoa Amateur 
Radio Clubs will hold the 6th annual Lake Hartwell Hamfest, 
May 18 and 19, Lake Hartwell Group Camp, Highway 29, 
Hartwell. Free admission, free camping, and free flea market 
space. Left footed CW contest, horseshoes, fishing, swimming 
and camping available on site. Campgrounds open 6 PM 
Friday. Talk in on 146.19/.79, 147.93/ 33 and 146.895/ 295. 
For further information: Ray Pettit, WB4ZLG, Rt. #1, Dooley 
Drive, Toccoa, GA 30577. 

MARYLAND: The Frederick Amateur Radio Club's 8th annual 
Hamfest, June 16, Frederick Fairgrounds. Admission $3.00. 
YL's and children free. 8 AM to 4 PM. Tailgaters $2.00 extra. 
Gates open for exhibitors 8 PM June 15. Overnighl parking 
welcomed. Tables $10.00 first, $5.00 each extra. For informa-
tion: Jim Kasunic, KA3LPC, 9419 Highlander C t „ Walkersville, 
MD 21793. 

ILLINOIS: The Chicago Amateur Radio Club (CARC) is spon-
soring a Mini Hamfest, Wednesday, May 15, 6 to 10 PM, 
Edgebrook Golf Course Fieldhouse, 5900 N. Central Avenue, 
Chicago. (North of Elston Avenue, south of Devon Avenue). 
For more information: (312) 545-3622. 

NEW HAMPSHIRE: The 11th annual Eastern VHF/UHF Con-
ference, May 17-19, Rivier College, Nashua. Friday night 
hospitality room. Saturday tech talks by well-known VHFers. 
Pre-registration $13.50 to David Knight, KA1DT, 15 Oakdale 
Avenue, Nashua, NH 03062 before May 5. Registration at the 
door $20.00. Saturday night banquet $14.00 payable before 
May 5. Dormatory housing available, $16.50 per night single, 
$28.00 per night double, includes buffet breakfast Include 
payment at l ime of pre-registration. Make checks payable to 
Eastern VHF/UHF Conference. There are also numerous 
hotels and motels nearby. For information: Lewis D. Collins, 
W1GXT, 10 Marshall Terrace, Wayland, MA 01778. (617) 
358-2854 (6-10 PM) 

OHIO: The 5th annual Columbus Hamfest sponsored by the 
Battelle Amateur Radio Club, Sunday, June 2 , 8 AM to 3 PM 
Ganyard Building on Franklin County Fairgrounds. Admission 
$2 advance and $3 at the door. Advance tables $3; at the door 
$4. Talk in on 146.37/97 For information Bill, W8LLU (614) 
261-7053 or Kevin, WASOHI (614) 766-5313. Advance sales 
SASE to Bill Welch, W8LLU, 396 Brevoort R d „ Columbus, 
Ohio 43214, 

OHIO: The Sandusky-Ottaway Counties annual Hamfest, May 
19, 8 AM to 3 PM. Ottawa County Fairgrounds, St. Rt. 163 
east of Oak Harbor Donation $3.00 at gate, $2.50 advance. 
Tables $3.00. Gate opens 6 A M for dealers and 8 AM for 
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general public. Trunk sale (donation 50<t), plenty of parking, 
food and refreshments. To reserve tables: Raymond Kfuse, 
K8IDA, 18980 W. S R . 51, Elmore, Ohio 43416. (419) 862-2619 
(8 AM • 5 PM). 

PENNSYLVANIA: The Warmister ARC Hamfest, May 19, 
Middlelown Grange Fairgrounds, Penns Park Rd , Wrights-
town (about 15 miles north of Phila ) Admission $3.00 XYLs 
and children free. Indoor space with table and elec $5.00. 
Tailgating space $5.00. Gates open 7 AM. Talk in on 147.69/09 
and 147.52. Computer hardware/software vendors welcome. 
For information: Bill Cusick, W3GJC. Apt. 706, Garner House, 
Hatboro, PA 19040. (215) 441-8048. 

NEW YORK — L o n g Is land: The Suffolk County Radio Club's 
Indoor/Outdoor Electronic Flea Market, Sunday, May 5 . 8 AM 
to 3 PM, Republic Lodge No 1987, 585 Broadhol low Road 
(Rt. 110) Melvil le. Refreshments and plenty of free parking. 
General admission $2.00. Wives and chi ldren under 12 free. 
Indoor seller's tables $7.00 Outdoor space $5.00 includes one 
free admission. Talk in on 144.61/145.21 and 146.52. For in-
formation: Richard Tygar, AC2P. (516) 643-5956 evenings. 

NEVADA: The 10th International Convention of the YLRL will 
be held June 20, 21, 22 and 23 at the Sahara Hotel, Las 
Vegas. Deluxe accommodat ions and RV parking available at 
reasonable rates Activit ies include a Hoover Dam tour, Lake 
Mead cruise, desert tour, gala stage show, cocktai l party, 
luncheon buffet and awards banquet plus a DX YL show, slide 
shows and business meetings. A convent ion station will 
operate on 14,288 kHz and other frequencies. Registration 
forms are to be found in recent issues of YLRL's "Harmonics" 
For information packet send business SASE with 2 oz of 
postage to Jan Weaver , N7YL, 2195 East Camero Avenue, 
Las Vegas, NV 89123. 

NEW JERSEY: The Tri-County Radio Association's Hamfest, 
Sunday, May 19, rain or shine, Passaic Valley Communi ty 
Center off Val ley Road, Stirling. 9 AM to 4 PM. Indoors, free 
parking, refreshments. Tables $10. Registration $2.50. 
Reserved tai lgating only. All reservations to: Dick Franklin, 
W2EUF, PO Box 182. Westfleld, NJ 07090 (210) 232-5955 
or 270-3193. 

SOUTH DAKOTA: The Black Hills Amateur Club is celebrating 
its 50th anniversary by sponsoring the 1985 ARRL Dakota Divi-
sion Convention, July 5, 6, 7, Howard Johnson 's (I-90, exit 
59) Rapid City. Registration Friday from 4 to 7:30 PM followed 
by a social hour. Saturday exhibits, registration, indoor f lea 
market (free tables whi le they last) ladies' activit ies and fun 
for the whole family. VE exams (limited walk-ins) 1 PM. 
Banquet at 7 PM Sunday brunch at 8:30 followed by the ARRL 
forum. Exhibits will be open. Pre-registration & banquet 
$18.00. Pre-registration only $6.50. Must be made prior to 
6/10/85. Addit ional banquet t ickets $12.50. Sunday brunch 
$6.75, children 12 and under $3.75. Registration after 6/10/85, 
$7.50. Make check payable to Black Hills ARC, c/o Gene F 
Bauer, KXUU, 713 Blaine Avenue, Rapid City, SD 57701 Con-
firmation by return mail. 

WISCONSIN: The Central Wisconsin Radio Amateur's annual 
Swapfest/Family Picnic, June 16, Bukott Park, Stevens Point. 
Swapfest will feature volunteer exams (by advanced registra-
tion only), dealers, food, refreshments and fellowship. Tables 
and tai lgating $2 00. Talk in on 146.07/67 and .385/985. For 
further information: J im Benak, KA9ACE, 1775 Strongs 
Avenue, Stevens Point, W l 54481 To register for exams (by 
May 16)' Gene Santoski, K9UTQ, 1220 - 18th Street South, 
Wisconsin Rapids, W l 54494 

KENTUCKY: The Armored Force Amateur Radio Nationwide 
Emergency Team (A FAR NET) will hold an Eyeball Bivouac, 
June 7 -9 , at the Best Western Gold Vault Inn in Radcliff , just 
outside Fort Knox. Campers will use the Fort Knox camp-
ground at Camp Carlson. On Friday, June 7, there will be an 
informal picnic. Saturday, the group will take a guided bus 
tour of Fort Knox ending at the Patton Museum. Saiurday 
evening's cocktai l party is fol lowed by dinner at 8 PM There 
will be a farewell breakfast Sunday morning. For addit ional 
information contact Car l Quickmire, WB4UBS, 6341 Clover-
dale Drive, Columbia, SC 29209. Any Amateur Radio operator 
who has ever served with or been assigned to an armored 
unit of the U.S. armed forces or its allies is eligible tor member-
ship in A FAR NET. Family members holding an Amatuer 
l icense are eligible for associate memberships. Anyone in-
terested in joining this unique organization can obtain infor-
mation and an appl icat ion f rom Harry B Thomsen, W2PJH, 
348 Jefferson Avenue, Apt. 15, Canandaigua, NY 11424. 
Please include business SASE. 

PENNSYLVANIA: The 31st annual Breeze Shooters Hamfest, 
Sunday. June 2, 9 AM to 5 PM, White Swan Amusement Park, 
Rt 60 near Greater Pi t tsburgh International Airport. Free ad-
mission and flea market. Family amusement park. Registra-
t ion $2.00, 3 for $5.00 or 7 for $10.00. Vendors tables by ad-
vance registration Talk in on 146.28/.88 or 29.000 MHz. For 
information: John Colbert, K3SDL, 1831 Highland Ave., Irwin, 
PA 15642. (412) 863-5167 evenings only 

COLORADO: The Longmont Amateur Radio Club 's annual 
Boulder Spring Hamfest. Sunday, May 5, 9 AM to 2 PM rain 
or shine, Colorado National Guard Armory, 4750 North Broad-
way, Boulder. Donation $3 per family. No sellers charge but 
bring own tables . . . Hamswap, plus tech demonstrat ions and 
seminars. Food and drink available. Talk in on 146 16/ 76 and 
146 52 For information: Wil l iam Currie, WD0EHJ, 1232 East 
Fourth Ave.. Longmont, CO 80501. (303) 776-2829. 

NEW YORK: Long Island Hamfair sponsored by LIMARC, 
Sunday, June 9. 9 AM to 4 PM, Electricians Hall, 41 Pinelawn 
Road, Melvil le, Long Island. General admission $3.00 $2.00 
after i PM Table space in advance from Hank Wener, 
WB2ALW, 53 Sherrard St., East Hills, NY 11577-1712. 4 x 6 ' 
table space $10.00 or your own for $6.00. Contact Hank at 
(516) 484-4322 evenings to 11:30 PM. 

INDIANA: The 39th Annual Hamfest sponsored by the 
Wabash Valley ARA, Sunday, June 2, Vigo County Fair-
grounds, Terre Haute For information SASE to WVARA, PO 
Box 81, Terre Haute, In 47808 

CONNECTICUT: Flea Market, sponsored by the Newington 
Amateur Radio League, June 9, Newington High School, 9 
AM to 2 PM. Admission $2.00. Tai lgat ing $5.00. Talk in on 
146 52 or W1AW/R 145 450, 224.840. 

NEW YORK: The Rome Radio Club's 33rd annual Ham Family 
Day, Sunday, June 2. Beck 's Grove in Rome. Games, con-
tests and large Flea Market. Good food and beverages availa-
ble throughout the day. Educational and scientif ic presenta-
tions The day will end with dinner and the presentation of 

Ham of the Year Award " . For further information: Rome 
Radio Club, PO Box 721, Rome, NY 13440. 

NEW YORK: The 26th annual Southern Tier Amateur Radio 
club's Hamfest, Saturday. May 4, Treadway Inn, Owego. Flea 
market opens 8 AM Vendor displays and safes Dinner at 6:30 
PM by advance t ickets only. Talk in on 22/82, 16/76 and 
146.52. For further information SASE to KF2X, RD #1. Box 
144, Vestal, NY 13850. 

NEW YORK: The Ant ique Radio Club of Amer ica will hold an 
international convent ion at Niagara Falls, June 5-8. The club 
has 1000 members who collect and restore antique wireless 
and radio equipment and who study and record the history 
of early radio. For information on the convent ion or member-
ship in ARCA please wri te NFWA, PO Box 68, Central Park 
Station, Buffalo. NY 14215. 

WASHINGTON: The Yak ima Amateur Radio Club will hold 
the Central Washington State Hamfest, May 18 and 19. Hobby 
Building at Central Washington State Fairgrounds, Yakima. 
Saturday 9 to 5 wi th lunch available Sunday 7 to 2 with 
breakfast and lunch available. Registration $4.00 advance. 
$5.00 at the door. Free swap and shop wi th plenty of tables. 
Talk in on 146 01/61 and 146 34794. For pre-registration con-
tact Tom Plaisance, PO Box 9211, Yakima, WA 98909. 

OPERATING EVENTS 
"Things to do..." 

MAY 5 A N D 5: The Mason County ARC will operate com-
memorative stations KB7MJ and W7KTI on SSB, KN7D RTTY 
and K7UAR on Packet to celebrate the Sheltori, Washington. 
Centennial. Certif icates will be exchanged tor a QSL card and 
9 x 1 2 SASE. Send to Loren Mercer, KA7GSV, 2213 Olympic 
Hwy. North, Shelton, W A 98564. 

JUNE 2: SRRC Hamfest, Princeton, Illinois. Plans include 
FCC/VEC exams. Registrations $2,50 before May 20, $3.00 
June 2. For advance registrations and/or complete informa-
tion, furnish a long SASE to Starved Rock Radio Club, 
W9MKS, RFD # 1 , Box 171, Oglesby, Illinois 61348 (815) 

667-4614. 

JUNE 1 A N D 2 : The Soulhside Amateur Radio Club will 
operate station N0EWP in honor of President Harry Truman's 
101st bir thday The station wil l operate near the old Truman 
farm home in Grandview, MO dur ing the annual "Har ry ' s 
Heydays" celebration. For a commemorat ive certificate send 
9 x 1 2 SASE wi th 33« postage to Southside ARC, PO Box 
412, Grandview, M O 64030. 

MAY 4: The Sand Hills Amateur Radio Club will operate KZ8M 
dur ing a DXpedit ion to Moscow, KS to commemorate May 
Day. For a special OSL SASE via Box 88, Moscow, KS 67952. 

MAY 25 : The Bay Area Amateur Radio society, Pasadena, 
Maryland, will operate KM3I and KA3HKB to commemorate 
" S a m u e l F . B Morse Day" For a special certif icate send QSL 
and large SASE lo B.A.A.R.S., PO Box 805, Pasadena, M D 
21122-0805. 

CO CONTEST: VHF 'e rs please note! The first annual C O 
World Wide VHF WPX Contest is July 20-22. 60 thru 1296 

MHz. For details, logsheels, etc., wri te to SCORE, PO Box 
1161, Denville, NJ 07834 or to CQ Magazine. We need your 
entry to make this a success. 

H A Y 18: ARRL/VEC License Exam at 9 AM, United Communi-
ty Services Bui lding (Red Cross), 39 North Park Street. 
Mansfield, Ohio. Send SASE, 610 and check for $4 payable 
to ARRL/VEC to Peggy Boyle, KC8NH, 1464 Mar ion Avenue 
Road, Mansfield, Ohio 44906. 

MAY 18 AND 19: The Amateurs of L ima and Allen County. 
Oh io will commemorate the discovery of oil in Lima. Stations 
part ic ipat ing will s ign /OIL and operate in the Novice, 
Technician or General portions of the bands. For a certif icate 
SASE to Northwest Ohio ARC, PO Box 211, Lima, Ohio 45801. 

J U N E 1: The Wireless Institute of Northern Ohio (W.I.N.O.) 
wil l be operating a special event station from an actual winery 
in Madison. Ohio to commemorate Ohio Wine Month. Listen 
for K 0 8 0 Saturday evening 7 and 1 1 P M EDST and Sunday 
11 AM to 3 PM EDST. A special 8V2 x 11 QSL certif icate wil l 
be available f rom K 0 8 0 — WINO Weekend, 7126 Andover 
Drive. Mentor. Ohio 44060 

J U N E 8: Tri City ARC will operate W7VPA from Ice Harbor 
D a m the highest lift navigable locks in the United States. 
Operation will be from 1700 lo 2400Z. For a special OSL SASE 
to W7VPA, PO Box 73, Richland, WA 99352. 

MAY 10: The Owensboro ARC will operate K4HY from 00002 
to 0530Z May 11 to celebrate their International BBQ Festival. 
Cert i f icate for SASE via N4EKG, 1615 East 23rd Street, 
Owensboro, KV 423Ot 

THE ARRL 
ANTENNA 

COMPENDIUM 
This new League publication will consist 
of over 20 antenna articles never pub-
lished before. Availability will be in late 
May — just in time for your warm-
weather antenna work! Watch OST for 
details. 

Other books on antennas available from 
ARRL: 

The ARRL Antenna Book 14th Edition, 
copyright 1982. 328 pages of compre-
hensive antenna, propagation and trans-
mission line fundamentals. $8.00 U.S., 
$8.50 elsewhere. Cloth edition $12.50 
HF Antennas for All Locations, copyright 
1982. From RSGB, 264 pages. $12.00 
Antenna Anthology The best hf antenna 
articlestakenfrom OST. Copyright 1978, 
148 pages. $4.00 U.S., $4.50 elsewhere. 
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products 

new IC-735 HF transceiver 
ICOM has announced the IC-735 ultra com-

pact all-ham band HP transceiver and general 

coverage receiver, said to be the most compact 

and advanced HF SSB unit on the market. 

Measuring only 3.7 inches high by 9.5 inches 

wide by 9 inches deep, the IC-735 is suited for 

mobile, marine, or base station operation. 

To enhance receiver performance, the IC-735 

has built-in receiver attenuator and preamp. It 

also has a 105-dB dynamic range and a new low-

noise phase locked loop for rock-solid reception. 

The IC-735 features a large LCD readout and 

conveniently located controls that allow simple 

operation, even in the mobile environment. VOX 

controls, mic gain, and other infrequently 

changed controls are kept out of sight behind 

a hatch cover on the front panel of the radio, 

but are immediately accessible. 

Other standard features included at no addi-

tional cost are: built-in FM, a 500-Hz C W filter 

(FL-32), an electronic CW keyer, an HM-12 scan-

ning mic, F M / C W / L S 8 / U S B / A M (TX and RX). 

12 tunable memories wi th l ithium memory 

backup, and both program and memory scan. 

Adjustable AGC, automatic SSB selection by 

band, an RF speech processor, and 12 volt oper-

ation are also standard. Output power is continu-

ously adjustable up to 100 watts. 

A new line of accessories, including the AT-

120 automatic programmable antenna tuner and 

the PS-55 power supply, will also be available. 

The IC-735 is also compatible wi th most of 

ICOM's existing line of HF accessories. 

The IC-735 will be available in May, 1985, and 

pricing will be announced the end of Apri l . The 

IC-735 will be displayed at the Dayton Hamfest. 

For additional information, contact ICOM 

America, Inc., 2380-116th Avenue, N. E., 

Bellevue. Washington 98004. 

Circle /301 on Reader Service Card. 

PV voltage regulators 
Photocomm, Inc., of Scottsdale, Arizona, has 

announced new design features on its Power 

Control Series voltage regulators for photovoltaic 

applications. 

A removable printed circuit board has been 

incorporated to simplify servicing and repairs; 

spare boards can also be purchased separately. 

These regulators now have a 30-amp load hand-

ling capability that allows for up to 12 40 wat t 

solar modules in parallel to be control led simul-

taneously. This benefit helps to lower overall 

system cost by using fewer regulators. 

Electronics Supply 
1508 Mc Kinney 

Houston, fexas 77010 
Call (or Quotes 

713-658-0268 
EQUIPMENT 

K E N W O O D - W o s tock t h e K E N W O O D l i ne I n c l u d i n g t h e 

n o w p r o d u c t s t h e TS-711A 2 m e l e r a l l m o d e t h e IS-S11A 

7 0 c m a l l m o d e a n d t h o 1S-S70 a l l m o d e tor 40 . 15. ( 0 

a n d 6 m e t e r s These n o w r igs m a t c h t h e IS-43GS a n a 

m a k e b e a u t i f u l a d d i t i o n s t o a n y s h a c k W e a l s o h a v e 

t h e n e w Uti le n o n o - n e l d « q i t h e I H 2 1 A 1 a n d JH41 AT 

CALL FOR PRICES 

K E N W O O D S W l R-2000. R-1000. R-600 ». I I I t CALL 

K E N W O O D IS 930S a n a TS 430S CALL 

I C O M 0?AT 2 9 9 9 5 

VAESU F1203R CALL 

MIRAGE AMPS loss 12% 

D E N t R O N G i t 1000 1KW PEP t u n e r 174 9 5 

I C O M H - 7 1 A 0 4 9 9 5 

CES 510 SA SMART PATCH 3 4 9 9 5 

SPECIAL 
KENWOOD T R 2 6 0 0 A 
SPARE PB-26 BATTERY PACK 

FREE with purchase 
HMC-I HEADSET 519.95 with TB2600A purchOlO 

Standard features include temperature com-

pensation, low voltage disconnect, analog meter 

package, transient protection and adjustable 

voltage setpoints. The controller is housed in a 

NEMA 3R weather-proof enclosure. 12 and 24 

volt units are available off the shelf; oiher voltage 

units (36, 48, and 120 volts) can be provided 

upon request. Special options include Array 

Power Diversion, Manual Array Switching and 

a Severe Environment Package. 

For further information, contact Photocomm, 

Inc., 7735 E. Redfield Road, Scottsdale, Arizona 

85260. 

Circle #302 on Reader Service Card. 

multi-mode tuning indicator 
Get on frequency quickly and accurately wi th 

the new HAL SPT-1 "Spectra-Tune" multi-mode 

tuning indicator. Tha SPT-1 may be used in the 

following modes of operation: RTTY (high tones) 

and RTTY (low tones), Fascimile (FAX), Slow-

Scan Television (SSTV) and Morse Code (CW). 

The frequency spectra of the received signal is 

displayed on a calibrated linear 40-segment red 

LED bar graph. The front panel calibration con 

trol allows the selection of which 1000 Hz range 

ACCESSORIES 
FLUKE n a u t o d i g i t a l m u l t i m e t e r 114 9 5 
BENCHEii less 10% 

V I B f l Q P l f x less i o % 
H f l I S O U N D les t 109;, 
DAIWA NEW MEIERS CALL 
G O R D O N WE St c o d e t a p e s I f l r e a t ) 9 9 5 

H I - M O U N D Keyer b a d d i e s less 10% 
ALPHA DELIA M A C C 8 s u r g e n r o t e c t o r 71 9 5 

AMPHENOl 
8 3 1 1 c o a . t e e 4 0 0 

PI 2M> 3 3 1 SP 1 ?S 

US-1?t> r e d u c e r R G O O T G W 3 0 

4 4 0 0 N m a t e lo SO 2 3 9 6 00 
2 9 0 0 BNC m a l e to SO 2 3 9 4 0 0 

0261 N m a t e 3 0 0 

83 10 « C A to s o 2 3 9 3 0 0 
82-97 N tG tna 'e Chassis 3 0 0 

ANTENNAS 
BARKER » WILL IAMSON A n t e n n a s less 10% 
BUITEKNUI MF 2 V 80 n 4 0 m i l 126 00 

BUllERNUT Hi tj'-j 60 t h i u 10 125 0 0 
BUHERNUI a c c e s s o r i e s s t o c * * ca l l 
AEA ISOPOLf 144 39 9 b 
HVGAIN CALL 

IARSEN CALL 
HUSH ER 6BTV VERTICAL I t 9 95 
CUSHCRAFI A14? 11 4 0 US 

?1!)WB N E W " 2 m i l b e a m >9 95 
A O P 1 c o m p l e t e OSCAR A n t e n n a 1.19 

w e h a v e a l a r g o CUSHCRAFI inven to ry 

HUS1IER C A I t 

A M I E C O 2mtr 6/8 m a g m o u n t 24 9 1 

K I M K734A 3 4 9 95 

k l M is a l w a y s m stocs l a r g e s e l e c t i o n o t Hf v m uhi-
& WORLD CLASS C A l l 

NEW 
WM. NYE MB-V-A TUNER 

3KW. rating. Back III molora. 
RMS reading lo 3KW, better ih ls ld lng, 

higher vol tage caps. 
UST $585,00 SALE $509.00 

NEW! NEW! NEW! 
AEA CP-lOO INTERFACE 
IMPROVED FILTERING & FEATURES 

UST $369.95 SALE $319.95 
TRADE IN YOUR C M cal l foi de la l l i 

USED AEA C I M 125 0 0 

POLICIES M A S t f S C A I J D VISA C O D 
Al l p u c e s f o b Hous ton TX e * c e o l a s n o t e d Pr ices s u b 

loc t to c h a n g e w i t h o u t n o n c e s u b j e c t l o p n o i s a l e u s e d 

g e a r sa le o n c e r e t u r n e d it no t sa l is t ied te«as residents 

s u b j e c t to s a l e s l a * i s 2 1 0 

1-800-231-3057 
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products 

from 300 Hz to 3000 Hz is to be displayed. Best 
of all, hookup is very simple - and audio input 
line from the receiver/transceiver and a +12 
VDC line are all that's required for operation. The 
SPT-1 comes with a one-year limited warranty. 

The SPT-1 Spectra Tune is priced at $169.00. 
For more information, contact HAL Com-

munications Corporation. P.O. Box 365, 
Urbana, Illinois 61801. 

Circle #303 on Reader Service Card. 

KENPRO rotator products 
The KENPRO brand line of rotators and 

accessories — including the KR 400 and KR 500 
pair of rotators for satellite and space communi-
cations - are now available from Encomm, Inc. 
Also available are the KR-600RC medium-duty 
and the KR-2000RC heavy-duty units for use on 
the U.S.A. voltage system. 

For further details, contact Encomm, Inc., 
Suite 800, 2000 Avenue 'G', Piano, Texas 75074. 

Circle 1304 o n Reader Service Card. 

VHF and UHF transmitter 
and receiver modules 

Hamtronics, Inc. recently announced com-
mercial versions of its popular high-band and 
UHF FM transmitter and receiver modules, FCC 
Type Accepted under parts 15, 22, 74, and 90. 
The TA-51 VHF transmitter and the TA-451 UHF 
transmitter are each capable of operating at 2 
watts continuous duty and up to 3 watts inter-
mittent service. The companion R144 and R451 
receivers leature high sensitivity and superior 
front-end and IF selectivity, automatic frequency 
control, and hysteresis squelch to lock onto drift-
ing or fading signals. 

The Hamtronics* transmilter and receiver 
modules are supplied as printed circuit board 
assemblies that can be housed in a variety of 
ways and adapted to many applications. The 
low-cost units are suitable for use in voice and 
data links to replace phone lines, for remote con-
trol, for wireless alarm systems, for telemetry, 
for monitor receivers, and for many other appli-
cations. 

Other Hamtronics® products of interest include 
"202" type FSK modulators and demodulators 
to provide digital data operation yvith FM trans-
mitters and receivers, low-noise receiver pre-
amps, 806-MHz band scanner converters, VHF 
A M receivers, repeater CORs, CWIDs, simplex 
and duplex autopatches, DTMF control and 
many other products related to VHF and UHF 
t ransmiss ion a n d recep t ion . 

For a copy of Hamtronics' new 40-page 
catalog, contact Hamtronics, Inc., 65-F Moul 
Road, Hilton, New York 14468 9535. (For 
overseas mailing, send $2 or 4 IRCs.l 

Circle /118 on Reader Service Card. 

m WORLD WIDE AMATEUR RADIO SINCE 1950 
Your on* tourcs for all Radio Equipment! 

For the bos I buys in town call: 
212-925-7000 

Los Precios Mas Bajoa en 
Nueva Yorfc 

I MAY We Help You With the BmI In 
Commaieial and Amatauf Radios? Jan 
KB2AV. Tanl. Kitty WA20AP. Mark K2CON 

KITTY SAYS: WEAfl£ NOWOPEN 7 0AYSA WEEK 
Sa tu rday & Sunday 10 to 5 P.M. 

Monday Fndny $ 10 6:30 PM Thurs. to 6 PM 
Comp to Barry's, lor Iho best buys in (own 

ONV Salnty 
U siock Q i c o M 

in RHA. IC 7*)1, iCMfj It. ?/A.'M iC 37A 
It; 4M. fc I C - 3 2 0 0 A . IC-4/14AIH, IC-7-Tj 

KENWOOD 

AEA 144 MM* 
SEA 220 MHz 
AEA 440 MHi 
ANTENNAS 

Y & i s s y 
KT ONE, FI51110, FT-7WGX FHGaeOO 
P1-/26M. FT 77, FT 7/OHH FT 2700RH 

'.'•tin (COM 
n i ,-' in:,, !(::•/,I 
n : 'i.ijn ,t iro.'/, 1 
:<: iC (IIAT 

H«00. R 1C00, R-2000. TSTM0SM1 I 
TS 420S.TR 3600A TR 7950. 
TWMOOOA Kenwo>J 
THJ1/31MlAt, TM2U.V 
41 (A <t T57I1A/81IA 

TEIEX PRO cow i j i a r 
ROCKWEIUCOUINS . 

KWM 380 
VoComJMirago/Dama Largo mvuntoty ol 
Tokyo Hy-Pawm w,rf. \ i 
Amplitlors S 

I SISkHT G,»m AMER1TRON AMPLIFIER AUTHORIZED 0EALER 
| Antennas IN StOC* Yaoay FTR 24I0. WiHon 

IC0M IC-RP 3010 1440 MH!| , 
ICDMIC-RP 121IIII.2 OM;l , 

" C 
| Micnoioo Ain 1. !• ' :.»•> 

KANTRONICS I UTU. tnnirliKO il. Cn,ttio<nji' 

MIRAGE AMPLIFIERS 
ASTRON POWER SUPPLIES 

- DENTRON IS BACK IN STOCK! 
New TEN TEC 

2591 HT. Cotsain,, Af()u y II tmtuiW 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY, NEW YORK CITY. N Y 10012. 

u A t M V r t r k f l t u ' c LARGEST STOCKING HAM DEALER 
nvww l U ' K V i i y i COMPLETE REPAIR LAB ON PREMISES 

"AquJ S« Hab la E a p a n o l " 
BARRY INTERNA MONAl TCifX 1? r-f.Ai 
MEHCMANUISE TAKFN ON CONSIGNMENT 
POFT TOP PRICES 

AUlHOHtffcD DtbIS MCKAY DYMfeK FOR 
SHORTWAVE AN !F.NNAf» A RECEIVERS 

tRTilEX ' Spiing &t Stilton 
Subwayr BMT "P«mc» St. Static* .. „ _ . 

IND-'T" Tram Dw*. Shi ton" 
Bus Broadway *6 to Spring SI 

P«lh-5lh r.t tm Station 

' W J 

Wo stock AHA, Afiftl Al|tfw Am nee. ArtleiMia 5p«:Ml«»ti. Astatic A*trprv B 4 K B & W Bash Boncttei. Hurt Butternut CDE. CES. CoUms. Communication! Spot Comicetws. Cotncialt CuRlciall Oaiwa. DwiHon. Diuima*. Drake, ETO lAiplta). Eimac, Encomm, Hon Sound. Henry, Hu&iler tNowt ionic *>. HyG„n». Icom, KIM. Kanlfoncs 
latsen. MCW tOatwa). MFJ. JW Mnt«i Mtn< Products, Moas*. N«wtionic». Hyn VtVing. I'alnmni MF Ptoduclit. Radii> Amalao' Callbook. Robot, Rockwell Collins. Saxon bhuie TgJph Tempo. Too Tec. Tokyo Mi Powor. ttiooy. TUBES W2AU. WatMf, Wilton Yamu Mam J ml Cotnmotcml Radios. Voco<n. Vitxt>(jlo« Cmtis Til Ei. Wacom Dupleim, Ropcntoi:., Pliclps DoOue. Ftfnon lote'comt, Sc.innuia. Crystals , Radio Publications, 

Wt NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
1'fcAiF.niNOl.MHU.SiNvlU O fMQNE IN »OV<HuWf)EHA Of afiMBUPStn 

COMMRRCIAL RADIOS mtoch.d & •«t«lc*d on prtmlui, 
Amateur Radio Courses Given On Our Premises, Colt 
EapmlOrd«r« 5hlpp«d ImmodlaUlr. TELEX 12-7070 

VOICE OPERATED SQUELCH 
• Fits inside most HF-SSB transceivers. 
• Requires human voice to activate. 
• Ignores static, noise and hetrodynes. 
• On/off switch only—no adjustments! 
• Connects to audio leads and 9/12 VDC 
• Fully assembled and tested $99.95. 
• Complete with comprehensive manual. 
• Used worldwide in commercial and military 

transceivers, 
^ 228 

© I M j ' O ? COMMUNICATIONS, 5479 Jetport. Tampa. FL 33614 . (813) 885-3996 
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THE GUERRI REPORT^ hs 

a busy signal 
from space 

For over twenty-five years var-
ious nations have been launching sat-
ellites of one type or another. Many of 
the early satellites were experimental 
in nature, primarily intended to develop 
and test space hardware. However, 
the past fifteen years have been de-
voted to the more utilitarian aspects of 
space. Because our only link to satel-
lites has been through RF paths, the 
amount of the spectrum devoted to 
this purpose has grown dramatically. 

The geosynchronous equatorial or-
bits are particularly popular. This is 
because satellites placed in this posi-
tion appear to remain in one place all 
the time, and can illuminate a large 
portion of the earth's surface. Because 
of the desirability of this location, it has 
become imperative that there be global 
cooperation with respect to the place-
ment of satellites in the general equa-
torial area. Current agreements allow 
satellites to be positioned every 2 de-
grees over the populous equatorial 
coverage areas. 

The resulting proliferation in the 
number of equatorial satellites puts a 
significant burden on antenna design-
ers. The 2- degree equatorial spacing 
requires that antennas have very nar-
row beams, in addition to low side-
lobes, in order to prevent interference 
to transponders on adjacent satellites. 
The transmitters and receivers used in 

these satellites are very sophisticated, 
and must utilize adaptive techniques in 
order to maintain predetermined sig-
nal-to-noise ratios without interference 
problems. 

The RF spectrum assigned to satel-
lites includes band segments from 
400 MHz to over 30 GHz. The most 
densely used portions are in the region 
between 1.5 and 12.5 GHz. Because 
of the limited availability of electric 
power, satellite transmitters tend to be 
limited to about 50 to 100 watts, but 
antenna gains of 20 dB or more are not 
uncommon. Obviously, satellites in-
tended to provide broad geographic 
coverage cannot employ highly direc-
tive antennas. Some key applications 
for modern satellites include the 
following: 

Earth resources and positioh loca-
tion. Most of us have seen sbme of 
the dramatic photographs taken from 
earth resources satellites showing 
crops, earthquake faults, volcanoes, 
and of course, daily weather patterns. 
These satellites rely on a wide variety 
of sensors employing optical, thermal, 
and radar techniques to form images 
of the earth's surface. In most cases 
the resolution is sufficient to reveal 
major highways, airports, and other 
key land-based features. 

Most of these satellites operate in 
the 137 MHz and 1.6 GHz portions of 
the spectrum. Fairly simple receiving 
equipment will permit the home experi-
menter to receive exciting weather 

photographs from the APT and GOES 
satellites. 

An important additional function of 
this general class of satellites is map-
ping and position location. Virtually 
any satellite with high resolution sen-
sors can function as an excellent map-
ping satellite since its orbit can be 
precisely determined and its position 
accurately known at any given time. 
Twenty continuous years of this pro-
cess ha's resulted in highly accurate 
mapping of the earth's entire surface, 
permitting significant improvements in 
the efficiency and safety of commer-
cial shipping and aviation. A series of 
Global Positioning Satellites (GPS) is 
being developed by the United States; 
when its 18 satellites are completed 
and in place a few years from now, 
the signals from these satellites will 
enable appropriately equipped vessels 
to determine their exact position on 
the earth's surface to within about 100 
feet (30 meters). 

Telecommunications. It is the tele-
communications function performed 
by modern satellites with which most 
of us are familiar. Telephone com-
munications, data transmission, video 
links, and broadcast television now 
unite the world in a massive satellite-
linked network. Satellites designed for 
this purpose do not originate signals, 
but are simply repeaters in the sky. 
They typically consist of a number of 
channels, called "transponders," that 
repeat signals in a 24 or 36 MHz band. 

W ! r > 
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Each satellite can have as many as ten 
transponders. This means that a single 
satellite may handle as many as 50,000 
phone calls simultaneously. The avail-
ability of these high quality RF links 
has dramatically improved interconti-
nental voice and data communications. 
These links can now reliably transmit 
a page of FAX data to another part of 
the world in just a few seconds. Satel-
lites enable commercial broadcasters 
to bring us important events from vir-
tually every corner of the earth as they 
occur; the societal ramifications of this 
news immediacy are still developing. 

Defense. Not to be upstaged, the 
military establishments have also been 
busy in space. Since profitability, in 
the commercial sense, is not an issue 
for military users, some of the tasks 
which satellites are called upon to per-
form are indeed exotic. These include 
such things as very high-speed data 
links (1 Gbit/sec.) and very high reso-
lution imagery for reconnaissance pur-
poses. Charged coupled sensors, 
cooled with liquid helium to increase 
sensitivity and mounted at the focal 
plane of precision lenses, provide or-
bital images with stunning detail. The 
ability of radar to penetrate cloud 
coverage and provide high resolution 
images is particularly attractive to 
military users. In some cases, the or-
bital path of the satellite is used to syn-
thesize an antenna of large aperture 
and provide a simulated very narrow 
beam. This technique, called "syn-
thetic aperture radar" (SAR), is 
capable of revealing subtle details, not 
visible by any other means, hidden in 
the earth's surface. Techniques of this 
type are used by defense organizations 
to locate submarines concealed below 
the ocean's surface. 

Next time you look at the evening 
sky, be sobered by the thought that at 
that very instant, there are probably 
more conversations being repeated 
through satellites than if all the world's 
Amateurs were on the air at the same 
time. The pros do it without QRM. 
Now that's what I call a band plan! 

ham radio * Please contact this advertiser directly. Limit 15 inquiries per request. 
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our own mimseries 
Anyone who watches TV has seen, I'm sure, at least one miniseries — be it The Thorn Birds, 
Wallenberg, or SPACE. Well, ham radio is pleased to bring you another. . . but with this one, hap-
pily, you won't have to wait until the next evening to see the continuation. We call it "sources for 
everyone." 

Sources are popular items for Radio Amateurs. In fact, I defy you to show me a transmitter or 
transceiver that doesn't have at least one. In this issue we examine three different kinds of sources, 
each useful in its own way and each simple enough to be built by the "average" ham (whoever he 
may be). 

Our first source — described in Al Helfrick's article, beginning on page 18 — answers the para-
doxical question. What is rock-stable, yet varies in frequency? It's a voltage-controlled oscillator that 
uses a ceramic resonator for the frequency determining element. To say it's as stable as a crystal 
oscillator would be an exaggeration, but it does offer a significant improvement in stability over a 
conventional LC type device. Throw in the additional advantages of low microphonics, high Q, low 
cost in a small package, and you begin to get an idea of why both the author and I are interested 
in this device. Though it can be varied in frequency, its variation is limited by the series and parallel 
resonant frequencies of the resonator, which is about 7 percent. (Not bad considering the insignifi-
cant frequency pulling capability of a crystal oscillator.) 

If we do need that high stability, Peter Bertini shows us how we can achieve it by using two crystal 
oscillators in a Colpitts configuration. The author, in designing BFO circuits, found an alternative to 
using expensive BFO crystals while still retaining the versatility of a variable BFO. In this application 
(a receiver BFO), very little frequency shift is needed, and it's nicely achieved by varying the voltage 
on the varactor elements. The difference frequency of the two crystals becomes the exact center 
of the variable frequency range needed. Tie that concept in with normal good oscillator design prac-
tices and we're left with a useful circuit that's inexpensive and quite stable. 

The conclusion of this miniseries came out of a need for a simple and practical sweep generator 
that can be swept across a broad frequency range, yet still exhibit good linearity and constant out-
put. From the Netherlands comes an article by Hans Evers, who discovered an old circuit — described 
perhaps for the first time — in a 1949 issue of Wireless World. The circuit, known as the Butler oscillator, 
is varied in frequency through control of an out-of-phase RF current that excites a (secondary) coil 
coupled to the main inductive element, thereby producing an effective turns cancellation. This cur-
rent, in turn, is controlled through the unbalancing of a differential amplifier. All in all, an interesting 
technique. 

If you like this miniseries, let us know we'll be glad to bring you others. What subjects would you 
like us to cover? 

Rich Rosen, K2RR 
Editor-in-Chief 
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AMATEUR RADIO WILL FLY WITH THE SPACE SHUTTLE IN JULY after all, NASA has announced. 
However, astronaut Tony England, W0ORE, will be limited to 2-meter operation only, as the 
installation of additional Amateur antennas for other bands in the shuttle's payload bay 
turned out to be too costly as well as a logistically difficult task. 

Slow-Scan TV Is The Big Addition On This Shuttle Flight; it's even quite likely that 
SSTV transmission time will exceed that for voice, with scenes from inside the spacecraft 
to be sent during orbits when W0ORE is busy with other tasks and can't be on the air for 
voice contacts. Both FM voice and SSTV will be via 2-meter hand-held radios, using the 
same window-mount antenna used by W5LFL in his pioneering operation. 

Little If Any "General" 2-Way Operation Is Planned for this flight. Instead, W0ORE's 
contact emphasis will be with school and club groups, to provide the maximum Amateur 
involvement. The ARRL will act as liasion to schedule such contacts; contact them in 
Newington for details. Pre-flight publicity and media contact during the flight will also 
be handled by the ARRL, but primarily through the League's Washington office. 

NASA Expects WgORE To Be On For Between 10 And 20 Passes, and is currently working out 
his scheduling. A principal limitation will be access to the shuttle's overhead window, 
which won't be available at all for Amateur antenna use until the middle of the fourth day 
of the flight. At presstime launch was still scheduled for mid-July. 

THE 24-MHZ BAND WILL BECOME AVAILABLE AND 30 METERS "OFFICIAL" JUNE 22, the FCC decided 
April 25. The new 24890-24990 kHz slot is for General and higher, with phone above 24930; 
power will be L500 W PEP. 30 meters remains CW/RTTY only, General and above limited to 
200 W PEP. No action was taken on 420 MHz changes or the new 902 MHz band. 

International Broadcast Stations May Use 7.1-7.3 MHz In Region 3 (Pacific) areas it 
administers" the FCC deci3ed A p r i l I n its Report and Order on Mass Media Docket 84-706 
the Commission did specify, however, that broadcast stations operating under the new ruling 
must beam transmissions away from Region 2. The effective date was May 16. 

Expanded 40-Meter Phone Privileges For Caribbean Area Amateurs are proposed in a new 
FCC Notice of Proposed Rulemaking. In PR Docket 85-104 Amateurs in U.S.-licensed areas of 
the Caribbean would have their phone band extended down to 7075 kHz; in its proposal the 
FCC is looking for Amateur input on how the additional frequencies should be utilized. 

Comments On PR Docket 85-104 Are Due At The FCC June 17; Reply Comments July 17. 

VOLUNTEER EXAMINER COORDINATOR PERFORMANCE MAY SOON be the subject of critical FCC 
review, now that the program has been on line for a year. Criteria to be used in the review 
will probably include activity, pass rates, adherence to the rules, integrity, and quality 
of the paperwork provided to Gettysburg. Some VECs are not expected to fare very well. 

A Visit To Gettysburg For VEC Representatives is also being considered, probably for 
sometime in August. Such a visit would provide the VECs and FCC licensing people an 
excellent opportunity to discuss each other's problems and review procedures. 

DeVry Is Actively Seeking VEs Throughout The U.S. , following its accreditation as a 
national VEC. Interested VEs should call Jim Georgius, W9JUG, at DeVry between 12 noon 
and 7 PM Chicago time, at (312) 929-8500, ext. 251. 

"AUTOMATIC REMOTE CONTftOL" FOR AMATEUR OPERATIONS ABOVE 29.7 MHZ has been proposed by 
the FCC in PR Docket 85-105. Expanding on an ARRL petition that had sought automatic 
control for Amateurs using digital communications, the Commission is actually looking for 
Amateur input as to just how far the concept of automatic control should be extended. 

Comments On PR Docket 85-105 Are Due at the FCC June 25, and Reply Comments July 25. 

THE COMMENT PERIOD ON FCC'S "NATIONAL FREQUENCY COORDINATOR" proposal is being 
extended at the request of the ARRL. The new dates had not yet been set at presstime. 

AMATEUR RADIO'S SPACE PROGRAM WILL BE THE SUBJECT of the Teleconferencing Radio Net 
(TRN) June 14. T5p AMSAT satellite Specialists such as W3IWI, W6SP, WA2LQQ, W3X0, K80CL, 
and others will participate in the comprehensive program, which will almost surely include 
the latest news on W0ORE's forthcoming Space Shuttle operation. 

Over 200 Repeaters Across North America Now Provide TRN programs to their users; any 
repeater group wishing to join the TRN should write Timothy Lowenstein, WA0IVW, TRN Net 
Manager, c/o Midway ARC, Box 1231, Kearney, Nebraska 68847-1231. 

DAYTON HAMVENTION'S "AMATEUR OF THE YEAR" IS W8ACE/4, John Willig, who's being recog-
nized both for his role as "father" of the Hamvention back in 1951, and for his continu-
ing efforts in maintaining the "Dayton Net" that meets three times weekly to keep former 
Daytonians in touch with each other. The Hamvention's Special Achievement Award went 
to Judy Frye, KG8P, for her leadership role setting up DARA's VEC program; the Technical 
Excellence Award was presented to Rich Whiting, W0TN, for having developed the Tele-
conferencing Radio Net. Congratulations to all for well-deserved honors I 
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comments 
How can Amateur Radio be im-
proved? Here's what some readers 
suggested in response to questions 
raised by K2RR and N1ACH in 
"Reflections" (February and March, 
1985). KA1LBO 

I'd like to see us stop all the concern 
for increasing numbers of hams and 
instead, try to improve the quality of 
operators we already have. 

Vern A. Weiss, W A 9 V L K 
Kankakee, Illinois 

. . . I would like to see the spirit of 
Amateur Radio as it was in the 1930's 
restored: service, experimentation, 
operating skill, courtesy, and good 
fellowship. 

I. L. MclMally, K6WX 
Sun City, California 

. . . There seems to be an age of 
curiosity — maybe between 10 and 15 
— when a youngster is thirsty to drink 
up the experience of the adult world. 
At that age the young person is curi-
ous about the entire world. We, the 
adults, can "turn that kid on" to elec-
tronics, computers, cameras, art, or 
music — or they can turn on to drugs. 
It's up to us. . . . My point is that we 
must make a solid effort to get into the 
elementary schools, into the summer 
camps, into the neighborhood com-
munity centers, to "turn on" the kids 
of America to the fun of our hobby. 
This will, in turn, capture the talents 
of our youth and reignite the spirit that 
put a man on the moon! 

Marvin Feldman, WG4Q 
Annandale, Virginia 

In days past, there was a "romance 
of the airwaves" — the excitement of 
doing what ordinary people could not 
do — and you could do it, if you knew 
enough and worked hard enough. 

We need to find a new romance, a 
new excitement. 

J o h n Telford, W 3 T J 
Swampscott, Massachusetts 

Here's what I think is important right 
now — more important than technical 
development, if we have to choose: 
we must learn how to lobby. We hams 
must learn individual and group lobby-
ing techniques. Lobbying is power, 
and groups have more power than 
individuals. 
[We have to] get our emergency nets 
working and then let the public know 
what we're doing for them. When the 
public needs communications for vari-
ous activities, we should overwhelm 
them with support, and then publicize 
our contribution. 

Ken Uthus, KT7E 
Nine-mile Falls, Washington 

The way I entered ham radio was via 
S W L activities. I was in junior high 
school and could not afford anything 
but a receiver. I still listen to S W on 
a day-to-day basis and enjoy it. Per-
haps emphasizing such activities will 
stimulate interest. . . . 

Thomas M. Hart, AD1B 
Dedham, Massachusetts 

. . . What Amateur Radio needs is 
a new frontier. . . . Why not put the 
total emphasis on space [communica-
tions]? Maybe radio telescope opera-
tion. Let's restore the adventure of 
Amateur Radio to attract the new 
breed of high-tech communicators. 

Fred N. Ackerman, W 3 J H N 
Silver Spring, Maryland 

I've been a ham for 54 years. . . . 
Ten years ago I got the S S T V bug and 
the biggest thrill from ham radio, ever. 
What happened to S S T V articles in 
most of the magazines? 

Francis M. Duffy, A B 3 J 
Johnstown, Pennsylvania 

My main operating interest is CW. 
1 perceive considerable anti-CW pres-
sure these d a y s . . . more publicity and 
development for very narrow band 
synchronous CW would help . . . also 
improvement in the political climate for 
this mode. . . . 

To my mind, hand-sent Morse is 
more basic than BASIC. 

Bruce Boyd, W3QA 
Ellicott City, Maryland 

Let's stop recruiting non-technical 
people into our fraternity.. . . Let's try 
to appeal to an average level of 
technical expertise — on upward. 

Mike Kitsko, K6VGQ 
Cerritos, California 

A link is needed between HF, DX, 
2 meters, CB, S S T V , etc. A geo-
stationary satellite could do just that. 

Greg Waits, WB6EPE 
Anaheim, California 

The number of licensed Amateur 
Radio operators may be declining sta-
tistically but I feel sure that there are 
many others out there just as enthusi-
astically involved as we are here. The 
new VEC program will reverse the 
[negative] trend. . . . Amateur Radio 
clubs all over the country can and will 
take advantage of the VEC program to 
promote and assist with the licensing 
of new Amateur Radio enthusiasts. 

Let's not be too concerned with 
declining numbers. It's only tempor-
ary. We, the members of the World 
Amateur Radio Fraternity, will see to 
that. 

Bob Ruedisueli, W 4 0 W A 
Vienna, Virginia 

. . . You may want to consider that 
the new 10-year license (term) will 
skew the figures. 

J o h n O. Gallivan III, N4DGS 
Fairfax, Virginia 

. . . What's wrong with Amateur 
Radio? Not a damn thing . . . it's just 
different. 

Michael Vuksich, W0VEV 
Duluth, Minnesota 
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voltage controlled oscillator 
uses ceramic resonators 

Try these 
old favorites 

in tuned circuits 

Since the earliest days of radio and electronics the 
LC tuned oscillator was the circuit of choice whenever 
a wide tuning range was needed. When stability was 
paramount, the crystal oscillator reigned supreme. 

Over the years the frequency controlling element 
has changed; oscillators controlled by cavities, surface 
acoustic wave ( SAW) devices, Y|G (yttrium /ndium 
Garnet) and other garnets, and a host of other 
specialized devices have been developed. Very often 
a system design would benefit from an oscillator that 
had the tuning range of an LC oscillator and the stabil-
ity of a crystal oscillator. 

The phase-locked synthesizer is a system in which 
the accuracy and stability of a quartz crystal is trans-
ferred to a wide frequency range oscillator, permitting 
a large number of accurate and stable frequencies to 
be generated. Even in this application, the flaws of an 
oscillator cannot be totally eliminated. If the oscillator 
suffers from phase noise, microphonics, or other 
spurious outputs, some vestiges of these problems will 
remain. 

The voltage controlled oscillator can be constructed 
from any type of oscillator, but is typically an LC 
oscillator with a varactor diode as part or all of the 
tuning capacitance. This gives the broadest tuning 
range but seldom exceeds a ratio of 2:1. At the other 
end of the spectrum (minimum tuning range), a crystal 
oscillator with varactor tuning provides excellent 
stability, very low phase noise, and freedom from 
microphonics, but has very limited tuning range. A rule 
of thumb for a variable crystal oscillator is a frequen-
cy variation of no more than 0.1 percent total. If the 
frequency were limited to 20 MHz (this is approxi-
mately the limit for fundamental mode crystals), the 
total variation would be 20 kHz. For higher frequen-
cies, overtone crystals must be used and the ability 
to pull the frequency of an overtone crystal is con-
siderably less than that of a fundamental mode crystal. 

ceramic oscillator provides compromise 
Somewhere between the crystal oscillator (which 

can hardly be moved at all in frequency) and the LC 
oscillator (which has a broad variation in frequency but 
suffers from phase noise and microphonics) is the 
ceramic resonator oscillator. The ceramic resonator is 
not a new device; for many years ceramic resonators 
have been the heart of the ceramic filter, which is 
primarily used for wideband FM IF systems found in 
entertainment radio and television receivers. The 
ceramic resonator as a single tuned circuit is finding 
applications in timing circuits, replacing more expen-

By Albert D. Helfrick, K2BLA, R.D. 1, Box 87, 
Boonton, New Jersey 07005 
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fig. 2. Mechanically-tuned Pierce oscillator. 

sive quartz crystals in those applications in which the 
extreme precision and stability of the quartz resonator 
is not required. 

Although the ceramic resonator is similar to a quartz 
crystal, there are several important differences. The 
equivalent circuit of the ceramic resonator shown in 
fig. 1 is identical to the quartz crystal except that the 
parameter values are somewhat different. The series 
resistance is on the order of 6 ohms for a 4-MHz 
resonator, which compares to a quartz crystal's 15 
ohms. This lower value at first appears to indicate a 
higher Q than with the quartz crystal if it weren't for 
the value of the equivalent inductance, which is typi-
cally 140 microhenries. In a quartz resonator at a fre-
quency of 4 MHz, the equivalent inductance could 
easily be on the order of 1 henry, which is some 7000 
times higher. This results in the quartz crystal having 
a Q of as high as 500,000. In the ceramic resonator 
a series capacitance of 11 pF provides the series reso-
nant frequency while a 76-pF shunt capacitance, plus 
any circuit capacitance provides the parallel resonant 

frequency. The Q of the equivalent circuit is on the 
order of 600. 

advantage of the ceramic resonator 
over the LC oscillator 

There are two inherent advantages in using a 
ceramic resonator rather than a conventional LC tuned 
circuit. First, it is nearly impossible to build inductors 
in the 140 /tH region that are small in size and exhibit 
Qs of 600. Typically a 140-/*H inductor has a Q of one-
tenth that of a ceramic resonator. Secondly, a 140- .̂H 
inductor, in order to be of reasonable size, would use 
a tightly coupled ferrite core. The core would be 
attached to a shielded can and fitted with an adjuster. 
This would translate mechanical movement of the core 
into changes in the inductance and distributed 
capacitance. An oscillator constructed with this type 
inductance would tend to be microphonic. 

There are broad variations in the parameters of cera-
mic resonators, especially when resonators of different 
frequencies are compared. However, ceramic resona-
tor Qs will generally range from 500 to 5000, values 
not achieved using conventional LC tuned circuits. 

The significant disadvantage of the ceramic resona-
tor as an oscillator tuned circuit is the ability of the 
resonator to be varied in frequency. Ceramic resona-
tors are typically operated in parallel resonance, which 
is characterized by the resonant frequency of the 
equivalent inductance resonating with the two equiva-
lent capacitances, Co and Cj. The 76 pF capacitance 
shown in fig. 1 is internal to the resonator and can-
not be altered in any way. Consider a situation in which 
a varactor is placed across the resonator to vary the 
frequency. The highest possible resonant frequency 
(fp) when operating the resonator as a parallel reso-
nant circuit occurs when there is no external 
capacitance. This produces a resonant frequency of: 

f P = 
1 

2 t I (1) 
L I C q C I 

C 0 + C , 

There is a practical limit to how much external capa-
citance can be placed across the resonator, but for 
the purpose of gaining insight into how far the resona-
tor can be theoretically pulled, assume the external 
capacitance can be as high as infinity. With infinite 
external capacitance, the parallel resonant frequency 
approaches the series resonant frequency (fs) which is: 

f s = 
I (2) 

2ir \ l L } C f 

determining range of operation 
If the ratio of the highest frequency to the lowest 

frequency were taken, the result would be: 
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fig. 3. Temperature-induced frequency variation of 
mechanically-tuned resonator oscillator. 

fp / Co + C, . 
./; = s/ c(l

 (3) 

Using the typical values shown in fig. 1, the maxi-
mum frequency range (and consequently change from 
nominal frequency) is about 7 percent total for a 
4-MHz resonator. Compared to the quartz crystal, this 
is a very large variation but rather insignificant to 
the octave or more variation available from an LC 
oscillator. 

The previous discussion determined the maximum 
theoretical variation. However, it is not possible to 
apply an external capacitance from zero to infinity. The 
lower value of capacitance is limited by the circuit 
capacitance and the residual capacitance of the 
varactor. This discussion examines varactor tuned 
oscillators, but there is residual capacitance in 
mechanical capacitors as well. In addition, there are 
practical limits to the upper bound of the external 
capacitance and from empirical data this can be safe-
ly taken to be three times the equivalent shunt capaci-
tance of the resonator. When a large amount of exter-
nal capacitance is used, the dissipation factor of the 
external capacitor becomes a critical parameter in the 
amount of energy that can be transferred into the 
ceramic resonator. A s a design example, assume the 
minimum external capacitance is 30 pF and three times 
the internal 76 pF or 228 pF is the maximum capaci-
tance that is allowed. This would result from a varac-
tor diode variation of about 200 pF. If the residual cir-
cuit capacitance is 10 pF exclusive of the varactor 

capacitance, the varactor diode capacitance must vary 
from 20 pF to 218 pF. This requires a tuning ratio of 
10, which is attainable from a hyper-abrupt junction 
diode. The typical frequency variation would be about 
3 percent or approximately 120 kHz at 4 MHz. 

comparing actual circuits 
To test the theory and to assess the ability of the 

ceramic resonator to serve as the frequency control-
ling element of an oscillator, several conventional 
capacitor-tuned oscillators were constructed. One ex-
ample is shown in fig. 2. The ganged variable 
capacitor tunes both the gate and drain of the FET 
oscillator and thus maintains a constant feedback ratio. 
This oscillator produced a tuning range of 190 kHz 
from 10.7 MHz, the specified resonant frequency of 
the oscillator, to 10.89 MHz. This simple circuit, also 
illustrated a design limitation of the ceramic resonator 
— frequency drift with temperature. 

Ceramic resonators are frequency-stabilized over 
temperature by using special - 4 4 0 0 ppm/degree C 
ceramic capacitors as the feedback elements. Al-
though the temperature characteristic of the mechani-
cal capacitor was not known, it did not correct the fre-
quency drift and the results are shown in fig. 3. In spite 
of its frequency dependence on temperature, the 
oscillator had some important characteristics. The 
oscillator had a low level of phase noise and was 
relatively immune from microphonics. It is these two 
characteristics that make the oscillator attractive as a 
V C O for a phase locked loop frequency synthesizer 
where the temperature dependence can be eliminated. 
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fig. 5. Colpitts oscillator using varactor tuning and a 
3.58-MHz resonator. 

fig. 6. Ceramic resonator circuit with AC voltage source 
and capacitive load. 

A s e c o n d mechan i ca l l y - t uned osci l la tor w a s con-
s t r uc ted a n d is s h o w n in fig. 4. One o f t h e p rob lems 
associated w i t h an osci l lator us ing a ceramic resonator 
and , t o a cer ta in ex ten t , a c rys ta l resonator , is t ha t 
w h e n a large a m o u n t o f ex terna l capac i tance is added 
t he a m o u n t o f feedback is reduced and osc i l la t ion can 
b e c o m e uns teady (s tops osc i l la t ing) . T h e osc i l la tor 
s h o w n in fig. 4 represents an a t t e m p t t o a l lev iate th is 
p r o b l e m . A dua l 500-pF capac i to r w a s used as t he 
t un ing e lement across a 10 .7 -MHz resonator . T h e gain 
o f t he FET ampl i f ie r w a s var ied by increas ing t h e 
capac i t ance f r o m the source t o g r o u n d us ing half o f 
t he dua l capac i to r . A s t h e capac i tance across t h e 
resonator is increased, t h e ga in of the ampl i f ie r also 
increases a n d the osci l lat ions are stable over the ent i re 
500 pF range of t he capac i tor . The tun ing range of th is 
osc i l la tor w a s 325 kHz a t 10.7 M H z . 

A varac tor - tuned Colp i t ts osci l lator as s h o w n in fig. 
5 w a s cons t ruc ted t o evaluate t he abil i ty o f the ceramic 
resona to r t o serve as a V C O . A 4 - M H z resonator w a s 
tes ted , a n d t he resul ts agreed substant ia l l y w i t h 
t heo ry . Us ing a pair o f h y p e r - a b r u p t varac tor d iodes, 
it w a s poss ib le t o ob ta in near ly a 100 kHz f r e q u e n c y 
sh i f t , w h i c h agrees w i t h t he theore t i ca l ca lcu la t ion o f 
120 kHz . W i t h a large var ia t ion in capac i tance an 
uns teady osc i l la tory c o n d i t i o n w a s ev ident . Th i s is 
because t he feedback capac i to rs w e r e m u c h smal ler 
t h a n t h e m a x i m u m capac i t ance o f the varac tors . It is 
m a n d a t o r y t ha t the f i xed capac i tances across t he 
ce ramic resonator be kep t t o an abso lu te m i n i m u m . 

In t he d e v e l o p m e n t o f an osc i l la tor t h a t p rov ides a 
m a x i m u m f r e q u e n c y sh i f t us ing a ceramic resonator 
as t he t u n e d c i rcu i t , cons ider t h e c i rcu i t s h o w n in fig. 
6. T h e equ iva len t c i r cu i t o f a ce ramic resonator is 

fig. 7. Ceramic resonator oscillator. 

s h o w n in series w i t h an A C vo l tage sou rce a n d an ex-
terna l capac i tance w h i c h represents t he va rac to r . 
S ince the impedance o f the vo l tage source is zero, t he 
ex terna l va rac to r capac i tance is essent ia l ly in paral lel 
w i t h t he internal capaci tance, Co. The vo l tage at po in t 
A is exac t l y o u t o f phase w i t h t he vo l tage a t po i n t B 
at t he paral lel resonant f r equency of the i nduc to r , L i , 
a n d Co + C 2 in series w i t h C i - On l y one resonan t 
c i rcu i t is s h o w n in fig. 6. T h e usual series resonant 
c i rcu i t o f l_i and C i is n o t a f ac to r here. If t he re w e r e 
a resistance be tween po in t A t o g round , in parallel w i t h 
C3, there w o u l d be a second po in t at w h i c h the phase 
o f t h e vo l t age at A w o u l d be t he same as t he vo l tage 
at po in t B, and tha t w o u l d occur at the series resonant 
f r e q u e n c y de te rm ined by L 1 ( and C ^ 

Figure 7 s h o w s t he equiva lent c i rcui t o f the ceramic 
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fig. 8. Varactor-tuned 10-MHz ceramic resonator oscillator. 

resonator except that the AC voltage source has been 
replaced with the output of an inverting amplifier and 
point A from the equivalent circuit of fig. 6 has been 
connected to the input of the inverting amplifier. To 
satisfy the Barkhausen criteria for sustained oscilla-
tions, the total phase shift around the loop should be 
0 degrees, which will occur at the parallel resonant fre-
quency of fig. 6. In addition, the total loop gain should 
be zero dB, which can be satisfied by the buildup of 
self bias, which automatically reduces the circuit gain, 
as in the case of any classical oscillator. For C2 to have 
the greatest effect on the oscillator frequency, the in-
put capacitance of the amplifier must be as small as 
possible and the output impedance of the amplifier as 
low as possible. 

The oscillator shown in fig. 8 satisfies the criteria 
for a low output impedance and small input capaci-
tance. The FET input amplifier has fixed bias with 
source feedback. This provides a very high input im-
pedance with very low capacitance. The FET amplifier 
drives an emitter follower which, in spite of the fact 
that it has a low output impedance, feeds a trans-
former with a 3:1 turns ratio for a nine-fold impedance 
reduction. The result is an impedance at the ceramic 
resonator of a few ohms maximum. 

The varactor-tuned ceramic resonator oscillator has 
a significant frequency-temperature coefficient, as 
would be expected in light of the results of fig. 3, and 
is shown in fig. 9. The tuning range of the VCO is 
approximately 232 kHz, with a temperature coefficient 
of 350 Hz per degree centigrade. When using this cir-
cuit as a VCO, the entire 232 kHz range cannot be used 
because some of the tuning range must be sacrificed 

TEMPERATURE t'CI 

fig. 9. Temperature dependence of frequency for the 
varactor-tuned oscillator shown in fig. 8. 

for the temperature dependence. If the required tuning 
range were 200 kHz, leaving 32 kHz for temperature 
variation, the resulting temperature variation would be 
more than 90 degrees C, which is sufficient for any 
Amateur application. 

It may appear that a temperature compensating 
ceramic capacitor could be used for the reduction of 
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temperature dependence. This is done for single-
frequency oscillators, but the use of a shunt capaci-
tance for temperature compensation will reduce the 
amount of frequency variation possible. In an oscillator 
with a large tuning range, temperature compensation 
must be achieved with a phased locked loop or other 
external means of frequency stabilization. 

To what advantage is the ceramic resonator oscil-
lator when it has a significant frequency-temperature 
coefficient and has a tuning range of only a few per-
cent? First the phase noise of the ceramic resonator 
oscillator is excellent, as shown by the spectrum 
analyzer photograph in fig. 10. It would be nearly im-
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fig. 10. Spectrum analyzer photograph of a ceramic 
resonator VCO without a phase locked loop. The VCO's 
actual performance is difficult to determine due to the 
noise floor and resolution limitations of the instrument. 

possible to create a spectrum this clean with a conven-
tional LC tuned oscillator. In addition, the freedom 
from microphonics is excellent. A s a test, the fourth 
harmonic of the 10 M H z V C O shown in fig. 8 was 
received with a V H F / F M monitor receiver. This 
receiver is designed to function with 5-kHz peak fre-
quency deviation, and because the fourth harmonic 
is being tuned a 1.25-kHz peak deviation will produce 
the full audio output in the receiver. The oscillator was 
tapped with a pencil and absolutely no audio was 
heard from the receiver. This is certainly not a scien-
tific test, but to gain some insight into how this com-
pares to a conventional LC oscillator, the printed cir-
cuit board in the monitor receiver was tapped and pro-
duced a loud clang in the receiver. In fact, if the 
volume of the monitor receiver were advanced to 
nearly full scale, a steady howl would emanate from 
the speaker because of acoustic feedback from the 
speaker to the local oscillator. Although the test was 
not scientific, it is clear that the ceramic resonator 
oscillator is quite free from microphonics. 

applications 
There are many applications for a narrow band low-

noise oscillator. An obvious choice is to provide a V C O 
for a narrow range synthesizer such as a single 
Amateur-band frequency source. The new 10 M H z 
band is an obvious choice, since the V C O shown in 
this article is directly applicable. Another application 
is shown in fig. 11. Here the ceramic resonator 
oscillator is used in a frequency synthesizer with 100 
Hz resolution. The 10-MHz range of the ceramic reson-
ator is translated to the 6-meter Amateur band by het-
erodyning it with a 40-54.6 M H z phase locked fre-
quency synthesizer. Because of the rather high (100 
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fig. 11. Ceramic resonator oscillator used in a 100 Hz resolution 50-MHz synthesizer. 
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9 MHz CRYSTAL FILTERS 

MODEL 
Appli-
cation 

Band-
width Polos Prlco 

XF-9A SSB 2.4 kHz 5 SS3 15 
XF-98 SSB 2.4 kHz B 72,05 
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XF-9D AM 5.0 kHz 8 77 40 
XF-9E FM 12.0 kHz 8 77 40 
XF9M CW 500 H: 4 54.10 
XF-9NB CW 500 Hz 8 95 90 
XF-9P CW 250 HZ 8 131.20 
XF910 IF noise 15 kHz 2 17.15 

10.7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 8 $67 30 
XF107-B NBFM 15 kHz 8 67 30 
XF107-C WBFM 30 kHz 8 67,30 
XF107-D WBFM 36 kHz 8 67,30 
XF107-E Plx/Data 40 kHz 8 67,30 
XMI07S04 FM 14 kHz 4 30.15 
Export Inquiries Invited Shipping $3 75 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exishng HF of 2M rig on olhor VHF or UHF bands 
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1296 MHZ 18 W Output. 2M in MMII296 I44 Q S299 91 
432/435 10 Woulpul. 10M in MMI432 2BISI 259 95 
144 MHz 10W output, tOM in MMt 144-28 tU» 95 
Other bands & IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output UP 1296201. 439 95 
432/435 100 W output MML432-100 369.95 

50 W output MML432-50 199 95 
30 W output MML432-30-LS 209 96 

14,1 MHz 200 W output MML144 200 S 374 95 
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50 W output MML14450S 149 95 
30 W output MML144 30 LS 109 95 

AM models indude VOX T?n switching 
"L" models 1 or 3W drive, olhors 10W drive 
Shipping: FOB Concord. Mass 

A N T E N N A S 
4 2 0 - 4 5 0 M H z M U L T I B E A M S 
28 Elomonl 70/MBM28 12 dBtl 
48 Element 70/MBM4B 15 7 dBd 
an Element 70/MBMBB 18 5 dBU 
1 4 4 - 1 4 8 M H z J - S L O T S 
B ovui 8 Hoi polD8/2M 12 3 dBd 
0 l)V 8 Veil pul DB/2M-WH 12 3 <100 
10 . 10 Twist 10XYf?M 11 3 dBtl 

U H F L O O P Y A G I S 
1250 t350 MHz 29 loops 1296LY20dBi 
1650 1750 MHz 29 loops 1691 LY20dBi 
Gr>.t<-i Loop-Yagt connector exira 

St'ml -iQC U '.' ir-j;' . to' IH,. 1 u! >1' ,'nr Y» 
men! una rVf £ l>mi!ui:! 

117 
•pITH*.- $39 95 
J V Z i 59 95 

-105 5 0 - 119 95 

S63 40 
7995 
69 95 

47 95 
57 95 

Type N $14 95, SMA $5,95 

(617 )263-2145 
S P E C T R U M 

I N T E R N A T I O N A L , INC . 
Post O f f i c e Box 1084 

ord, M A 01742 , U.S.A. 

r*rov£»cy 
'' S90D -5340 

f i g . 12. A 2 0 - m e t e r F M t r a n s m i t t e r u s i n g a 
r e s o n a t o r o s c i l l a t o r . 

kHz) reference frequency used for the higher fre-
quency synthesizer, the microphonics and phase noise 
from that synthesizer can be reduced to negligible 
amounts. The relatively low frequency of the 100 Hz 
reference of the second phase locked loop does not 
allow for the loop to remove any microphonics of the 
inherent low-microphonic VCO using the ceramic res-
onator. Any synthesizer using a low frequency refer-
ence can benefit from the ceramic resonator oscillator. 

A second application is shown in f i g . 12. This ex-
ample shows a 10-meter FM transmitter using a cer-
amic resonator. The basic 15-MHz frequency of the 
ceramic resonator oscillator is doubled to 29.5-29.7 
MHz and synthesized using a 2.5 kHz reference. As 
in any FM transmitter where the phase locked loop 
is modulated directly, the loop bandwidth is restricted 
to a frequency below the audio frequency range, 
which opens up possibilities for microphonics and 
phase noise. This is demonstrated in most synthesized 
FM VHF equipment by the fact that despite putting 
in epoxy or other compound, the VCOs are often 
microphonic and noisy. 

The ceramic resonator oscillator has proved to be 
an interesting device for several applications and it is 
suspected that other applications will appear. No 
attempt was made to temperature-compensate the 
basic oscillator circuit. It is possible that a thermistor 
or other temperature sensing device could be used in 
conjunction with the varactor tuning voltage to reduce 
the temperature dependence of the ceramic resonator 
to an acceptable amount. In addition to its use in an 
oscillator circuit, the ceramic resonator has important 
applications in any circuit in which a conventional LC 
tuned circuit would be used. 

h a m r a d i o 
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a high-stability BFO 
for receiver applications 

Two VCXOs 
work together 

to provide 
high performance 

The lower frequency IF (under 500 kHz) remains 
popular for many receiver applications, generally as 
the last IF of a single or multi-conversion scheme. 

A typical Amateur application will usually require 
two or three discrete BFO frequencies — one for each 
sideband and one for CW. Good mechanical filters, 
either imports or surplus models made by Collins-
Rockwell, are readily available. Unfortunately, while 
good filters are available, their companion BFO crystals 
are seldom offered; custom-made BFO crystals for 
under 500 kHz can be obtained, but only at a premium 
price. 

Many hams have avoided the high cost of crystals 
by designing variable BFOs to take their place. While 
this is a reasonable alternative, there are disadvan-
tages. If, for example, the filters will do double duty 
in the transmitter portion of a transceiver, BFO crystals 
would have to be used in order to ensure predictable 
filter performance. Most filter manufacturers specify 
the filter 20-dB attenuation points as the recom-
mended BFO frequencies for SSB operation. Shifts 
in the BFO frequency could cause loss of carrier sup-
pression or an undesired audio bandpass. A synthe-
sized BFO circuit for 9-MHz IFs was described in ham 
radio several years ago, but it did not have provisions 
for variable tuning.1 For certain receiver applications 
— especially for radioteletype (RTTY) or serious CW 
work — a variable BFO is a desirable feature. But we 
are still at the mercy of the long and short-term drift 
characteristics of a free-running LC oscillator. In light 
of the considerable investment a homebrewer makes 
for a set of decent filters, it would be false economy 
to compromise an otherwise good receiver by using 
a second-rate BFO design. 

alternative approach — 
two 15-MHz oscillators 

I've been building a general coverage receiver for 
about five years — it's one of those low-priority pro-
jects that just sits on the back burner and is worked 
on only during periods of extreme ambition. During 
my last brain-storming session I tackled its BFO cir-
cuits. My particular application required a variable fre-
quency source between 5.593-5.597 MHz (for pass-
band tuning) and the ability to preset for sideband 
generation in a planned companion exciter that would 
make use of the receiver's BFO, VFO, and HFO 
signals. 

In designing the BFO circuits, I found an alternative 
to using expensive BFO crystals that would retain the 
versatility of a variable BFO. While my circuit uses two 
oscillators in the 15-MHz range, the particular frequen-
cies are not of primary importance. (It would be wise, 
however, to avoid frequencies that fall on other re-
ceiver IFs or in the main tuning ranges.) Plated crystals 
in the 10 to 22-MHz range (fundamental frequency) 
will work the best; surplus crystals using pressure-plate 
mounts are not recommended. 

What is important is that the frequency difference 
of the two crystals is in the exact center of the variable-
frequency range we desire. I ordered two CS-1 grade 
crystals from International Crystal Manufacturing 
Co.,* and they seemed to be quite willing to match 
the error of the two crystals during production. This 
BFO system is readily adaptable to other popular IF 
filters in the 5,8, or 9-MHz ranges by simply inserting 
the proper crystals into the circuit. 

Both crystals are used in identical Colpitts circuits 
(fig. 1), except in that the frequencies are varactor 
controllable to a small degree. The total BFO shift is 
at least 4 kHz using the fundamental mode. This shift 
can be increased to about 6 kHz by installing 1.0 ^H 
inductors (molded chokes) in series with the crystals. 
A circuit for overtone crystals in the 40-50 MHz range 
is shown, (fig. 2). The maximum frequency excursion 
is considerably lower — typically 1.5 kHz. Series in-
ductance can be used to increase the tuning range of 

By Peter J. Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 07061 
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fig, 1. Complete VCXO schematic. Shown are the fundamental mode oscillators, the mixer stage, and buffer. As described 
in the text, crystals Y1 and Y2 are in the 10 to 22 MHz range. International Crystal type CS-1 3rd overtone crystals I ICM 
No. 471360) were operated on their fundamental mode in this circuit. 

the overtone mode slightly, but the inductors should 
not be greater than 0.5 /iH. It is likely that most BFO 
requirements can be met with approximately a 1.5-kHz 
tuning range. 

With both varicap control inputs tied to 1 /2 Vcc the 
BFO output should be at the exact difference fre-
quency. If a small error exists it can be trimmed out 
by careful adjustment of the 45-pF trimmers in the Col-
pitts feedback network. Initially both trimmers should 
be set at midpoint, and any required trimming accom-
plished by adjusting both trimmers equally in opposite 
directions. NPO capacitors should be used in the 
oscillators. The oscillators should be powered from a 
9 to 10 volt regulated source. Either a zener or three-
terminal regulator will serve here. 

•International Crystal Manufacturing Co., 10 North Lee, Oklahoma City, 
Oklahoma 73102. 

SSB requires few kHz 
frequency change 

Some common VCXOs (Variable Crystal Oscillators) 
use both variable capacitive and inductive elements 
to achieve a wider pulling range. Typically these cir-
cuits become somewhat unstable at the tuning ex-
tremes. In this BFO design, we require only a few kHz 
tuning range to meet most SSB BFO requirements. 
In my circuit two oscillators are pulled in opposing 
directions, effectively doubling the range normally ex-
pected from a single oscillator. Producing the two 
varactor tuning voltages could be accomplished using 
a dual-ganged potentiometer, but I chose the more 
elegant approach of using an IC voltage inverter to 
drive one of the oscillator varicap diodes. This permits 
the use of a single-stage variable potentiometer to con-
trol both oscillators. At first glance, the circuitry used 
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to accomplish this may appear to be more involved 
than necessary. This will be explained in greater detail 
further into this article (see fig. 3). 

The mixer is a 40673 dual-gate MOSFET. An emit-
ter-follower buffer stage provides about + 7 dBm (5 

mW) when driving a 50-ohm load; or about 6 volts 
P-P driving a high-Z termination. The low-pass filter 
shown is optimum for outputs in the 5-6 MHz range. 
These values can be scaled for other IF ranges. Suit-
able filters can be found in tables appearing in hand-
books or electronic data books. 

good performance at low cost 
Although not shown in the schematics, it would be 

simple to switch trimpots into the circuit in place of 
the tuning potentiometer to permit generation of fixed 
discrete BFO frequencies. Thus, one could switch 
automatically to a preset BFO frequency during trans-
mit and have either preset or manual control of the 
BFO during receive. The real beauty of this circuit is 
in the long and short-term stability it ensures. Because 
of aging or temperature cycling, crystal or component 
variations should result in a nearly identical positive 
or negative frequency shift in both oscillators, but the 
desired difference-frequency will be closely main-
tained. Control voltages should be taken from a regu-
lated low-noise source for best results. The noise-floor 
of this BFO will be better than most free-running 
designs, contributing to better post-filter IF noise 
performance. 

The cost of this circuit compares favorably with the 
cost of individual low-frequency crystals. While the 
unit shown was built for 5.595 MHz, the basic scheme 
is useful for other HF and MF frequencies. The circuit 
is also useful for a variable frequency source in other 

REGULATED 9 VOLTS 

fig. 2. Optional overtone oscillator circuit for use in the 
BFO. Crystals again are ICM CS-1 (No. 4713601 3rd over-
tone cuts in the 40 to 50-MHz range. Using this overtone 
circuit, the maximum BFO tuning range will be limited 
to about 2 kHz. 
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fig. 3. Control tuning voltages are provided by this circuit. The settings for R1 and R2 are discussed in the text. Shielded 
leads should be used to carry the voltage-oscillator signals to prevent incidental FM modulation from external A C field. 
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applications requiring good stability over a small fre-
quency range, such as LOs for IF-variable passband 
or bandwidth tuners, or perhaps as a fine frequency-
shifter in some PLL designs. 

initial adjustments 
The varicap diodes do not exhibit a linear change 

in capacitance for a given change in voltage over the 
entire available VCXO tuning range. Some empirical 
"cut-and-try" adjustments will be needed to obtain the 
desired results. The greatest change in varicap capac-
ity occurs in the first few volts of tuning bias voltages; 
this is also the area of greatest non-linearity. Higher 
tuning voltages will result in smaller tuning ranges, 
while the tuning linearity will improve. Trimpot R1 sets 
the DC gain of the op amps (to control the maximum 
shift of the varicap tuning voltage). The op-amps 
should be powered from a well-regulated 15 to 24 volt 
supply. Maximum tuning range will be obtained with 
the higher voltage. 

Trimpot R2 sets the DC offset of the two op amps 
used to drive the varicaps (to set the DC voltage at 
which the tuning voltage will start and end). The 
LM324 op amps were used because of their ability to 
reach near the power supply bus voltages (Vcc and 
ground) extending the tuning voltage range to those 
limits. 

Trimpot R1 is adjusted to set the desired voltage 
swing for the varicap tuning produced by the full rota-
tion of the tuning potentiometer. Trimpot R2 is used 
to set the bias point of the varicaps (the voltage mid-
point between the tuning-voltage extremes). Regard-
less of the setting of R2, the center-tuning voltage for 
the two varicaps will be the same. For example, 
assume R1 was set for a 2-volt range, and R2 was set 
for a center-tuning voltage of 4 volts. The result would 
be that the noninverted varicap would swing from 3 
to 5 volts, while the inverting varicap tuning voltage 
conversely would swing from 5 down to 3 volts, for 
a full rotation of the tuning potentiometer. If R2 were 
set for 7 volts tuning-center, the varicap tuning vol-
tages would be from 6 to 8 volts and 8 to 6 volts, 
respectively. A t first this may appear to be trivial, but 
remember that the tuning curves for the varicaps is 
not a linear function. This circuit ensures that any non-
linearity of tuning — on either side of center — will 
be the same, or symmetrical to each other. Thus, the 
related panel markings would be symmetrical and 
more pleasing to the eye, and the "tuning-feel" more 
natural. 

reference 
1. Raymond C. Petit, W7GHM, "Phase-Locked 9-MHz BFO,' 
November, 1978, page 49. 
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a compact 
IF sweep generator 

A stable frequency source 
with excellent linearity 

and constant output level 

In a sweep generator for the lower IF and HF bands, 
tuning diodes, or "varicaps" generally don't produce 
sufficient frequency swing with acceptable linearity. 
On the other hand, other methods of frequency 
sweeping — for example, frequency conversion, 
reactance circuits, and mechanical tuning — may 
cause the cost and complexity of a home-brew pro-
ject to increase to the point of being both unaffordable 
and impractical. 

That is why, after coming across an old and half-for-
gotten oscillator circuit, I was pleasanlly surprised to 
find that a large frequency sweep with good linearity 
isn't that difficult to build, as this simple little test 
instrument shows. 

To keep the sweep generator as practical and un-
complicated as possible, I decided to use only one fre-
quency band (100 to 200 kHz), using the harmonics 

time-base generator 
oscillator 

output stage 
L-1/L-2 \ 

S-2 ^ 

Inside view of the IF sweep generator. Circuit simplicity and 
ordinary components provide a versatile test instrument. 

of the basic signal for higher frequencies. This 
approach offers the advantage of using only one coil, 
without any switching circuit. It also permits the use 
of a simplified power output stage, which requires only 
an ordinary low-power transistor. 

The principle of using harmonics works out very 
well. Because the frequency of a measured filter is 
generally known, confusion about the correct fre-
quency is unlikely. In addition, the waveform of the 
output signal cannot alter the response of the filter 
under investigation. Interference from other than the 
wanted harmonic is not possible either, because the 
next harmonic is always at least 100 kHz away. 

By making the sweep generator deliver pulses rather 
than sine waves, another advantage comes to light: 
it's easy to keep the output level of the different har-
monics constant, regardless of frequency variations, 
by simply maintaining ;the wave form (duty cycle) of 
the pulse signal. 

The little frequency sweeper has already demon-
strated its value — not only by aligning IF strips in my 
equipment, but also by inspiring me to carry out 
several interesting experiments with crystal filters that 
would otherwise be very difficult to do. 

how it works 
The principle of the variable oscillator is based on 

a vacuum tube circuit originally described by K.C. 
Johnson in the April/May, 1949 issue of Wireless 
World. Although it has been revived in solid-state form 
since that time, the circuit never really caught on for 
reasons perhaps best expressed by Johnson himself: 
" I t would appear," he said, "that most people do not 
believe that it could ever work." 

The circuit is basically that of a Butler oscillator (fig. 
1A) tuned to a frequency determined by L1 and C1. 
In the sweep oscillator, L1 is made electrically variable 
by what is known as "turns cancellation." This is 
achieved by coupling the coil to another coil, 12, which 
passes an RF current of opposite phase. 
The magnitude of this out-of-phase current depends 
upon the imbalance of a differential amplifier (fig. 1B). 

For example, when applying more negative voltage 
to its base, the gain of Q1 is reduced and 02 is conse-
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quently increased, thus increasing the RF current 
through the coupling coil, L2. 

As the direction of this RF current opposes the cur-
rent through L1, the inductance of the frequency-
determining L1 is effectively reduced, with the result 
that the oscillator frequency rises. 

The more turns on L2, and the tighter the coupling 
between L2 and L1, the more frequency deviation can 
be accomplished. Therefore, the principle has nothing 
to do with the magnetic properties of the coil as such, 
and the obtainable frequency variation is greater with 
powdered iron or ferrite toroids than with ordinary air-
wound coils, only because the core material permits 
the "cancellation" coil to assert a stronger influence 
on the tuning element. 

After some experimenting it soon becomes clear 
that this is a remarkable circuit. Not only can frequency 
variations be made unusually large; the frequency line-

OSC/LLATOR FREQUENCY ftHi) 

fig. 2. Oscillator basic frequency as function of D C con-
trol voltage, with C = 3750 pF. Dotted curve: C = 7500 pF. 

arity is also quite spectacular, as fig. 2 shows. The 
total range of the oscillator covers frequencies up to 
a ratio as great as 1:5, including a range of 1:2 with 
excellent linearity. 

Those who would like to experiment a little further 
with this "smart" circuit, may find it interesting to 
know that though the closely coupled coils are bound 
to introduce some stray capacitance, this does not pre-
vent the circuit from working at much higher frequen-
cies. Note that the RF voltages developed on the coils 
are of the same order: at the right-hand side they are 
connected to the same emitter follower. Indeed, the 
principle turns out to be useful for oscillators cover-
ing even the highest HF bands. 

oscillator 

The differential amplifier allows the tuning to be con-
trolled from two independent sources. The base of Q1 
is controlled by potentiometer R2 CENTER FREQ, 
while the base of Q2 receives its control voltage from 
the time-base generator (fig. 3). This provides a sim-
ple solution for making the sweep width symmetrical 
around the center frequency, regardless of amplitude. 
As the frequency/voltage sensitivity remains constant 
over the entire CENTER FREQ range, the output of 
the saw-tooth generator can be calibrated as A FREQ, 
which remains valid for all settings of CENTER FREQ. 

A high-quality potentiometer is recommended for 
R2. In fact, it is a type with very thin and closely wound 
resistance wire; however, a good-quality, large-size 
carbon potentiometer would also do the job. 

It is the oscillator's stability that determines the 
highest usable harmonic of the sweep generator. In 
practice this may be more than 10 MHz, providing that 
the following precaution is taken: the frequency stabil-
ity can be improved considerably by joining Q1 and 
02 with "super-glue" and then wrapping the pair in 
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BASIC I HARMONICS 
"SIGNAL T 

FREQUENCY (KHL) 

fig. 4. Effective output level of basic signal and its har-
monics up to 2 MHz. 

2 *78L!2 

e*IN400l (BOTTOM VIEW) 

fig. 6. Power supply for sweep generator. 

T 

fig. 5. Output waveforms of the sweep generator. Left 
at 100 kHz, right at 200 kHz. A s with varying frequency 
the duty cycle remains constant. The RF power level does 
not alter within the tuning range of each harmonic. 

thin copper wire, and finally soldering the total into 
one solid metal blob. This assures that the two tran-
sistors will remain at virtually the same temperature, 
while their common, relatively heavy thermal mass pre-
vents fast frequency drift. 

In applications in which the sweep generator is used 
for sweeping filters at frequencies lower than 100 kHz, 
the basic range of the oscillator may be dropped to 
50 to 100 kHz at the expense of a slight deterioration 
in frequency linearity. Double-throw switch S1 shorts 
one of the tuning capacitors and also shorts a resistor 
in series with the CENTER FREQ potentiometer. This 
enables the oscillator to work on half frequencies 
within the linear portion of the control range. 

The calibration of both CENTER FREQ and A FREQ 
could be done very accurately by listening to the har-
monics of the oscillator with a communication 
receiver. 

time base 
The sawtooth generator circuit enables sweep rates 

from twice a second, for slowly sweeping sharp-edged 
responses from crystal filters without the risk of ring-
ing effects, to 20 Hz, permitting a flicker-free oscillo-
scope display. 

To keep the frequency deviations symmetrical 
around the center frequency, R5 may need some cor-
rection. Also the values given for R7 and R8 are 
approximate, as these resistors determine the A FREQ 
calibration. 

When using a harmonic of the basic oscillator signal, 
not only does the frequency increase, but the indicated 
A FREQ value must also be equally multiplied. At 
higher frequencies the sweep width may consequently 
become too large and therefore impractical. Thus a 
provision was necessary for dividing the sweep width 
by a factor 10 in the form of R8. Normally this extra 
series resistor remains shorted by S2. 

wave-shaping circuit 
This circuit produces the harmonics of the oscillator 

signal. As a general rule, the widest harmonic spec-
trum may be created by generating the shortest pulses. 
However, the shorter the pulses, the less power each 
harmonic contains. After some experimenting (to 
compensate for my insufficient experience with 
Fourier-analysis techniques) I decided to aim for an 
output pulse with a duty cycle of about 30 percent. 
This is not too difficult to obtain and results in an 
overlapping spectrum of output signals, the levels of 
which remain — at least up to 2 MHz — within a 10-dB 
range (fig. 4). Only above 2 MHz does the effective 
output tend to drop beyond this range. 

The signal strength of each individual harmonic is 
a different matter. It should remain constant during 
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CENTRE FREQ.(kHz) A FREQ.(kHz) SWEEP RATE 

15 H 

20 o. 

,1 

20 

LEVEL 

IF sweep generator Has a frequency range of 1:2 with excellent 
linearity. 

the sweeping process. To make this possible, riot only 
the amplitude but also the duty cycle of the rectangular 
waveform must remain constant, regardless of 
frequency. 

A satisfactory sine wave can be obtained from the 
oscillator section by trimming R4 and C3. At the same 
time, a constant amplitude is maintained over the full 
frequency range. Q4 conducts mainly on the tops of 
this sine wave. These tops are then amplified and 
clipped, which results in a rectangular waveform 
(fig. 5). The surface of these pulses (amplitude X time) 
stays constant, regardless of frequency. This assures 
a constant output level of each harmonic. 

The pulse characteristic of the output signal permits 
the use of an ordinary low-power transistor for the out-
put stage. Functioning as an electrical switch, rather 
than an analog amplifier, the transistor must handle 
neither appreciable voltage nor current at any com-
mon moment in time. This explains how a perfectly 
cool little 200 mW transistor is capable of delivering 
the total output power (basic signal plus all harmonics 
together) of almost 1 watt. 

The output impedance of the final stage depends 
on the setting of the OUTPUT LEVEL potentiometer. 
At maximum setting, the output impedance is equal 
to half the value of the potentiometer; that is, 250 
ohms. Still, the sweep generator can be safely loaded 
with 50 ohms impedance without upsetting anything. 
Only an amplitude over 50 ohms will drop to one-fifth; 
that is, about 5 volts. 

power supply 

The power supply (both + 12 volts and - 12 volts 
at about 65 mA) may be very simple (f ig. 6), using 
78L12 voltage regulators. The hum level must be low, 
because any ripple on Q1 and Q2 control voltages 
causes frequency modulation. Although the toroidal 
coil L1 /L2 is relatively insensitive to stray fields, it may 
nevertheless pick up hum from a nearby transformer, 

fig. 7. Top: Response of IF amplif ier wi th 9 M H z crystal filter 
in HF transceiver. Sweep rate 4 Hz. Bottom: poorly matched 
mechanical bandfilter in 455 kHz IF amplifier (Collins F455-
J-311. S w e e p rate 4 Hz. 

causing a rippling oscilloscope display. It is for this 
reason that the power supply has not been incorpor-
ated into the sweep generator itself, but is instead con-
nected at the end of a 3-wire lead. 

The RF detector for this sweep generator is a sim-
ple diode detector. Two examples using this detector 
are shown in f ig. 7. However, the value of the 
measurement can be enhanced considerably by using 
a logarithmic detector instead. This permits an ampli-
tude display on a decibel scale, over several decades, 
if necessary. (A simple version of such a logarithmic 
detector will be the subject of a forthcoming article 
in ham radio.) 
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graphical selection 
of mixer frequencies 

See, at a glance, 
any spurious 

that might 
cause problems 

Selecting the proper mixer frequencies can be a 
real problem. Often a lengthy trial-and-error procedure 
yields unsatisfactory results because of too many 
spurious signals in the passband. The graphical tech-
nique described here will deliver more accurate results 
in less time and with less difficulty. Some plotting is 
required, and a simple calculator will help with the 
math. 

background 
When two frequencies,// and f j , are combined in 

a mixer, the nonlinear action of the mixer produces 
a series of products that have the form: 

P = Mfj + Nf
2 

<1) 

where M a n d Ware positive or negative integers, and 
P is the frequency of the combination. In ordinary 
mixer use, a bandpass or low-pass filter removes all 
but the desired product P, called the desired output 
frequency, or f

0
. Generally, the larger M and N are, 

the smaller the amplitude of P. Then, too, the farther 

a particular P is from f
0
, the less interference it will 

cause. One way to measure the frequency separation 
is to use the percentage separation, S, given by: 

P~fo S = 100 
fo 

(2) 

Now, if / / is always chosen as the smaller of / / and 
f
2
, then the ratio ft/J'2 can be given by: 

f/r - ~A±JMKzJl (3) 
Ji'J2 - s - I00(M - 1) 

where f
0
 = f

2
 + // 

S + 100(1 N) 14) or / ; / / > - 5 + 1 Q 0 ( I + M } 

where fa=h~ fi 

Equations 3 and 4 are used to plot the spurious com-
ponents, or spurs; eq. 3 is used for sum spur charts, 
and eq. 4 is used for difference spur charts. The case 
for N = M appears as a vertical line on the sum chart 
at S = 100(N - 1), and the case for N = - M ap-
pears as a vertical line on the difference chart, also 
at S = 100(N - 1). 

conversion of fixed frequencies 
Figure 1 shows a graph with several spur plots for 

f i = 3 MHz and f2 = 18 MHz. Which ones need to 
be plotted? Well, that depends on how stringent your 
requirements are. Once you determine how low the 
spurs must be, you need plot only the spurs which 
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table 1. Typical values of spurious levels in a double-
balanced mixer. Values shown are in dB below desired 
output. Here, f 2 is the local oscillator frequency. 

h 2f2 3f2 4f2 5f2 6f2 

6f, 9 0 9 0 90 9 0 90 9 0 

5f, 8 0 9 0 71 9 0 68 90 

4f, 9 0 8 6 80 8 8 85 8 6 

3f, 6 4 6 9 50 77 47 7 4 

7 3 74 70 71 64 6 9 

fi 0 3 5 13 4 0 24 4 5 

might exceed that level. Some manufacturers provide 
tables of spur levels for different values of M and N.* 
Table 1 shows some typical values. 

To use a spur chart such as shown in fig. 1, you 
must somehow represent the bandwidth of the sys-
tem. In fig. 1, this is done by plotting a dashed line 
representing an output frequency range for a given / / 
and F2. The end points are denoted by SI and SR. 

SL = 100foL_fo (5) 

and 

S r = ] 0 0 f ™ - f o (6) 

•Mini-circuits, P.O. Box 166, Brooklyn, New York 11235, and Watkins-
Johnson Company, 3333 Hillview Avenue, Palo Alto, California 94306, (or 
example, furnish tables of this kind. 

where/o/ and f0K are, respectively, the low and high 
ends of the output passband. Si and S/j are the 
abscissa values; the ordinate value, / / / /2 , is already 
known. Refer again to fig. 1. If, for example, an out-
put passband of 10 MHz is chosen, from 15 MHz to 
25 MHz, then SL = -28.6 and SR = 19.0. The 
ordinate is V f 2 = 3/18 = 0.17. Note that two of the 
spurs intersect the bandwidth line, - f i + f2 and 
2f! + f2. This means that these two spurs are in-band 
harmonics. If the bandwidth was narrowed to, say, 
5 MHz (18.5 MHz to 23.5 MHz), then the end points 
would be closer together and the spurs would be out-
side the passband. Note that if the slope of the filter 
is known, the attenuation of the out-of-band spurs can 
be calculated because fig. 1 indicates how far out on 
the filter skirt the spurs are located. Of course, there 
is still the problem of the 18-MHz signal in the out-
put. It, too, is a spur, and must be taken into con-
sideration since it will be down probably no more than 
50 dB. 

conversion of bands of frequencies 
Now that I've discussed a specific case with fixed 

frequencies, let's consider the general case — con-
verting one band of frequencies to another band of 
frequencies where f i , f2, and fo have different band-
widths. Suppose you want to convert 300 MHz ±10 
MHz to 200 MHz ± 15 MHz by mixing with 100 MHz 
±5 MHz. You have f1L = 95 MHz, f1 H = 105 MHz, 
f2L = 290 MHz, f2 H = 310 MHz, f0 L = 185 MHz, 
and foH = 215 MHz. First you'll outline the region you 
want to be free of spurs. (In general, this takes the 
shape of a hexagon with slightly curved sides. Since 
the curvature is slight, you can assume straight lines 
to ease the computations and still retain good ac-
curacy.) This is done by using eqs. 5 and 6 to calculate 
the corner points. Different combinations of the high 
and low extremes of f} and f2 are used to find each 
particular fy. Here's how to do it (remember — fo = 
f2 - f i here). 

Calculate: Sl using fn_ and f2n 
Sl using f ^ and f2n 
Sl using f ^ and f2|_ 
SR using f m and f2[_ 
SR using f1L and f2L 

Sr using fn_ and f2n 

These calculations produce the numbers shown in 
table 2, and the six points 1 through 6 in fig. 2; the 
dashed lines define the desired spur-free area. For this 
combination of frequencies, two spurs cross the hex-
agon. Either of two things can be done to resolve this. 
You can change the frequencies or try a high-level 
mixer with reduced drive, which will result in fewer 
spurs. 
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PERCENTAGE SEPARATION 

fig. 2. Spur chart for conversion of bands of frequencies 
— f0 = f2 + fv The circled numbers (1-6) are those 
referred to in the text and listed in table 2. 

table 2. Values for points 1 through 6 in fig. 2. 

point s L SR V«2 
1 - 13.95 - 0.31 
2 - 9.76 _ 0.34 
3 0.00 - 0.36 
4 - 16.22 0.36 
5 - 10.26 0.33 
6 _ 0.00 0.31 

As a final example, let's try upconverting 28-32 MHz 
to 50-54 MHz by mixing with 22 MHz. Here, i , has 
zero bandwidth (f-j|_ = f ^ ) . This produces the dashed 
line (—) shown in fig. 3. Two things are evident: the 
hexagon is now a quadrilateral (because one of the 
frequencies, f-|, has zero bandwidth), and one of the 
spurs cuts through this quadrilateral. If you select a 
different combination — say, f i = 22.5 MHz and 
f2 = 27.5 - 31.5 MHz — then you get a quadrilateral 
as shown by the dashed-and-dotted line (—) in fig. 
3. This new area is spur-free so the filtered output will 
be free of spurs. 

PERCENTAGE SEPARATION 

fig. 3. Spur chart with f1 having zero bandwidth — 
fn f, + (,. 

appendix 

Equation 2 can be rewritten to give: 

P M. + f 
100 + Jo (7) 

For the case when f o = f2 + f t . inserting eq. 1 in eq. 7 yields 
P = M(f0 - f2) + Nf2, or 

P - Mf0 
f2 ~ N -M 181 

Equation 8 can be used in the expression for f i / f i to eliminate Jy. 
f o - f 2 _ Nf0 ~ P 

f o • P \tf„ h'h = (9) 

Now, if eq. 7 is inserted into eq. 9: 
Nfo ~ tfoS/100 + fo) 

f i ' h f0snoo • f „ MFg 

- S + 100(N - 1) 
S - KXHM - l> 

'f f o ~ f2 ~ f i t 3 similar procedure gives: 
P + MFg 
N + M' 

P - Nfo 
P + Mfo 

h 

f t ' f 2 = 

and 

ft/fz 
S + 100(1 - NJ 

S • 100(1 + M) 

(3) 

(10) 

(11) 

(4) 

reference 
1. M.Y. Huang et. al., "Select Mixer Frequencies Painlessly," Electronics 
Design, No. 8, April 12, 1976, pages 104-109. 
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Morse code 
computer tutor 

Let your VIC-20 
help you upgrade 

For many Amateurs, it isn't theory or rules and regs 
that make upgrading difficult — it's the code. Jumping 
from a plateau of 10 words per minute or 18 words 
per minute seems impossible. 

Satisfying these code requirements is even more dif-
ficult if you don't get enough practice. If CW isn't your 
favorite mode of operation, you're not likely to push 
yourself to practice on the air. Practice with code tapes 
can be productive — until you start memorizing them. 
And W I A W ' s code practice, while useful, may not 
always match your schedule or be strong enough to 
copy. 

With this program (fig. 1), you can turn your VIC-20 
personal computer into your own personal Morse code 
computer tutor. This tutor will give you all the prac-
tice you ask for at any time, at any speed, and always 
at Q5 conditions. 

what the program does 
The computer tutor sends groups of 20 random 

Morse code characters at any user-selectable speed 
starting at 4 words per minute. You type in the 
characters as they are sent. After the twentieth 
character the tutor identifies the random characters 
it has sent, and then lists your responses and your 
score. A particular advantage of this system of prac-
tice is that it forces you to copy Morse code with a 
keyboard; without a keyboard, few people can 
transcribe code at speeds greater than 25 WPM. 

how the program works 
After printing a sign-on message the program in-

puts the user-selected speed in line 5. Lines 6 through 
9 initialize certain variables such as character counter, 
correct response counter, and character strings. Lines 
20 through 91 are subroutines that store all the 
dot/dash patterns and their printable equivalents. 

The selection of the random character and its con-
version into Morse code begins at line 100. Here the 
program generates a random number between 1 and 
36 inclusive. Lines 110 through 120 use the random 
number to select one of 36 characters — the letters 

t REM MORSE CODE COMPUTER-TUTOR 
BY LAWRENCE G SOUDER, N3SE 

2 PRINT "OI WILL SEND A GROUP OF TWENTY CHARACTERS. 
FOR SCORE HIT RETURN." 

3 PRINT "HOW MANY WORDS PER MINUTE DO YOU WANT-?" 
5 INPUT V 
6 S » 27-V 
7 C=0 
8 1=0 
9 T«="" 
10 GOTO 100 
20 C*=".-A" 
21 RETURN 
22 C*="-...B" 
23 RETURN 
24 C*="-.-.C" 
25 RETURN 
26 .D" 
27 RETURN 
2S C*=".E" 
29 RETURN 
30 C««"..-.F" 
31 RETURN 
32 C*="—.G" 
33 RETURN 
34 C»=" H" 
35 RETURN 
36 C»="..1" 
37 RETURN 
38 C*=". J" 
39 RETURN 
40 C«-"-.-K" 
41 RETURN 
42 C«*".-..L" 
43 RETURN 
44 C » = " — M " 
45 RETURN 
46 C*="-.N" 
47 RETURN 
48 C*=" 0" 
49 RETURN 
50 C*=".—.P" 
51 RETURN 
52 C«="—.-Q" 
53 RETURN 
54 C«=".-.R" 
55 RETURN 
56 C»="...S" 
57 RETURN 
56 C*="-T" 
59 RETURN 
60 C*»"..-U" 
61 RETURN 
62 . . - V " 

63 RETURN 
64 C«*".—W" 
65 RETURN 
66 C*="-..-X" 
67 RETURN 
68 C«="-.—Y" 
69 RETURN 
70 C«=" — . . Z " 
71 RETURN 
72 C«=". 1" 
73 RETURN 
74 C*=".. 2" 
75 RETURN 
76 C«="...—3" 

fig. 1. N3SE program for Morse code training and prac-
t ice on the VIC-20. 
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77 RETURN 
76 C * » " - A " 
79 RETURN 
SO C*=" 5 " 
81 RETURN 
82 C » " " - 6 " 
83 RETURN 
84 £ « = " — . . . 7 " 
85 RETURN 
86 C*=" - . 8 " 
37 RETURN 
88 C»=" . 9 " 

RETURN 
90 C»=" 0 " 
91 RETURN 
100 R=INT(RND< 1>*36H-1 
103 IF C=20 GOTO 500 
105 IF R ? 21 GOTO 120 
110 ON R OOSUB 2 0 . 2 2 . 2 4 . 2 6 . 2 8 , 3 0 . 3 2 , 3 4 , 3 6 . 3 8 , 4 0 , 4 2 . 

4 4 , 4 6 . 4 8 . 5 0 . 5 2 , 5 4 . 5 6 . 5 8 . 6 0 
115 GOTO 130 
120 ON R-21 GOSUB 6 2 , 6 4 . 6 6 . 6 8 . 7 0 . 7 2 , 7 4 , 7 6 . 7 8 . 8 0 . 8 2 . 

8 4 . 8 6 . 8 8 . 9 0 
130 T*«T*«-RIGHT*(C*. 1 ) 
131 C - C » l 
134 C1*=R IGHT* (C* .1 I 
135 GOTO 200 
140 GOTO 100 
200 L=LEN<Ct> 
205 L = L - 1 
210 N=I 
220 M * = M I D * ( C t . N . 1 ) 
230 N=N+1 
240 GOSUB 400 
250 IF t->=N GOTO 220 
260 FOR X=1T010»S!DET L * 
262 IF L * 0 " " T H E N Kt«KS+L« 
265 NEXT X 
270 GOTO UlCl 
400 S1=S 
410 I F M*="~ " THEN S1=7«S 
420 POKE 36878 . 15 
430 POKE 3 6 8 7 5 . 2 4 0 
440 FOR X=1T0S1»2: NEXTX 
450 POKE 3 6 S 7 9 . 0 
460 FOR X=1T0S:0ET L* 
464 I F L*<>" "THEN K«=K*+l_* 
468 NEXT X 
470 RETURN 
500 INPUT R 
505 FOR X=1 TO 20 
510 IF M I D * ( T * . X . l ) ° M D « ( K « . X . l ) THEN 
520 NEXT X » 
525 PRINT " 0 " 
527 P R I N T 
530 PRINT T« 
540 PRINT K» 
545 PRINT 
550 PRINT "YOUR SCORE IS " ! 1 0 0 » ( Z / 2 0 ) i " X " 
560 PRINT "AGAIN AT SAME SPEED0" 
570 INPUT R» 
580 IF R * = " Y " GOTO 7 
582 PRINT "AT DIFFERENT SPEED?" 
584 INPUT R* 
586 IF R*= "Y" GOTO 3 
590 END 

A through Z and the numerals 0 through 9. For exam-
ple, from the random number 7 these lines will select 
the character " G , " which is held in line 32. 

Before the dot/dash patterns are sent in Mor se 
code, line 130 separates the printable character from 
its Morse elements and saves it to be printed later. For 
example, it separates the letter " G " from the string 

" .G " . Lines 131 through 265 take each dot and 
dash and call up a subroutine to output a tone of the 
proper duration. This subroutine is in lines 400 
through 470. 

•Tluj heart-shaped graphic character in lines 2 and 525 is used to clear the 
screen in the VIC 20. 

T w o F O R - N E X T loops produce the delays for the 
dots and dashes and for the spaces between dots, 
dashes, and characters. During these delay loops the 
program inputs any response from the user. After 20 
characters have been sent, lines 500 through 550 com-
pare the random characters sent with the responses 
typed in and print out both strings of characters along 
with the user 's score. Then lines 560 through 586 ask 
the user whether more practice is desired at the same 
speed, at a different speed, or not at all. 

modifying and adapting the program 
You might improve the program by adding some of 

the other characters such as punctuation. D o this by 
adding character string statements after line 91. Then 
extend the range of the random number generator by 
the same amount. For example, if you want to add 

a comma, add these lines after 91: 93 C$ = " 
, " ; 94 Return. Then change the random number 

generator in line 100 to: 100 R = INT(RND(1) *37) 
4- 1 to make its range 1 through 37 inclusive. 

N o w there's no excuse to put off upgrading. With 
this computer tutor you can get as much code prac-
tice as you need at any time — and improve your 
typing skills, too. 
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ham radio 
TECHNIQUES 

As this issue went to press, U.S. 
Amateurs received FCC approval to 
operate on the new 12-meter band 
(24.89-24.99 MHz) as of June 22. Un-
fortunately, we're approaching a 
sunspot minimum and the band will be 
relatively worthless for long-distance 
skip communication. But all is not lost 
— good contacts can be had by 
sporadic-E skip, and once in a while an 
unusual burst of activity from the sun 
will open the band for DX for a few 
hours. In any event, it's a good idea 
to get on the band and enjoy this new 
chunk of spectrum as soon as oper-
ation is authorized. 

I've monitored the band for years 
and have heard plenty of DX when 
conditions were good. Over 40 coun-
tries are licensed for operation on the 
12-meter band. See how many of 
them you can hear and work! Even at 
the low point of the sunspot cycle, the 
north-south path isn't bad, and you 
should be able to work some South 
American Amateurs when the band 
opens up. 

antennas for 12 meters 
Amateurs who have an "all-band" 

antenna with a tuner at the operating 
position can get on the band immedi-
ately. Others will have to improvise. 
One quick way to get on the air is to 
string up a dipole or inverted-V to your 
tower and feed it with a separate coax 
line as shown in fig. 1. The higher you 
can get it in the air, the better the 
results. 

Another easy-to-erect antenna is a 
ground plane (fig. 2). As in the case 

of the dipole, the higher you can erect 
it, the better it will work. If you have 
time to build a beam for the band, fig. 
3 provides dimensions for a quad 
antenna and fig. 4 provides Yagi 
information. 

IB' 9" 
~<S.7t») ' 

2 / 
INSULATOR 

(TYP) 

-50 OR 75 OHM 
COAX 

/ h i 

fig. 1. Get on the new 12-meter band 
quickly wi th this dipole or inverted-V 
antenna. 

«-9' 4" (2 8m) 

J (2.9m) 
TYPICAL 

50 OR 75 OHM 
COAX 

/ ^ n r 

fig. 2. Simple ground plane for the new 
12-meter band. Vertical portion is made 
of 3/4-inch aluminum tubing. Radials are 
No. 14 wire. 

the G8PO "JAWS" antenna 
G8P0 has discussed an interesting 

variation of the quad loop that has pro-
vided superior results on 7 MHz (fig. 
5).1 Mast height is less than that 
required for the conventional loop as 
the bottom portion is bent out of the 
vertical plane. The antenna is fed at 
one corner by a gamma match system 
to provide a good match to a coax line. 
Antenna polarization is vertical. 

The lower portion of the loop has 
three conductors in parallel, running 
nearly horizontal to the ground. Tests 
indicated improvement in performance 
over the England-New Zealand test 
path and some front-to-back signal 
discrimination became apparent. 

Checks against a conventional loop 
over the same path showed that the 
regular loop was consistently weaker 
during many contacts. The forward 
gain of the JAWS antenna was esti-
mated to be 3 dB or better, and the 
front-to-back ratio was about 6 dB. 

i ' i i " 
~ (l.3m> 

1 
S'9" 

(30m 1 10' I" 
(3.1m) 

f ig. 3. Two-e lement quad for the 
12-meter band. Driven element is fed at 
point F wi th SO or 75-ohrn coax line. 
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5 'II" 
(I B ml " 

5'II" 
' (I.am) ' 

0 » IB'4" (5.6M) 
A - 18' 11" (B.Bm) 

R - eo'3"(e.emi 

fig, 4. Dimensions for 12-meter beam 
made out of 1-inch tubing with 7/8-inch 
tip sections. Feedpoint resistance at Fis 
about 20 ohms. 

The gamma match is made of wire, 
with the gamma section measuring 
about 6.5 feet (1.98 meters) long and 
spaced away from the loop wire about 
4 inches 110 cm). The gamma capac-
itor is 200 pF. 

the multiband antenna 

Independent experimenters have 
discovered that altering the shape of 
a driven element can change the har-
monic resonance without appreciably 
altering the fundamental resonant fre-
quency of the antenna. This is a good 
technique to use for a two-band an-
tenna. A typical linear element of uni-
form diameter, unfortunately, does not 
exhibit resonance on the exact har-
monic frequencies because of end 
effects. A 7-MHz dipole, for example, 
is not resonant in the 21-MHz band. 

However, by changing the shape of 
the element, the third harmonic reso-
nant frequency can be lowered with-
out changing the fundamental fre-
quency to any great extent. The prin-
ciple is illustrated in fig. 6. The vertical 
antenna element A exhibits a quarter-
wave resonance at 3.6 MHz. By for-
mula, the antenna is 65 feet (19.81 
meters) high. The third harmonic reso-
nance, by formula, falls at 11.6 MHz. 
The actual third harmonic of 3.6 MHz, 
however, is 10.8 MHz. Thus there is 
a difference of 800 kHz between the 
actual third harmonic of the funda-

ie's' 
(Bm) 

EACH RADIAL HAS A LENGTH OF S«'H"(2Im) 
APEX OF EACH IS FIXED TO A SUITABLE 
ANCHORING POINT 
A P E X I' 8"(50cm) APART 
X - INSULATORS 

fig. 5. The G8PO "JAWS" Antenna for 40 meters. Directivity is to the left through the 
apex of the three parallel-connected wires. I Figure courtesy RSGB.) 

mental frequency and the third har-
monic resonance of the vertical. 

If the vertical resonance at the third 
harmonic region could be "pulled" 
down to 10.1 MHz, then the antenna 
could operate in the 30-meter ham 
band (10.1 to 10.15 MHz). Can this be 
done without disturbing the resonance 
in the 80-meter band? 

Figure 6B shows the technique to 
accomplish this. The antenna element 
is made "fatter" near the area of max-
imum third harmonic voltage. This pro-
vides additional capacitance to ground 
at this frequency. On the fundamental 
frequency, the voltage is much lower 
at this point in the antenna element 
and the capacitive effect to ground is 
much less. In this manner the third har-
monic resonance frequency is lowered 
without too much effect on the fun-
damental frequency. 

Shown in fig. 7 is an antenna 
developed by K6KBE for two-band 
operation. A three-legged tower hav-
ing a very thin upper portion and a 
tapered lower section, this antenna 
shows resonance on both the 80 and 
160-meter bands (fig. 8). 

® 

AT 
FUND A MENTAL 

J, 

-X/4 AT 
FUNDAMENTAL 

fig. 6. Antenna shows classic response 
on fundamental and third harmonic. 
Antenna B exhibits lower-than-normal 
resonance on third harmonic while fun-
damental resonant frequency remains 
virtually unchanged. 

The tower is 132 feet (40.2 meters) 
high with a base 12 feet (3.66 meters) 
on a side. The design frequencies are 
1.85 and 3.7 MHz. The SWR across 
the 160-meter band is less than 1.8:1 
at the band edges and below 1.5:1 
from 3.5 to 3.9 MHz, rising to 2.3:1 at 
4 MHz. 

The top 44 feet (13.41 meters) of the 
antenna consists of a flexible alumi-
num whip, 2 inches (5.08 cm) in diam-
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132' 
(40.2 m) 

06' 
iZG.em) 

4S' 
m.Sml 

- 3" (T.CZcmt 
DIAMETER 

- <" {10.16 Ctrl 
DIAMETER 

•S"ti.OO) TYPICAL 

- our WIRES, 
rrptcAL 

fig. 7. Details of 160/80-meter vertical antenna at K6KBE. Three-legged tower is 88 feet 
(36.88 meters) high wi th 44 foot (13.41 meter) whip on top. 

eter at the butt, tapering to 0.5 inch 
(1.27 cm) at the tip. The whip is actu-
ally 2 feet (61 cm) longer than this, 
with the extra length forming the joint 
to the main tower, which is 88 feet 
(26.82 meters) high. 

The bottom 42 feet (12.8 meters) on 
the tower is made of aluminum tubing 
4 inches (10.16 cm) in diameter, with 
a 0.093 inch wall thickness. The top 
portion [to the 88 foot (26.8 meters) 
level I is made of 3-inch (7.62 cm) 
diameter tubing having a 0.063 inch 
wall. The cross-guys are made of 0.25 
inch (1.27 cm) aircraft cable. Turn-
buckles permit the assembly to be 
tightened by the assembler until a very 
rigid structure is achieved. 

Anyone who has heard K6KBE's 
signal on 80 or 160 meters knows this 
antenna works! 

speaking of radials . . . 
I just got a note from WA6BAN tell-

ing me more about his experiments 
with his 40-meter vertical ground plane 
antenna. He put it up with three radi-
als, setting the base of the antenna a 
few feet above ground level. After he 
achieved resonance, he measured the 
feedpoint resistance with a General 
Radio RF Bridge. The result was about 
58.3 ohms. He added a few more radi-
als and the feedpoint resistance 
dropped to 53 ohms. Three more radi-
als brought the resistance down to 51 
ohms. Finally, he added more radials 
until he had eleven, and the feedpoint 
resistance dropped to 45 ohms. 

His conclusion was that when the 
ground plane antenna is mounted 
close to the surface of the ground, you 
need "a lot more" than eleven radials 
to approximate a feedpoint impedance 
of 36 ohms. W2FMI, in his classic QST 
series on ground plane antennas,2 

came to the conclusion that sixty radi-
als were required when they were laid 

fig. 8. The self-supporting 160/80-meter 
vertical antenna at K6KBE. 

on the surface of the ground.3 When 
elevated radials are installed a few feet 
above the ground, it is possible that 
fewer will do the job. The correct num-
ber seems to be between eleven and 
sixty! (Anybody out there have a closer 
" f i x " on this?) 

broadcast filter for 
160 or 80 meters 

If you live in a residential or urban 
area, you can experience severe 
crosstalk and overload problems from 
local broadcast stations if you attempt 
to operate on 160 or 80 meters. (A 
friend of mine, located a few miles 
away from a local broadcast station, 
measured over 4 volts of RF pickup on 
his 80-meter vertical antenna. It com-
pletely locked up his receiver.) 

Designed by K6KBE, the filter 
shown in f ig . 9 is an adaptation of the 
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New From 
Butternut® 

HF2V 
DX The 80 & 40 
Meter Bands 

The HF2V is the perfect complement 
for the Ham who already has a beam 
antenna for 10-15-20 meters. Add 80 
and 40 meters (160 meters with an op-
tional resonator kit) with a trim-looking 
vertical that can be mounted almost 
anywhere. 

With the decline in sunspot activity, 
the HF2V's low angle of radiation will 
get you DX on the low bands - - even 
when 10-15-20 meters are "dead." 

Automatic bandswitching. No lossy 
traps. Double wall tubing on the bottom 
section. Stainless steel hardware. Full 
Vs wavelength on 40 meters. 
Height: 32 ft. --Self supporting 
Power rating: legal limit 
VSWR: 2:1 or less 

40 Meters: Full CW & Phone 
band 

80 Meters: 90 kHz 
Add-on resonator 
160-30-20 meters. 

kits available for 

Write for our FREE CATALOG. 

BUTTERNUT 
ELECTRONICS 

405 East Market Street 
Lockhart, Texas 78644 

(512) 398-9019 

GROTH-Type 

TC2 $12.50 
TC3 $13.50 
Spinner Handle 

Add $1.50 
Prices incli idn UPS 
Of Pflrcol Posl in US 

99.99 Turns 
One Hole 
Pane! Mount 
Handy Logging Area 

• Spinner Handle Available 
Case: 2 x 4 " ; shaf t V i " x 3 " 

M o d e l T C 2 : S k i r t 2 - 1 / 8 " 
K n o b 1 - 5 / 8 ' 

M o d a l T C 3 : S k i r l 3 " ; 
K n o b 2 - 3 / 8 ' 

10 METER F.M. 
M 310-79.700 MNf m 10 kMi Stffpv tOO M«l Itopealvr Spt.l pfOWtd«d. 
4W nf Out 0.3 ̂ V t«K t? on Sltwff. dm M<C. mobll* ee»dl» «lc 

AIR POST 
PREPAID 
WORtDWtDE 

VISA CARD 
MASTER CARD 
IUO ORAF1 

S.M.D. Ltd., Totton, Southampton, SIM 4DP, U.K. 
^ 129 

R. H. BAUMAN SALES 
P.O. B o x 1 2 2 , I tasca , I I I . 6 0 1 4 3 
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s 12* 
H A M - T A O S 
Amateur Radio 

standard for mobiles' 

H A M ' T O G B Youf call on each vehicin Call at lop or bottom 
of frame, and Irame fionl plate No-nonsonsc. full refund, 
guarantee 51 50 shipping {First Class Mail) 130 

b h c 1716 Woodland. Houston, TX 77019 (713) 522-5755 ^ 

d C5 C6 

" i "I "1 
EjCffPI a* mdtcntod. decimal 
values or rapaeifitnrc at* in nnr.ia toads fi Ft. olfiorv «ie in plcolat ada tpFX Kii itMCH ale In oru»% 1 a 1,000 M ^ \fm.000 

IGOM BOM 
CI 3330 ieez 

C2 S3IB 1275 

C3 800 27! 

CI nie 683 
C5 1242 60J 
C6 2554 (•104 
(.f r » 4 1 

tz 7 5 4 1 
L3 3.64 2.0 
L4 2,75 IS 
LS 4.01 2 2 

L6 re. 63 10.2 

f ig . 9. B r o a d c a s t f i l te r f o r 160 or 80 
m e t e r s . 

absorption filter originally used where 
suppression of harmonic energy is 
desired. In its original configuration, 
there are two complementary filters 
consisting of a high pass section ter-
minated in a resistor and a low pass 
section to pass the desired signal. In 
this case, the reverse idea is used so 
that all energy below cutoff is routed 
to a dummy load while all energy 
above is allowed to pass. 

The cutoff frequency for the 160-
meter filter is 1.65 MHz; for the 
80-meter filter, it's 3 MHz. 

references 
1. This material is extracted from "The G8P0 JAWS 
Antenna." by Cdr. J.E. Ironmonger. G8PO. Radio 
Communication, November, 1984, pages 954-957. 
IDon't ask me what JAWS stands lot - I can't figure 
it out either!) 
2. Jerry Sevick, W2FMI. "The ground-image Vertical 
Antenna," QST, July, 1971, page 16. 
3. Fur more information on ground radiuls and verticals 
in general see the K2BT series of articles on phased 
arrays, horn radio, May, June, July, Oclober, 
December, 1983 and May, 1984 - Ed. 
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designing Yagis 
with the Commodore 64 

See how gain and F/B 
can remain high 

across the entire band 

In 1980. ham radio published a series of articles by 
W2PV on Yagi design.1 As an avid DXer and a member 
of Potomac Valley Radio Club, I'd crossed paths with 
W2PV under contest conditions many times. He 
always had a fantastic signal, and after reading his 
series I realized why. W2PV was using superior an-
tennas, all positioned at the correct height above 
ground. 

Through computer research, W2PV showed that 
merely stating the mechanical length of an element 
of a Yagi beam does not actually reflect its true reso-
nant frequency, especially when tapered elements are 
involved. He has also showed that tuning the reflec-
tor 5 percent below and the director 5 percent above 
the band center makes a poor beam. Commercial 
antenna specifications usually indicate maximum gain, 
maximum front-to-back ratio, and an SWR curve. But 
what they don't tell you is that the maximum gain and 
maximum front-to-back ratio do not occur at the same 
frequency, nor do they occur in the band center. They 
also don't tell you that as you tune away from these 
frequencies, the gain and maximum front-to-back ratio 
can fall off rapidly, indicating that although you may 
have 8 dB of gain at some frequency, you may only 
have 3 dB of gain near the band edges, depending on 
the tuning of the parasitic elements. 

W2PV demonstrated that gain is primarily depen-
dent on boom length and not on the number of ele-
ments on the boom, especially in the 1 /4 to 3/4 boom 
length range. In addition, a naturally high front-to-back 

ratio occurs on a 1 /4 wavelength boom and odd multi-
ples thereof. He carefully designed his Yagis so that 
they would maintain a high gain and high front-to-back 
ratio over a 4 percent bandwidth, which will cover all 
of 15 and 20, most of 40, and a good portion of 10 
meters. In order to do this the parastic elements must 
be tuned closer to the driven element reducing the 
SWR bandwidth. This is a small price to pay for main-
taining almost maximum gain over the whole band. 
For example, the reflector of his three-element mono-
bander is tuned 1.7 percent below the central design 
frequency and the director is tuned 4.2 percent above. 
He also proved that the resonant frequency of a 
tapered element could be very accurately determined. 

About a year ago I wrote a program in BASIC using 
the formulas and data in the W2PV articles. With it 
you can turn your commercial antennas or scrap alumi-
num tubing into W2PV super beams. The program 
(fig. 1) is in simple BASIC with no peek or poke state-
ments, and runs on the Commodore 64 computer. 

program description 
Lines 100-450 are a brief history of the program and 

instructions to the user. The type of beam you are de-
signing is entered in lines 460-500. The actual lengths 
and diameters of each element are entered on lines 
550-620, while the subroutine lines 5000-5040 prints 
the inputs to the screen. Lines 2000-2040 place data 
into the A array and if the average diameter calculated 
on line 670 is 0.875 the date in A array is dumped into 
R array. If the average diameter is not 0.875, then new 
data is calculated in lines 2100-2200 and placed into 
B array. Then B array is dumped into R array via lines 
2210-2220. The element half-length that you are trying 
for per the central design frequency you entered earlier 

By Alan Hoffmaster, WA3EKL, 929 Andrews 
Road, Glen Burnie, Maryland 21061 
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fig. 1. WA3EKL program for designing 10. 15, and 20-meter 
Yagis with the Commodore 64. 

100 PRINT"MONO BAND ANTENNA DESIGN" 
102 DIMC«<3|,B*<4) 
104 P R ! N T : P R I N T " 0 0 VOL) WISH INSTRUCT JONS I Y / N ) " t I I N P U T C * 
106 IFC« - "N "THEN430 
108 MS INT 
JJO P R I N T " T H I S PROGRAM WAS WRITTEN USING THE FORMULAS PUBLISHED I N (900 MOM RADIO" 
112 PRINT"MAGAZINE AND WRITTEN BY W2PV MHO PROVED MATHEMATICALLY AND EXPERMENTAL 
1 14 PR INT "THAT ANTENNA ELEMENT RESONATE FREQUENCY LENGTH I S NOT A SIMPLE" 
J 16 PRINT -CALCULAT ION ESPECIALLV WHEN TAPERED ELEMENTS ARE INVOLVED." 
120 PRINT 
U O PR!NT"MECHANICAL RECOMMENDATIONS" 
140 FR INT"20 METER BOOM SHOULD BE 3 OR 4 INCH DIAMETER A L U M I N A IRR IGAT ION" 
ISO P R I N T " P I P E DEPENDING ON LENGTH." 
I AO PR INT "ELEMENTS SHOULD BE TAPERED SEGMENTS PROM 1 1/4 INCH TO 1/i' INCH" 
165 PRINT"DIAMETERS OF <,061 T6 SEAMLESS TUBING OR EQUIVALENT . " 
182 0IM1*(3) 
195 P R I N T J P R I N T " T O CONTINUE INSTRUCTION PRESS RETURN"st INPUT I » 
190 P R I N T J P R I N T " 1 0 - 1 3 METER BOOMS SHQULO BE MADE OF 2 INCH ALUMINUM I R R I G A f I O N P I P E . ' 
200 PRINT'ELEMENTS SHOULD BE TAPERED FROM 7/0 INCHES TQ 5/8 INCH DIAMETERS OF" 
203 PR iNT "&061 T6 SEAMLESS TUBING OR EQUI VALEN T. " 
210 PRINT :PRJNT"ELECTRICAL RECOMMENDATIONS." 
215 PR1NT"FOR MAXIMUM FRONT TO BACK RATIO USE A 1/4 WAVELENGTH BOOM ON A J ELEMENT" 
220 PRINT"BEAM AND 3/4 WAVELENGTH BOOM ON A 4 .3 OR 6 ELEMENT BEAM." 
225 PR!NT"EQUALL.v SPACE ALL ELEMENTS ALONG THE BCIOM REQUARDLESS OF LENGTH." 
230 PR I NT "FOR A GOOD 2 ELEMENT BEAM USE A BOOH LENGTH OF .130 WAVEl ENGTH. >• 
240 PRINT"FOR A GOOD J ELEMENT BEAM USE A BOOM LENGTH OF .300 WAVE I ENGTH." 
245 PRINTSPRJNT"TO CONTINUE INSTRUCTIONS PRESS RETURN"< s INPUT I* 
750 PKtNTtfKlN1"ll1P0HTAH1 ALL TOTAL LENGTH DIMENSIONS WILL BE ELEMENT HALF LENGTH" 
235 PRINT"MEANING THE LENGTH OF THE ELEMENT MEASURED FROM THE BOOM OUT TO THE" 
260 P R I N T " T i p OF THE ELEMENT. ENTER ELEMENT SEGMENT LENGTHS AND DIAMETERS JUST" 
265 P R I N T - A S THEY WILL BE ASSEMBLED STARTING WITH THE LARGEST DIAMETER SEGMENTS" 
270 PRINT" (WHICH CROSSES OVER THE BOOM) TO THE SMALLEST OIAMETCR SCGMENT AT THE" 
273 PRINT"ELEMENT T I F . THE OBJECT I S TO ADJUST THE ORIGINAL SEGMGNI LENGTHS SO" 
2SO PR iNT"THAT THE TOTAL EQUIVALENT LENGTH I S EQUAL TO OR VERY CLOSE TO THE" 
205 PRINT"NORMALI ZED LENGTH FOR THE PARTICULAR ELEMENT YOUR ARE WORKING ON. " 
290 P R I N T - T O CONTINUE PRESS RE TURN"j t INPUT 1* 
295 PRINT"WHEN THE COMPUTER A S f S YOU FOR THE INFORMATION ENTER IN THE INFQRMATION" 
300 PRJNT"THEN PRESS RETURN. NOTHING WILL HAPPEN UNTIL YOU PRESS RETURN. I F " 
7.03 PRINT"NOTHING HAPPENS IMMEDIATELY, WAIT . THE COMPUTER MAY BE TH INKING. " 
310 P R ! N T : P R I N T " T O CONTINUE PRESS RE TURN"s sINPUT 1* 
450 P R I N T i P R I N T ' E N T E R CENTRAL DESIGN FREQUENCY IN MHZ " : s I N P U T CDF 
4411 K"L= 110! 1. 024/CDF; REM RESONATE LENGTH IN INCHES 
A70 PRJNT"ENTER NUMBER DP ANTENNA ELEMENTS 2 . 3 , 4 . 5 OR «>"«•.INPUTP 
4B0 1FP;20RPN6THEN47I:I 
490 PRINT"ENTER BOOM DIAMETER"{s INPUTBD 
496 BC«(BO/?)«O.Q625JREM BOOM CORRECTION 
"f>0 PRINT"ENTER NUMBER OF ANTENNA SEGMENTS"stINPuTN 
503 X=0 
510 D I M L I < N - 1 J ) , D ( ( N - 1 > ) , F ( ( N - 1 ) > 
520 FORE=OTO<N-1> 
530 L<E>=OJD<E)=OJF(E)=0 
340 NEXTEiftEM CLEAR ARRAYS 
550 PR INTSPRINV 'ENTERI IN INCHES) LENGTH OF SEGMENT'«« INPUTA 
360 L < X ) " A 
370 PR INT "£NTER( IN INCHES) DIAMETER OF SEGMENT"! : INPUTB 
580 D(X>=B 
590 GOSUBSOOO 
600 X«*M8ft£M STEPPING DATA INTO L ARRAY 
610 IF X-NTMEN6 30 
620 G0T033ps REM ENTERING !N SUCCESSIVE LENGTHS AND DIAMETERS 
6JO G0SUB4000 
6*0 FORE6"OTO (N - 1 J 
650 TD=TD*D(EE) 6fcO ISC X TEE 
6/0 AD-TD/N 
680 &0SUB2000 
690 G0SUB3(X)0 
700 T"0SG»0JREM CLEAR TOTAL 
710 FQRY«OTO<N~l> 
720 T»T-»|_ (v > j REM ADD SEGMENT LENGTHS 
730 PR INTL<Y ) J " INCHES L O N G " . D < Y ) ; " I N C H E S 0 I A . " 
740 ftCXTV 
750 PR/WT.-PR/NTT"JNCHrS = TDTAL ORIGINAL LENGTH" 
770 0 1 » 0 : 0 2 - 0 t w - 0 
780 R1=AD/(2«RL) :REM = RADIUS OF CENTER SEGMENT 
790 D l - D ( G ) 
000 R2=D1/(2tRL)sREM * RADIUS OF SUCCESSIVE ELEMENTS 
810 G=G*1SREM STEPPING THRU SEG. DIAMETERS. 
020 K l = l / R l 
830 K2*J/R2 
040 M«< < 4 3 . 0 3 » I L 0 G ( K 2 > / L O G ( 1 0 ) ) - 3 2 ) ) / t <43.03*(LOG <K1>/LOG(10)) -??>> 
8SO Q2= (L <W) * 1. 37079632) /T-»011 REM 02 IN RAD I WIS 
860 F O » < S I N ( 2 » 0 2 ) - S 1 N ( 2 » 0 1 ) ) / < ( 2 » 0 2 ) - I 2 « 0 1 > ) 
070 01-02 
080 S A « ( t M » i / M ) / 2 * ( M - l / M ) « F 0 / 2 ) « L ( W > 
890 F(W)»SAIREM PLACE EQUIVALENT LENGTHS INTO F ARRAY 
900 W=W*lsREM STEPPING THRU F ARRAY 
910 IFW-NTHEN930 •»20 GOTO70OJREM LOOP TO CALCULATE EACH SEGMENT LENGTH 
930 S=0sREn CLEAR EUUIVALENT LENGTH TOTAL 
940 FOR2=OTO«N-1) 
9S0 S " 5 * F ( Z ) ! R E M ADD EQUIVALENT LENGTHS I N F ARRAY 
960 NEXT2 
970 PRINT:FA INTS" INCHES=T0TAL EQUIVALENT LENGTH 
972 PRINT s PRINT"HARDCOPY < Y / N ) " 
973 G£T2 *J IFZ*« " "THEN973 
974 I F 2 • - " Y " THENG0SUB5090 
9B0 PRINT"DO YOU WISH TO CHANGE A SEGMENT LEN6TH<Y/N>"ssINPUTB* 
990 IFB« - "N"THEN1170 
1000 PRINT"ENTER NUMBER OF SEGMENTS YOU WISH TO CHANGE COUNTING FROM THE GOOM OUT" 

1010 INPUTV 1100 JFV<10RV>NTHEN!000 
1130 PRINT "ENTER NEW SEGMENT LENGTHUN INCHES)" |: INPUTU 
11 40 L < V - I ) « U 
1150 G03UB3000 
1160 GOT07OO 
1(70 P R I N T " { C L R J " » f i E f f CL€AR SCREEN 
11BO PRINTPJ"ELEMENT BEAM AT " iCDFJ "MHZ" 
1190 PRINT 
1200 FORTT=0T0 <N-1> 
1210 P R I N T L C T T ) j " I N C H E S L O N G - . D ( T T ) t " I N C H E S D J A . " 
1212 G0SUB9CMX) 
1220 NEXTTT 
1230 PRINTiPRINT"WR I7B DOWN ELEMENT LENGTHS APPEARING ON T fC SCREEN AN)? ADD THE" 
1235 PRINT"F0LL0WIN6 CWWECT10NS TO THE OUTER MOST ELEIIENT, FOR F INAL CEN6TH. " 
1250 F « I N T 
1260 PRINT"ON 20 METERS ADD " t B C * 0 . 6 6 » - l r « M E S " 
1270 PR/NT"ON 13 METERS ADD " | B C » 0 . « 4 t " J N C M C S " 
1280 PRINT"ON 10 METERS ADD "|BC*0.24 t »TNCMES" 
1265 50SUB10000 
1296 END 
2000 DIMA(13) , B U 3) 
ZOOS FTOH-0T013 
2 0 1 0 A ( H 1 * 0 : B < H ) = 0 
2020 CCXTHsREM CLEAR A AND fi ARRAYS 
2030 A CO)*0.493661Al l ) -O.49B011 A ( 2 ) « 0 . 4 9 6 9 3 i A I 3 > - 0 . 4 9 9 9 4 2035 A(4l=0.495281A<5>-0.4703:A<6)-0.4B«»63iA (?)=0.483661A<81-0.4004 
2040 A <9)—0.4B02B« A(10 > —O.4691A(11)"0.46798J A <12)"0.452321A <13)"O.44011 203O 0lnR(6> ,OEi&> ,ORli>> 2060 F0RQ=0T0fe 2070 R(Q)-OSDE(Q)-OJDR(0)»0 
2080 NEXTQjREM CLEAR R, OE. OR 
2090 IFAD=0.87STHEN2240 
2100 RA*0.B75/<2»RL) 
2110 RB*AO/(2IRL) 
2120 KA=1/RA 
2130 KB«1/RB 
2140 FOfjJ*OTOl3 
2150 F l - ( 1 - ( ( 1 0 . 7 5 7 5 1 ( L t » ( K A ) / L O G l l O ) ) ) - B ) T -1 I / ( 2 « A < J ) ) 
2160 (215, 1 S t ( L O G <KA)/L06(10)> > - 1 6 0 ) » < ( 1 / F 1 ) - F l ) 
2170 A A * X * / ( ( 2 1 5 . 1 5 i ( L O G ( K B ) / L 0 6 ( 1 0 ) I I -1601 
21BO F 2 » ( - A A » ( ( A A 1 2 V * 4 ) 1 0 . 3 > / 2 
2190 B<J I = < ! - ( < JO. 7575«<L0G(K8>- 'L0G(10>)) -8) t - l ) / ( 2 « F 2 > 2200 NEXrj 
2210 Ft (2) «=B(0> sR(3) »B i I ) « R ! 4 ) - B ( 2 ) sR(3)=«B(31 s R (6) «B (4) I OE (2) »B (S) s DE (3) «B (6) 
2215 D E ( 4 ) » B ( 7 ) : D € ( 5 ) = f i ( 8 ) j DE <61-B<9» 2220 DR(3)»B(10)iDR< 4)»B(11)«DR<3)-B(12)i0R<6)-B(I 3) 223(> GOTO 2260 
2740 R ( 2 ) = A ( 0 ) : R < 3 ) - A ( l ) . R ( « > , A < 7 ) » R ( 5 ) - A < 3 ) » A ( 6 ) " A ( 4 ) t D E ( ? ) - A ( 5 > I D E 1 3 ) = A ( 6 ) 
2245 DE(4)"A<71 I D E ( 3 ) - A ( 8 ) i D E ( 6 ) - A ( 9 ) 2250 DR(?i=AU0)sDR(4)»A(ll>tDR(S)«A(12)iDR<6)-A(13> 
2260 RS^<RL»R(P)>/2s REM REFLECTOR NORMAC/ZEO 1/2 LENGTH 
2270 DE« (RL*DE(P) )/SsREM QR1VEN ELEMENT NORMALI2ED 1/2 LENGTH 
2280 Dfi - (RL*Wt ( P ) ) / 2 s REM DIRECTORS NORMALIZED 1/2 LENGTH 2290 RETURN 
3000 PR INT"<CLRJ " 
3010 PR'INTP} "ELEMENT REAM AT " |CDF» "MHZ " 
3020 PRINT 
3030 PRlNTRSs"INCHeS»NORMALI2EO REFLECTOR 1/2 LENGTH" 
3040 PRtNTDE; " INCfCS-NORMALI?ED DRIVEN ELEMENT 1/2 LENGTH" 
3030 PRINTDRs"INCHE3»N0RMAL1ZED DIRECTORS 1/2 LENGTH 
3060 RETURN 
4000 PRINTsPRINT-PLRASE WAIT I ' M THINKING" 
4010 RETURN 
5000 P R I N T " < C L R J " » C L E A R SCREEN 
3010 PRINTFf"ELEMENT BEAM A T " » COF|"fWZ" 
5020 FC«AB=»0T0<N- I ) 
5CJO PRINTL IAB) i " INCHES LONG ".£>( AB) i " I NCHES D 1 A . " 
5040 NEXTAB 
5050 RETURN 
5^90 IF2« » "N"TH£N60«0 
6000 O P E N ! , 4 , O 
6005 PRINT* 11 PR I NT • 11 PRINTS 1 SPRINT*!« PR I NT 111 
6010 PRINT*1,"MONO BAND ANTENNA DCSIGN"»PRINT*1 
6020 P R I N T t l , " C E N T R A L DESIGN FREQUENCY"|CDF] MM2"<PRINT*1 
6030 PR INT t l ,P| "ANTENNA ELEMENTS"»PRINT«1 
6040 P « C N T » l . B D s " I N C H E S BOOM OtAf IET£R" jPRINT*1 
6030 PR INT* l .N i "ANTENNA SEGMENTS"tPRINT*I 
6060 F H I N T S 1 , T j " I N C H E S TOTAL CWIGINAL LENGTH" .PRINT*! 
60 '0 P R I N T * ! , S i " I N C H E S TOTAL EQUIVALENT LENGTH"t PR INT* I 
6080 CLOSE 1 AOS5 GOSUB0OOO 
6090 RETURN 
7040 RETURN BOGO I F Z » - " N " T H E N B O i O 
8010 OPEN1,4,0 
8020 PRINT*1,FIS|"INCHES"NORMAL12ED REFLECTOR 1/2 LENGTH" 
8030 PRINT*I,DE|"INCHES-NORMAL I?ED DRIVEN ELEMENT J/2 LENGTH" 
B040 Pft INT*) , " JNt:HES«NORMAL I ZED DIRECTORS 1/2 LENGTH" »PRINT* I 8050 CLOSE1 
B060 RETURN 9000 1F2*«"N"THEN9040 9tilO 0PEN1, 4, 0 
9020 P R l N T * l , L < T T ) { " INCt-CS LONG"sD<TT) I " I I C H E S D I A . " 
9030 CLOSEi 
9O40 RETURN 10000 IFZ*""N"THEN10070 1OO10 QPEN1,4,0 
lOO lS PR INT*! 10020 PRINT*!,"ADD CORRECTIONS TO OUTER MOST ELEMENTS, FOR FINAL LENGTH" 
10030 P R I N T t l i P R I N T K l , " O N 20 METERS ADD"tBC*D.66|" INCHES" 
10040 PRINT*1, "ON I S METERS ADO" !BC*0.44« " INCHES" 
10050 PRINT*1, "ON 10 METERS ADD"|BC+O.24|"INCHES" 
3f>C«3 PRINT* J i PR I NT#11 PRINT* i »PRINT*1 s PWI NT*1 10060 closei 
10070 RETURN 

READY. 

is calculated in lines 2260-2280. Lines 770-970 calcu-
late the resonant half-length of the element you have 
created by the lengths and diameters you entered 
earlier. Lines 972-974 and 5090-10070 print a hard copy 
if you answer "Y" to the hard copy prompt. 

You'll see printed on the screen the type of Yagi you 
have selected, the resonant half length each element 
should be (the "normalized" length) the mechanical 
length/diameter of each segment, and the actual elec-
trical half-length of the element you've created. The 
program will now allow you to change individual seg-

ment lengths until your element's electrical half length 
equals the normalized half-length. You then add a 
small correction to the outermost segment (due to 
boom diameter and boom to element clamping system) 
to get the final element half-length. 

W2PV broke the center of the driven element and 
used a balanced feed. I have used the gamma match 
successfully. 

results 
Three monoband Yagis have been constructed 
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design example 1: 3-element Yagi design example 2: 6-element Yagi 
f0: 14.175 MHz f0: 14.175 MHz 
boom: 2 inches boom: 2 inches 

element length (inches) element length (inches) 
normalized reflector 207.495860 normalized reflector 206.378917 
normalized driven 204.066957 normalized driven 200.239937 
normalized director 195.621141 normalized director 187,061662 

segment specifications segment specifications 
diameter (inches) length (inches) diameter (inches) length (inches) 

1.25 36 1.25 36 
1.125 50 1.125 50 
0.875 37 0.875 37 
0.75 20 0.75 20 
0.625 44 0.625 44 
0.5 16 0.5 16 
0.375 12.75 0.375 11.5 

total original length total original length 
= 215.75 inches = 214.5 inches 

total equivalent length total equivalent length 
= 207.51345 inches = 206.397459 inches 

Note 1: In each example, element has seven segments and last dimension is length before final correction due to boom clamping. 

Note 2: If you cannot achieve the above numbers out to at least five places to the right of the decimal point, especially the normalized length and 
the total equivalent length, go back and check your program. Close is not good enough. Small inaccuracies are multiplied many times as segment 
lengths change. 

using the program. When mounted on towers, not one 
resonated more than 4 kHz from the central design 
frequency. But the only way to really test an antenna 
is in actual combat — i.e., under contest conditions: 
the CQWW phone contest yielded 1.68 million points 
in 1983 and 2.43 million points in 1984. From 1983 to 
1984, nothing changed except the antennas; all 
primary Yagis were homebrewed, using this program, 
and the secondary antennas were commercial beams 
redimensioned from the program. 

W2PV hoped that others would build his superior 
beams and report the results. I've built them and am 
pleased to report that their performance is far better 
than any commercial antenna I've ever used from my 
QTH. 

acknowledgement 
Because this was my first attempt at programming, 

my sincere thanks are due to my XYL, N3DPB, 
who gave a few pointers on programming, and to 
WA3HQX, who converted my original program to the 
Commodore format. The program has been converted 
into Apple, Atari, IBM PC, and Radio Shack Color 
formats. Copies of these listings are available from me 
for one dollar (copying cost) plus a business-size SASE 
with 39 cents postage. 
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1. James J. Lawson, W2PV, "Vagi Antenna Design," ham radio, January, 
February, May, June, July, September, October, November, December, 
1980. (Back issues are available from ham radio at $3 each. Contact Ham 
Radio's Bookstore, Greenville, New Hampshire 03048.1 
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weekender 
an inexpensive 

elevation indicator 

Simple method of converting elevation angle to a voltage. 
Note weather-resistant housing. 

Elevation drive: reversible gear motor turns leadscrew of 
3/4-inch all-thread. 

If you have a high input impedance (>1 
Megohm) multimeter — preferably digital — and a 
single-turn, precision, linear taper potentiometer, then 
you have everything you need to make an inexpen-
sive, accurate elevation indicator for OSCAR EME 
applications. 

After discarding my store-bought elevation rotator 
in favor of a heavy-duty home-brew model, it became 
necessary to provide some means to determine where 
the antenna was pointing without having to "eye-ball" 
the moon and the antenna. This resulted in the con-

By George Chaney, W5JTL, 218 Katherine 
Drive, Vicksburg, Mississippi 39180 

struction of the indicator shown in photos A and B. 
The digital multimeter is used to read 0 to 0.9 volt, 

corresponding to 0 to 90 degrees in elevation. R2, a 
precision potentiometer, is used as a voltage divider, 
with the indicating voltage read off the moving arm 
of the potentiometer. It is mounted on a piece of 
heavy-duty circuit board, of any convenient size with 
three-wire cable, preferably shielded, running from the 
antenna to the indicating unit in the ham shack. A 
suitable bracket for mounting it to your antenna may 
be soldered to the PC board. 

Assuming your potentiometer is in the 5 to 10 kilohm 
range, required current will be less than 1 mA. 
Ordinary zinc-carbon cells are quite satisfactory for this 
purpose; in fact, they will probably die of old age if 
switch S1 is used. Voltage regulation is not necessary. 
R1, used to drop the voltage to approximately 3.6 
volts, is connected to terminal 3 of the precision poten-
tiometer for calibration purposes as the batteries 
gradually discharge (see fig. 1). 

construction 
Because most precision potentiometers don't have 

threaded bushings around the shaft output, it will 
probably be necessary to use a good adhesive 
(Super-Glue,® contact cement or epoxy) or a clamp 
to mount the potentiometer to the PC board. A 6-inch 
(15 cm) length of 3/8-inch (0.95 cm) square key-stock 
is recommended for the pendulum shaft. A 1 /4-inch 
(0.64 cm) hole (assuming the potentiometer shaft is 
1/4 inch) is drilled through the key stock, about 1/2 
inch (1.3 cm) from the top end. Immediately above 
this, and at a right angle to the 1 /4-inch (0.64 cm) hole, 
drill a hole to accommodate a No: 8 machine screw. 
Then cut a hacksaw slit from the top end of the key-
stock into the 1/4-inch (0.64 cm) hole so as to pro-
vide a clamp around the potentiometer shaft when the 
No. 8 machine screw is inserted and tightened with 
a nut. 

The pendulum weight may be made of any con-
venient material that will provide sufficient weight 
without too much bulk. I used a 3/4-inch plumbing-
type copper T-fitting filled with lead (see fig. 2). Its 
estimated weight is about 10 ounces (283 grams). 

As shown in photo A the potentiometer is enclos-
ed for weather protection. The enclosure is made of 
very thin (about 0.010 inch) (0.25 mm) double-sided 
PC board, soldered in place. The opening is so oriented 
that protection is provided when the antenna is 
elevated. Similar protection on the shaft-pendulum 
side of the PC board is advisable, although I chose not 
to take this step. I did put some silicone grease in this 
opening, however, and even after one year had no 
problems, despite the occurrence of a severe storm 
with baseball-size hail. An automotive trailer light con-
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51-MOMENTARY NO. 
52-SP0T 
Rl—CALIBRATION POT 

APPROXIMATELY EQUAL 
TO RZ 

R2-ANY VALUf l-IOk OHMS 
PRECISION LINEAR TAPER 
POT SINCLE TURN. I 02 03 

fig. 1. Elevation indicator wiring diagram. 

nector is used for the wiring (as a quick make/break 
interface). 

The read-out portion, shown in the bottom part of 
fig. 1 was built in a small box, fabricated from circuit 
board, large enough to hold the batteries, switches 
and resistor R1. Although I used four D cells, I think 
smaller batteries, such as size AA, should be satisfac-
tory. Since it is only occasionally necessary to monitor 
elevation visually, I would suggest that S1 be a 
normally open momentary pushbutton switch to be 
depressed only when readout is desired. S2 is a single 
pole, double throw switch. It is normally left in the 
"Read" position and is connected to the lead going 
to the variable arm of R2. Suitable pin plugs are pro-
vided for the new leads at the + DVM and - DVM 
points. 

calibration 
All the precision potentiometers that I'm familiar 

with permit continuous rotation, do not have 
mechanical stops, and offer almost 360 degrees (of 
rotation) of usable variable resistance. The poten-
tiometer should be oriented on the PC board (or the 
pendulum adjusted) so that the arm terminal of the 
potentiometer, reads "0" voltage when the bottom 
edge of the PC board is horizontal and increases pro-
gressively to a reading of 0.900 volt when the bottom 
edge is vertical. A carpenter's level, with the bubble 
carefully centered during adjustments, with the circuit 
board holding the potentiometer and the pendulum in 
a vice, or otherwise strongly secured, will provide suf-
ficient accuracy. 

The slightest upward movement of the antenna 
should result in a voltage indication of 0.001. After the 
zero point has been established, things can be per-
manently secured. Using the carpenter's level, move 
the assembly so that the bottom edge of the circuit 
board is vertical. With S2 in the "Read" position, ad-
just R1 to give a reading of 0.900 volt, which cor-
responds to an elevation of 90.0 degrees. The unit is 
now calibrated and will indicate changes of 0.1 degree, 
to an accuracy of 0.5 degree. When the potentiometer 
pendulum assembly is mounted on the antenna, it is 
necessary only to level the bottom edge in the zero 
position, with the antenna horizontal, in order to main-
tain calibration. After the 90.0-degree position has 
been established and initially calibrated, put S2 in 
"Calibrate" position and note the indicated voltage. 
It is advisable to record this for later reference. You 
are now assured that you will be in calibration when 
R1 is adjusted to give this reading, while in the 
"Calibrate" position. For maximum accuracy, the 
tower must be perfectly vertical, and the vertical rota-
tional axis perfectly horizontal. —1/1/V-* 
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c o n c l u s i o n 

The mon th l y magaz ine w i t h a na tu ra l b l end ing of two 
popular hobb ies — Ham Radio and Compute rs 
* Ar t ic les on Ham Radio & Mos t Personal Compu te rs 

• Ha rdware & Sof tware Rev iews 
* Var ious Computer Languages 

* C o n s ' r u c t i o n Ar t ic les 
* M u c h M u c h More 

"...received my moneys worth with just one 
issue..." 

—J. Trenbick 

"...always stop to read CTM, even though 
most other magazines I receive (and write for) 
only get cursory examination..." 

—Fred Blechman, K6UGT 

U S A $ 1 5 . 0 0 f o r 1 y e a r 

Mexico, Canada $25.00 
Foreign $35.00(land) • $55.00(air) 
(U.S. funds only) 

Permanent (U.S. Subscription) $100.00 
Sample Copy $3.50 

C i r c u l a t i o n M a n a q e r 
1 7 0 4 S a m D r i v e 

B i r m i n g h a m A l a b a m a 3 5 2 3 5 
P h o n p 2 0 5 / 8 5 4 - 0 2 7 1 

The author makes no claim of originality in this type 
of elevation readout, although I have seen nothing as 
simple as this one. Most others use three-turn poten-
tiometers with 10.8 volts, with readouts taken from 
some midrange, such as 1.000 to 1.900 volts, and 
some means of removing the first digit. The readout 
described here is simple, inexpensive, and accurate. 
Invariably, with my EME array adjusted according to 
a computer-predicted position, I can sight down the 
boom of one of the antennas and know its direction 
will be "rifle scope" accurate. 

Caution: 1 assume, but do not know, that all DMMs 
have a high input resistance, so as not to unduly load 
the portion of R2 between the arm and ground. If your 
DVM does not have a high resistance input, do not 
use it. 
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BEAM ANTENNA HANDBOOK 
by Bill Orr, W6SAI and Stu Cowan, W2LX 

The Beam Antenna Handbook, first published in 1955, 
has been completely revised and updated with the latest 
information on Beam Antenna design. Computer designed 
Vagis give maximum gain in minimum space. New into 

on Yagi HF and VHF beams and dimensions on beams for 10, 18 and 24 
MHz WARC bands. Everything you need to know about beam design, con-
struction and operation. 204 illustrations. 268 pages. 1st edition. ©1985. 

• RP-BA Sottbound $9.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr, W6SAI 
Learn how to build simple, economical wire antennas. Apartment dwellers take 
note! Fool your landlord and your neighbors with some of the "invisible" anten-
nas found here. Well diagrammed. 192 pages. ©1972. 2nd edition. 

IRP-WA Sottbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAI and Stuart Cowan, W2LX 
Contains lots of well illustrated construction projects for vertical, long wire, and 
HF/VHF beam antennas. There is an honest judgment of antenna gain figures, 
information on the best and worst antenna locations and heights, a long look at 
the quad vs. the yagi antenna, information on baluns and how to use them, and 
new information on the popular Sloper and Delta Loop antennas. The text is bas-
ed on proven data plus practical, on-the-air experience. 190 pages. ©1978.1st 
edition. 

DRP-AH Sottbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI - New 3rd Edition 
Includes NEW data for WARC bands 
The cubical quad antenna is considered by many to be the best DX antenna 
because of its simple, lightweight design and high performance. You'll find quad 
designs for everything from the single element to the multi-element monster 
quad There's a wealth of data on construction, feeding, tuning, and mounting 
quad antennas. 112 pages. ©1982. 3rd edition. 
•RP-CQ Sottbound $6.95 

Please add $1 50 lor one book, $2.50 for two or more books to cover shipping and handling 

Ham Radio's Bookstore Greenv i i i e , n h 0 3 0 4 8 

70 June 1985 



automatic temperature control 
Prevent premature 
equipment failures 

by sensing and acting on 
heat changes 

A few months back I acquired a solid-state VHF 
amplifier capable of running 200 watts output with only 
3.5 watts of drive from my handheld. Because I do 
most of my VHF operating at home, I decided to put 
the amplifier in the garage with the rest of the ham 
shack. This facilitated connections to the power supply 
and antenna, and since the garage is connected to the 
kitchen of our house, a 25-foot "umbilical cord" of 
RG8-X coax allows me to wander about the kitchen 
and living room while continuing to QSO on 2 meters 
with 200 watts out. 

The only problem with this arrangement is that a 
200-watt amplifier draws a great deal of current and 
gets very hot, especially during the summer in our 
garage. A large muffin fan mounted at the back of the 
amplifier cooled it to a reasonable level, but I still had 
to go out to the garage to turn the fan on every time 
I wanted to use the amplifier. Although this procedure 
worked fine, it was an annoying task. 

One day some DX suddenly appeared on 146.52. 
Without thinking, I grabbed my handie talkie and pro-
ceeded to make a 1200-mile contact on direct! 
Fantastic I 

Yes, it was . . . until the transistors in the amplifier 
unsoldered themselves. Fortunately, the transistors 
themselves weren't ruined — I don't know why — and 
I was able to repair the damage. But I obviously 
needed a better method of controlling the temperature 
of the amplifier without having to remember to turn 
on the fan and without having to waste electricity by 
leaving the fan running all the time. 

The thermostatically controlled AC outlet box de-
scribed herein solved the problem. It features an ad-

justable thermostat built around a Motorola MC3423 
overvoltage protection IC, a remote temperature 
sensor, and visual indicators of the state of the thermo-
stat and the presence of AC voltage at the outlet. A 
flip of the front panel switch allows the thermostat to 
detect a falling temperature rather than a rising one, 
thus enabling the box to be used to turn on a heater 
or crystal oven during the winter months. 

theory of operation 
Figure 1 is a schematic of the thermostatically con-

trolled outlet box. The heart of the circuit is U1, an 
MC3423. This IC was originally designed to function 
as an overvoltage protection device for DC power sup-
plies. Normally, R6 and R7 would be two resistors 
placed across the output of the power supply. If the 
power supply voltage exceeds a critical amount (deter-
mined by the values of R6 and R7), pin 8 of the 
MC3423 goes high (approximately 2 volts <VCC). 
Normally, pin 8 would be connected to the gate of an 
SCR that had been bridged across the terminals of the 
supply. Voltage on the gate would cause the SCR to 
conduct, shorting the power supply and blowing a 
fuse or tripping a circuit breaker. 

However, this very versatile IC can function as a ther-
mostat by using an NTC (negative temperature coeffi-
cient) thermistor for R7. Using a potentiometer for R6 
allows the thermostat circuit to be adjusted. When the 
power supply's voltage is constant, the resistance of 
R7 changes with temperature and "fools" the MC3423 
into sensing an overvoltage condition, sending volt-
age to pin 8. As R7 warms up, its resistance falls. A 
greater value for R6 means a lower temperature will 
trigger U1 on, while lowering the value of R6 raises 
the temperature at which U1 triggers. 

Substituting a PTC (positive temperature coeffi-
cient) thermistor for R7 — that is, a thermistor whose 
resistance decreases as its temperature decreases — 
would allow one to sense falling temperatures instead 
of rising ones. However, PTC thermistors are difficult 

By Douglas Rowlett, WB5IRI, 2603 North 
Brompton, Pearland, Texas 77584 
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fig. 1. Schematic diagram of the thermostatically controlled outlet box. 

Item description 

CI 3000 ilF, 35-volt electrolytic 
C2 100 jiF, 35-volt electrolytic 
C3 0.1 pF disc ceramic 
C4 330 iiF, 35-volt electrolytic 
CRI 13-volt, 5-watt zener diode 

(RCA SK-13 or equivalent) 
CR2 amber LSD 
cn3 green LED 
CM bridge rectifier, 50-voit, 1 ampere 

(RS 276-1161 or equivalent) 
f 1 10-ampere fuse 
11 miniature red neon lamp assembly 

(RS 272-708 or equivalent) 
K1 DPDT relay, 10-ampere contacts at 125 VAC, 

12-volt coil (RS 275-218 or equivalent) 
Q1,QZ 2N2222 transistors or equivalent 
R1 75 ohms, 5 watts 
R2 270 ohms, 1/2 watt 
R3 10 kilohm, HI watt 
R4 15 kilohm, 1/4 watt 
R5 270 ohms, 1/2 watt 
R6 50 kilohm, panel mount potentiometer 
R7 NTC thermistor, 1/4 watt, 10 kiiohms 

at 70 degrees F (FR-1001A or equivalent) 
SI DPST toggle switch, 10-ampere contacts 
S2 DPDT miniature slide switch 
T1 12.6-volt, 300-mA transformer 

(RS 273-1385 or equivalent) 
U1 MC3423 overvoltage protection IC 

to find in my area, and they are more expensive than 
NTC thermistors. S2 provides a simple way around this 
problem. Flipping S2, a DPDT slide switch, reverses 
the order in which R6 and R7 are connected to the 
power supply. As R7's temperature falls its resistance 
increases, thus allowing U1 to trigger when the tem-
perature of R7 falls to a point determined by R6. 

When U1 triggers it sends voltage to the base of 
Q1, a 2N2222, which conducts and allows voltage to 
be applied to C4 and the base of 02, another 2N2222. 
C4 charges and 0 2 conducts, thus keying relay K1, 
which applies 115 V A C to the dual outlet. Anything 
plugged into the outlet, such as a fan or heater, then 
turns on. U1 also turns on CR2, an amber LED, 
through pin 6, giving a visual indication that the trig-
gering temperature has been reached. When the tem-
perature changes to the point at which R7 can no 
longer hold U1 in its triggered state, U1 removes volt-
age from pin 8 and turns off CR2. C4, however, con-
tinues to energize K1 for approximately 1 minute, 
which prevents constant cycling of the relay and the 
devices connected to the dual outlet. Changing the 
value of C4 results in a fairly linear change in relay hold-
in time for K1. For example, doubling the listed value 
of C4 gives a hold-in time of approximately 2 minutes, 
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while halving the value of C4 gives a hold-in time of 
approximately 30 seconds. I I , a small red neon indi-
cator across the contacts of K1, provides a visual in-
dication that the outlet is " l ive," even when CR2 in-
dicates that U1 is not in its triggered state. 

Transformer T1 and CR4, C1, CR1 and C2 provide 
a regulated operating voltage for the thermostat. A 
regulated voltage is not really necessary for this cir-
cuit, and CR1 and C2 could be omitted with little per-
formance degradation. However, since U1 is really a 
voltage-sensing device rather than a temperature-
sensing device, a regulated voltage across R6 and R7 
insures that changing line voltages will not affect the 
temperature at which U1 triggers. 

Capacitor C3 prevents line transients from trigger-
ing U1 by setting the IC's internal delay time. In-
creasing the value of C3 increases the time during 
which an "overvoltage" condition can exist before U1 
triggers. If this thermostat is to be operated in an en-
vironment where transients can be picked up by the 
internal or external wiring, such as near a transmitter, 
the value of C3 may have to be increased to prevent 
false triggering of U1. Since the duration of transients 
will vary from location to location, you will have to 
determine the best value for C3 yourself. I have had 
to go as high as 0.5 / i f in some locations, such as near 
a 2-kW homebrew amplifier. 

Relay K1 has contacts rated at 125 VAC, 10 amperes 
maximum. Thus, F1 is a 10-amperefuse intended pri-
marily to protect K1 from damage if the load at the 
dual outlet becomes excessive. Of course, any relay 
can be used at K1, but using a relay with a lower coil 
impedance than 160 ohms may necessitate using a 
heftier transistor at 02. Any relay you use, however, 
must be able to be energized by the voltage across 
T1. A relay whose contacts can handle more current 
may be necessary, in addition to a heftier switch at 
SI , if the thermostat is to be used to control some 
devices, such as space heaters, that draw large 
amounts of current when first turned on. The value 
of F1 would also have to be increased in such an in-
stance. In the interests of safety, however, do not, 
under any circumstances, omit F1, and be certain that 
it is placed on the "ho t " side of the AC line, not on 
the "neutral" side. 

construction 

Construction of the thermostat and outlet box is fair-
ly straightforward, and layout is entirely noncritical. 
All the components, including T1 and K1, will fit on 
one small circuit board, with the exception of R7. This 
is covered with heat-shrink tubing and attached to the 
end of a piece of RG-174U miniature coax for remote 
sensing. R6, CR1, CR2,11, SI , S2, and the AC outlet 
are mounted on the front panel. Figure 2 is a 

€J \ 
» J I 

fig. 2. Internal view, with top cover removed. F1, T1, and K1 
are mounted near the top of the board. U2 is barely visible 
beneath the wiring at the lower left corner of the board. 

O N TRIGGER AC LIVE 

10 AMPS > . MAXIMUM 

0L 
fig. 3. View of the front panel. Coiled black wire contains ther-
mistor R7 Icovered with heatshrink tubing) at one end. 

photograph of the completed outlet box with the cover 
removed. 

I suggest using sockets for CR4 and U1 to make re-
placement, if ever needed, easier. In addition, you 
should use at least No. 12 wire from the AC line to 
K1 and from K1 to the dual outlet. 

operation 

Using the thermostat box is easy. Just plug it into 
a 115 VAC outlet and supply power through S1 (see 
f ig. 3). The green LED should come on, and the amber 
LED and red neon indicator may come on at this time. 
If they do, adjust R6 until the amber LED goes out; 
a minute later 11, the red neon indicator, should go 
out as C4 discharges and K1 opens. Once again, 
remember that whenever 17 is on, 115 VAC is present 
at the dual outlet, and 11 provides a visual warning of 
the presence of potentially lethal voltage. 

Now set S2 to the condition you wish to monitor 
- that is, either rising or falling temperature. Place 
R7 at a convenient point where it will be exposed to 
the temperature you wish to control. For example, the 
sensor can be placed between the fins of an amplifier's 
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heatsink. Plug a fan into the outlet on the front panel, 
and adjust R6 until CR2 and 11 come on when the 
amplifier becomes hot enough to need cooling. As the 
fan blows cool air across the amplifier's heatsink, R7 
will cool off and CR2 will go out. The fan, however, 
will continue to run for one minute. 

That's all there is to it. As the amplifier heats up, 
the thermostat will turn on the fan to cool things 
down. When the amplifier is not is use, the fan will 
remain off. 

other uses 
This device can be used anywhere around the shack 

or the house where you wish to sense a rising or fall-
ing temperature. For example, it can function as a 
freezer alarm by plugging a 115 VAC alarm bell into 
the outlet and adjusting the thermostat to trigger 
whenever the temperature rises above 32 degrees F. 
It can be used to turn on a crystal oven when the tem-
perature inside an oscillator falls below 80 degrees F 
(27°C). It can even be used to turn on a floor fan or 
space heater whenever the temperature in your shack 
rises or falls to uncomfortable levels. Anywhere you 
need to monitor a rising or falling temperature and turn 
on some device at a critical point, this thermostat will 
come in handy. 
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VHF/UHF WORLD t «>' 
protecting equipment 

Spring is typically the season in 
which most VHF/UHFers dust off their 
gear and get ready for all those good 
tropospheric and sporadic-E openings. 
It's also the time of year when static 
electricity and lightning tend to in-
crease. Between the increased oper-
ating activity and the forces of nature, 
equipment failures can and do happen! 
Whether the result of carelessness or 
the ravages of nature, damage to ex-
pensive equipment can be frustrating. 
But with proper know-how and a little 
bit of effort, failures can be anticipated 
and prevented. 

Many types of failures can affect 
Amateur equipment. — in-band RF, 
out-of-band RF, low frequency and 
supply transients, the forces of nature, 
damage in physical handling, and com-
ponent overstressing are just a few. 

in-band RF 
Probably the prime source of failure 

in Amateur VHF/UHF equipment, in-
band RF most often affects receivers. 
Simply put, the receiver input stage is 
subjected to RF on the frequency of 
interest at a level that exceeds the 
breakdown of the first active device. 
With the proliferation of solid-stage 
receivers over the last decade — 
especially on 70 cm and above, where 
high transmitter power (1000-1500 
watts output) is required, — this phe-
nomenon is now quite common. The 
primary reasons for this type of failure 
are inadequate T/R (transmit/receiver) 

relay isolation and improperly timed 
relay sequencing. 

relay isolation 
Most Amateurs use T/R relays that 

are either the bladed or the lever arm 
type. The bladed type (fig. 1A) is the 
most common and is similar to the 
everyday low-frequency relay except in 
that a moving arm is built into a coax-
ial airline structure. The contacts are 
capacitance junctions and the spacing 
between the moving contact and the 
input or output connector contact 
determine the isolation between the 
transmitter and receiver. There are 
many tradeoffs with this type of relay 
because the spacing and the size of the 
contacts determine the isolation, 
VSWR, and power handling capability 
of the relay. 

If the capacitance across the relay 
junction is known, the isolation can 
be calculated using the following 
formula: 

isolation = 10 log,0 [1 + (XC/2Z0)2] 
(1) 

where isolation is in dB, Xc is the 
capacitive reactance of the junction, 
and Zo is the transmission line impe-
dence, typically 50 ohms. For example, 
a typical relay junction has a 0.1 pF 
capacitance. Therefore, at 500 MHz 
the capacitive reactance is 3180 ohms 
and the isolation will be approximately 
30 dB. (For those who do not want to 
work out the mathematics, fig. 2 
shows isolation versus capacitance 
values.) Note that the isolation across 

a purely capacitance junction de-
creases approximately 6 dB every time 
the frequency is doubled. Conse-
quently, a relay with 40 dB of isolation 
at 2 meters will have only approxi-
mately 30.5 dB of isolation at 70 cm 
— quite a decrease! 

Some relay designers add a set of 
grounding contacts across the open 
circuited contacts (fig. 1B). This can 
significantly increase the isolation. 
However, this places a short circuit 
across the attached device, typically a 
low-noise preamplifier. This may cause 
transients when switching or oscilla-
tions while in the transmit mode.1 

The lever arm relay configuration 
(fig. 1C) is more complex and hence 
more costly, but has higher isolation 
because this construction increases 
the spacings between the input and 
open circuited port of the relay. How-
ever, it is likely to have a lower power 
handling capability than the bladed 
type. 

The relays most often used by 
Amateurs (and often found at flea 
markets) include the Amphenol 300, 
Dow-Key DK-60, M/A-Com 7524, and 
the Transco "Y." Typical isolation ver-
sus frequency is shown in fig. 3 for 
some of the types mentioned. A typi-
cal solid-state receiver will withstand 
10 milliwatts or +10 dBm (dB above 
a milliwatt) at its input without dam-
age. Therefore, at an RF power level 
of 1500 watts (+ 62 dBm), a relay with 
at least 52 dB of isolation should be 
used. 

The Transco type-Y relays I've pur-
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chased at flea markets have shown 
high insertion loss on one or both of 
the paths. This is easily checked with 
an ohmmeter. When the contacts are 
energized, the resistance should be 
less than 1 ohm. Try cycling the relay 
several times to check for intermitten-
cies, a common occurrence. 

I f the resistance is high, unscrew the 

appropriate connectors with a narrow-

width open end wrench (if the relay 
has set screws on the connectors, 
remove them first). Then burnish the 
contact point on the end of the con-
nectors. Next, reach inside the center 
compartment and burnish the comple-
mentary contacts. (Better yet, remove 
all three connectors, carefully noting 
the position from which each was 
taken.) Clean all internal contacts and 
connectors and as a final measure use 
solvent or flux remover on all contacts 
to eliminate any film. Then rotate the 
connectors 120 degrees so that a dif-
ferent connector is placed in each posi-
tion; this will increase the likelihood 
that each connector contact will be at 
a new and clean point. Retest the con-
tact resistance. If you have a good RF 
test setup, measure the insertion loss. 
It should be less than 0.2 dB through 
450 MHz. Isolation is seldom a 
problem. 

All the relays just metioned are 
available with type " N " connectors, 
the preferred connector type for 2 
meters and higher frequencies. How-
ever, this connector type is power-
limited to approximately 500 watts at 
500 MHz and commensurately lower 
at higher frequencies. I know that 

many Amateurs are exceeding this 
power level on "N" connectors; if 
you're one of them, keep your VSWR 
low and never try to "hot switch" RF 
power. 

relay configurations 
Some of the relays mentioned will 

not provide the isolation necessary to 
protect receivers, especially on the 
higher frequency bands. Therefore, a 
second relay is often cascaded with 
the T/R relay (see f ig. 4A) to further 
increase receiver protection.1 

Because this second relay is switch-
ing low power, it doesn't have to be 
a high power type. Often relays with 
BNC connectors are used at the lower 
frequencies and SMA connectors at 
UHF. Furthermore, this relay doesn't 
have to have high isolation since the 
primary T/R relay is capable of pro-
viding most of the needed attenuation. 

If two relays with similar isolation 
are connected back-to-back with the 
shortest possible connection, the com-
bined isolation is only 6 dB greater 
than the single relay isolation.1 If the 
same two relays are placed an electri-
cal quarter wavelength apart at the 
operating frequency, the isolation will 
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be approximately 6 dB greater than the 
combined relay isolation. For example, 
if two relays each with 30 dB of isola-
tion are connected is cascade, the the-
oretical maximum isolation will be 66 
dB. 

Never use one-half wavelength 
spacing between T/R relays since the 
attenuation can theoretically go to 0 
dB ff ig. 5).2 For practical and 
theoretical considerations, one-tenth 

BO 

TO 
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5 50 
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0 

1 40 
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10 

10 

wavelength spacing is all that is recom-
mended because it will keep losses at 
a minimum and decrease isolation by 
about only 6 dB from the maximum 
possible! 

Figure 5, an updated version of the 
one shown in reference 1, will yield 
typical isolation values at a glance for 
a 30-dB isolation relay (the example 
discussed at the beginning of this 
article). 

Other values of isolation can be 
calculated. The relay capacitance must 
first be measured or calculated using 
eq. 1. Then use the following 
equations: 

isolation = 10 logio 0.25 (2) 
[4 + (2Xn cos 0 - AV sin 6)] 

where isolation is in dB, X ^ is per eq. 
3 (below), and 6 is the electrical spac-
ing of the relay contacts in degrees. 

Xn = 2tc/C (3) 

where / is the frequency of operation 
in Hz, C is the open-circuited capaci-
tance of the relay contacts in farads, 
and Z is the transmission line impe-
dance in ohms. 

remote preamplifiers 

Remotely located or antenna-
mounted preamps are becoming very 
popular, especially on 2 meters and up, 
on OSCAR 10, and on EME. The dual 
relay scheme illustrated in fig. 4A is 
highly recommended in these applica-
tions. Note that the preamplifier is ter-
minated with a 50-ohm load when in 
the transmit mode, not a short or open 
circuit as discussed earlier in this arti-
cle and in reference 1. 

Finally, all T/R relays should have 
adequate time to switch before any 
transmitter power is applied. This is 
easy to accomplish if a high-voltage 

M/A-COM 7524 

— — — — 

Oo\y 
_*<e> Dtr Ml 

too 200 300 400 500 700 IOOO 
FREQUENCY (Mtlil 

fig. 3. Typical values of isolation on some of the more popular T/R relays used by 
Amateurs. 

TO ANTENNA TO RECEIVER 

TRANSMITTER 

© 

TO 50 OHM LOAD 

RL I -< RL2 RL3 -

STATION TRANSMIT/ 
RECEIVE SWITCH 

N.O 

9—4 N.O 

fig. 4. Recommended relay switching schemes. [A) see text for explanation of relays. Distance "X" should typically be 0.1 to 0.25 
wavelength as explained in text. (5) RL3 is a typical DC type relay with double pole contacts. RL4 is the high-voltage relay in the 
transmitter power supply. (See text for further Explanation.) 
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fig. 5. Additional isolation available from cascade-connected relays with a connecting 
transmission line. 

relay is used in the transmitter as 
discussed in February's column.3 I've 
often seen complex circuitry that relies 
on R/C time constants and such. Tim-
ing capacitors, especially of the elec-
trolytic type, are often unreliable and 
may decrease in capacitance as they 
age. 

Figure 4B is a simple semi-foolproof 
way to add some time delay sequenc-
ing with the addition of only one low-
cost DC relay, (n this scheme, the ex-
tra relay will have to first close, which 
will add about 10 milliseconds delay 
before power is applied to the high 
voltage relay. When the T/R switch is 
opened, the high voltage relay loses 
power immediately and turns off. 

One last caution is in order. Many 
modern transceivers, HF and VHF/ 
UHF alike, can inadvertently transmit 
a short burst or pulse of RF either 
when they're first turned on or when 
they're switching modes. Depending 
on the station configuration, this could 
spell disaster to an inline preamplifier 
that is not properly protected. 

input limiters 
Relays are fine, but you may want 

some extra built-in protection. A sim-
ple low-power limiter was described in 
reference 4. A low-cost hot carrier 
diode is placed across the base to emit-
ter junction of the bipolar transistor as 
shown in fig. 6A. This type of limiter 
will protect only up to about 1 watt. 
Hot carrier diodes used as limiters 
should have a low junction capaci-
tance and a low forward resistance. 
For example, the M / A Com MA4882 
or NEC ND4981-7E are recommended. 
The Hewlett Packard 5082-2810 and its 
equivalents are not recommended 
since the laboratory tests I conducted 
showed that they have a high resis-
tance at increased current. 

Often I see back-to-back diodes 
indiscriminately placed across the in-
put of a receiver. Out-of-band signals 
— for example, FM, TV, and broad-
cast — can often induce enough vol-
tage at a receiver input to drive these 
diodes into conduction and cause spu-
rious signals to appear. Point contact 
diodes are the most susceptible, fol-
lowed by hot-carrier and then silicon 
types. Therefore, if you use limiter/ 
protection diodes at a receiver input, 
they should be located after a band-

8AND PASS FILTER 

BAND PASS FILTER 

fig. 6. Typical recommended diode pro-
tection schemes for receivers, Cg is a 
blocking capacitor. CR1 and CR2 are hot-
carrier types as described in text. CR3 is 
a PIN diode. RFC1 is an RF choke for DC 
return. 

pass filter as shown in fig. 6B. 
Remember, hot carrier diodes can han-
dle only up to about 1 watt of incident 
power. 

Finally, commercial designers fre-
quently use PIN diode limiters, espe-
cially above 500 MHz (see fig. 6C). 
These unique diodes turn on quickly, 
then drop to a very low resistance 
and reflect the incident RF. Most PIN 
diodes are able to handle much more 
power than hot carrier diodes. Most 
microwave diode suppliers manufac-
ture these devices, but discussion of 
a recommended device and circuitry 
will have to wait for a future column. 
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out-of-band protection 
The input protection schemes just 

mentioned are not always sufficient. 
Other RF problems can inadvertently 
occur from out-of-band signals. For in-
stance, some years ago I advocated 
the use of an "idiot" diode in preampli-
fiers to prevent application of improp-
erly polarized power supplies." Eventu-
ally I placed idiot diodes into all my 
preamplifiers. 

No preamplifier failure has ever 
occurred from improper supply polar-
ity. However, soon after installing the 
idiot diodes, I began experiencing ran-
dom burnout, especially on my J-FET 
preamplifiers, which are usually quite 
rugged. I tried all types of input filter-
ing, without success. This random 
problem continued for over a year. 
Finally I realized that the burnout oc-
currences increased during the winter, 
a time of low electrical storm activity 
and the time of year when I spend 
many hours DXing on the low end of 
80 meters. 

With the help of a digital voltmeter, 
a second operator, and careful meas-
urements, I found that the 80-meter RF 
was coupling to my 12-volt power sup-
ply leads going into my preamplifiers. 
The idiot diode was rectifying the RF 
and adding it to the 12 volts from the 
supply! In one case, the actual DC at 
the drain of a 2-meter preamplifier was 
26 volts with the 80-meter kW in oper-
ation.5 The reason this probably did 
not affect my bipolar preamplifiers was 
that they also had zener diode biasing, 
which limited the voltage across the 
device.4 

The solution is simple. Place a 0.1 
n f ceramic disc capacitor — 
remember, this is low frequency — on 
the DC line where it enters each pre-
amplifier. (Larger capacitance values 
are not recommended because they 
may not act as a good RF bypass.) 
Any RF trying to enter the power line 
to the preamplifier is now bypassed 
and no longer seen by the idiot diode. 
The only failure I've experienced since 
that time was in a preamplifier that I 
forgot to bypassl 

High-pass or bandpass filters are 

always reeommended ahead of a 
receiver because they prevent RF, 
especially at HF, from entering the in-
put of the preamplifier.6 7 When selec-
ting a filter, a capacitor input type is 
recommended per reference 8. Filters 
that use a shunt inductor at the input 
(such as a loop on a cavity filter) are 
not recommended because they usu-
ally have insufficient attenuation at 
lower frequencies. 

low frequency and 
supply transients 

Several types of failure modes are 
induced at low frequencies, especially 
in power supplies. One type is spikes 
or transients on the AC mains. Labora-
tory tests show that 500 to 1000 volt 
transients are always occurring, espe-
cially when motors or inductive 
devices are turned on and off. A 
shunt capacitor across the A C line 
helps, but is usually insufficient 
protection. 

Zener diodes are often too slow to 
turn on and usually have limited power 
handling capacity. Modern protection 
devices such as the MOV (metal oxide-
varistor) were specifically designed 
to operate at high frequencies and 
clamp incoming spikes similar to the 
action of a back-to-back zener diode. 
Such devices are inexpensive (less 
than $1.75) and readily available for 
130 and 230-volt A C power. General 
Electric part No. V130LA10A or 
V250LA20A are suggested units for 
130 and 250 volts AC, respectively. 
Radio Shack stocks similar MOVs. I 
highly recommend that you place one 
of these devices across the primary of 
all power supply transformers after the 
fuse as shown in fig. 7A. 

General Semiconductor Industries, 
Inc. makes several products under the 
names TransZorb™ and ThyZorb.™ 
These devices, available from 5 to 700 
volts, are particularly noted for their 
speed and power handling capability.'0 

They can also be used across A C lines 
and wherever fast-acting zener diodes 
are desirable. 

For many years I've been preaching 
that you should always use a dedicted 

power supply for all receiver circuits.6 

Using a preamplifier power supply for 
relays is not recommended. When re-
lays are deenergized, inductive spikes 
are produced — and these can easily 
destroy a preamplifier if it's connected 
to the same supply. Even if you use a 
separate relay supply, it's best to place 
a 1N4004 or equivalent diode reversely 
polarized across all DC relay coils, T/R 
relays included (unless they're A C 
types) as shown in fig. 7B. 

The manner in which solid-state 
devices are biased can also be a failure 
mechanism. The use of three terminal 
voltage regulators with protection 
diodes is highly recommended.9 I 
strongly suggest the addition of a 
limiting resistor, however small (20 to 
100 ohms is suggested), in series with 
each solid-state device to lower 
dissipation in case of runaway biasing. 
A s another precaution, place a zener 
diode a few volts above the power 
supply voltage after the resistor. It will 
also serve as an idiot diode since most 
zeners have less than 1.0 volt drop 
when biased opposite to convention. 
These schemes are shown in fig. 7C. 

AC line filters 
Brute-force line filters are also 

recommended, especially to prevent 
damage from large surges typical of 
lightning strikes. A 50 to 100 /*H induc-
tor should be placed in series with the 
A C line where it comes into the ham 
shack and followed by an M O V or 
TransZorb™ of the appropriate rating 
as shown in fig. 7D. Note that the in-
ductor must have an air core. Ferrite 
cores or rods will saturate and become 
ineffective if a large surge voltage 
should be induced onto the A C lines 
by a lightning strike. 

the forces of nature 
S o far we've been talking mainly 

about protection against common 
man-made causes of burnout. But 
natural forces, in the form of static 
electricity or lightning, can be extreme-
ly destructive. Although statisticians 
assure me that even in the worst 
lightning-prone areas such as central 
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fig, 7. Recommended power supply protection schemes. C B is a blocking capacitor. CR1 and CR6 are MOV type protection diodes. 
CR2, 3 and 4 are 1N4004 or equivalent (see text) and CR5 is a zener diode approximately 2 volts above the operating voltage of the 
circuit. R x is typically 20 to 100 ohms (see text). L1 is a 50 to 100 j»H RF choke made from 120 to 170 turns of No. 18 AWG or larger 
(depends on current to be drawn) enamel coated wire spaced wire diameter on a 1-inch (2.54 cm) diameter wooden dowel. 

Florida, lightning strikes the same 
place only once every 10 years, don't 
trust your luck. My station has been 
hit more than once; the worst strike 
occurred in the Santa Clara Valley in 
California, a normally low probability 
area. 

Because lightning protection has 
often been discussed in Amateur publi-
cations,10 I will highlight only those 
problems that most affect VHF/ 
UHFers. Experts tell me that when 
lightning strikes within 1000 feet (300-
meters) of your equipment, damage 
will result. Even a 1-mile (1.6 km) 
separation from a lightning strike can 
result in damage caused by line voltage 
surges. Many simple techniques can 
be used to lessen or prevent lightning 
destruction to Amateur equipment; 
while some have been amply dis-
cussed in the literature, others have 
not, and I want to share them with 
you. 

proper grounding 
is important 

First, all antenna feeds should have 
a built-in ground return. This can often 

be incorporated as part of the feed sys-
tem: for example, a " T " match or the 
balun connected to a metal boom or 
mast. The voltage breakdown of air at 
sea level with low humidity and room 
temperature between two flat surfaces 
is approximately 70 to 75 kilovolts per 
inch (28 to 30 kV/cm). A needle point, 
on the other hand, will break down at 
about 26 to 30 kV per inch (10-12 kV/ 
cm). Therefore, a "Blitzbug"™ type of 
lightning arrestor installed in each 
transmission line will add an additional 
safety factor. Since this type of device 
has a point spacing of about 0.02 inch 
(0.05 mm), it should fire at 500 to 700 
volts and handle reasonable follow-on 
current. The most common type of 
Blitzbug™ available is fitted with UHF 
connectors, but usable, with low 
VSWR, to about 450 MHz. 

SVPs (surge voltage protectors) are 
becoming very popular. Basically they 
consist of a pair of electrodes properly 
spaced and hermetically sealed in a 
rare gas field. Breakdown voltages of 
70 volts and up with low shunt capaci-
tance (0.5 to 2 pF) are now available. 
Several manufacturers offer them for 

insertion in transmission lines. Re-
member that SVPs, while fairly quick 
to turn on, will not prevent damage 
from the large or sustained current 
typical of a direct hit as effectively as 
the Blitzbug.™ 

For best lightning protection it may 
be best to install both types of devices 
in cascade in your feedlines and 
spaced about one-tenth wavelength 
apart such as discussed in the relay 
section of this column. In all cases, 
each of these devices should have a 
separate low-impedance ground return 
(see below). 

towers 
Towers should never be higher than 

necessary. The highest object in a 
given local area, after all, is especially 
vulnerable to lightning strikes. Each 
time the height of a tower is doubled, 
the chance of its experiencing a direct 
hit increases by a factor of 4! 

In the "good old days" lightning 
rods were installed on the rooftops of 
homes and tall buildings. I always 
thought they were meant to provide a 
discharge path, but some of my old-
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timer friends tell me that they may in 
fact work in the opposite way, emitting 
electrons and thereby repelling or at 
least decreasing the probability of a 
direct strike! In this regard, the same 
experts tell me that a blunt or ball-
shaped object would be a better way 
to ground a strike. I don't know which 
is correct. Maybe someone reading 
this column can enlighten us. 

Regardless of the outcome of this 
question, all towers and antennas 
should be well grounded for lightning 
protection. A single ground rod is not 
sufficient. Two ground rods may be 
even less effective than expected be-
cause when they're positioned close 
together electrically, they couple to 
each other. Therefore, I recommend at 
least two ground rods spaced 10 to 15 
feet (3 to 5 meters) apart, close to the 
base of a tower but at least 2 feet (60 
cm) from any concrete used in the 
installation. 

All ground rods should be at least 5 
to 8 feet (1.5 to 2.5 meters! long, with 
a minimum diameter of 5/8 inch (16 
mm). Always use high quality, well 
plated grounding rods (available from 
most electrical supply houses). Small 
low-cost ground rods often rust and 
become poor grounds after the first or 
second rain storm! 

Grounding rods should be con-
nected to the tower with a heavy (No. 
6 AWG or larger) solid copper wire. 
This wire should be kept as straight as 
possible so that it forms a low imped-
ance path for lightning (as just dis-
cussed). Keep all bends to a minimum. 
Also keep ground return wires away 
from other wires or cables to minimize 
any coupling effects. 

A strong bonding connection should 
be made where the grounding wire 
connects to the tower and the rod. 
The inductance of the wire and its 
ability to handle the peak current of a 
direct lightning strike are very impor-
tant. [I had a single aluminum 1 /8 inch 
(3 mm) diameter ground wire that ex-
ploded open when hit by lightning. 
You should have seen the damage in 
the shack as the strike found other 
discharge paths!] 

Lightning usually travels in a straight 

line. Therefore, whenever possible, 
bring all transmission lines away from 
your tower at right angles and in a 
reverse direction as shown in fig. 8A. 
This will cause any lightning to go 
directly to ground rather than down 
the transmission line, since the bend 
will act as a high impedance. In addi-
tion, you can loosely coil up to 3 to 5 
turns of your feedline in a 4 to 8 inch 
(10 to 20 cm) diameter, depending 
upon the minimum bending radius, to 
act as an RF choke (see fig. 8B). 

Remember that a direct hit can 
cause an extremely large current (20 to 
100,000 amperes!) to flow. Enclosing 
all transmission lines within an iron 
water pipe or tube (such as EMT) that 
is just a bit larger than the diameter of 
the line will considerably diminish the 
induced current. This is because of the 
limiting of the magnetic field by the 
steel (ferromagnetic material) tubing as 
shown in fig. 8C. The preferred 
method is to use 20 feet (6 meters) of 
tubing for each line, but even a single 
5-foot (1.5 meter) tube will help. If 
several shorter tubes are used, they 
need not be grounded or connected 
together. For economy's sake, several 
transmission lines can be placed inside 
a single tube. If this method is used 
and the tower is well grounded, the 
lightning will take the lowest imped-
ance path — directly to the ground 
rods instead of through the ham 
shack! 

When connecting transmission lines 
to a piece of gear, especially when rack 
mounted, bring the cables vertically 
from the floor level. Connect a suitable 
outside ground (such as the one just 
suggested for towers) to each shield 
at the floor level and at the base of the 
cabinet. This prevents the lightning 
from climbing vertically into the 
equipment. 

lightning, static and RF 
While a direct hit is hard to prevent 

and even more difficult to divert en-
tirely, these suggestions will at least 
limit damage and perhaps prevent it 
entirely. Other measures can also help. 

One of the best methods to protect 
equipment is to use a bandpass filter 
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(as described above). This is sug-
gested because lightning is primarily a 
low-frequency phenomenon — i.e., 
below 30 MHz. A high-pass or band-
pass filter (see fig. 9A with a high at-
tenuation at lower frequencies will sig-
nificantly decrease the energy entering 
a receiver. Unfortunately, this may not 
always be possible for those operating 
on the HF bands! 

Likewise, keep all coupling capaci-
tors at a minimum. A capacitance 
reactance of 2 to 5 ohms at the fre-
quency of operation should be used. 
This would suggest the use of no more 
than 200 pF at 70 cm. When low noise 
transistors first became available for 70 
cm operation, many preamplifiers were 
accidentally destroyed when con-
nected to automatic noise figure 
meters that used a gas tube noise gen-
erator. This failure was caused by large 
coupling capacitors that responded to 
the low frequency transient emitted by 
the firing of the gas tube. When low 
value capacitors were used, the prob-
lems diminished considerably. Fortu-
nately, modern automatic noise figure 
generators use solid-state diodes that 
don't have this problem. 

The placing of a 5 to 10 kilohm resis-
tor across your receiver inputs as 
shown in fig. 9B will also help, 
especially in elimination of static.9 It's 
standard practice in the CATV industry 
to place 510,000-ohm resistors in shunt 
with drop cables (the ones that go to 
your home), presumably to bleed off 
any charge buildup. 

Another technique is the use of a 
shorted quarter-wave stub. A coaxial 
" T " connector is placed in the trans-
mission line and the stub is connected 
and grounded as shown in fig. 9C. 
This stub is a high impedance at the 
frequency of use. Therefore it has low 
loss, but is a DC short for any static 
or lightning. 

physical handling 
We may do all of the foregoing 

without paying attention to some of 
the basics such as using extreme care 
in handling and connecting equip-
ment. All power supplies should be 
measured for proper voltages and 

BAND PASS FILTER 

® )h @ 

COAXIAL "T" CONNECTOR 

fig. 9. Other preamplifier protection 
schemes. R1 is typically 10 kilohm 
resistor. 

should preferably be in operation when 
they are connected to the equipment. 
Some HF transceivers have external 
power supplies that put out high peak 
voltages when first turned on. Manu-
facturers recommend that the power 
supply should be turned on before the 
transceiver; this procedure should be 
reversed when ceasing operation. It is 
also recommended that whenever you 
connect a power supply, the ground 
return should be connected first. If 
not, the return current may flow 
through any coax cables back to the 
power supply and induce a spike or 
spark into the amplifiers. Transmission 
lines sometimes store a charge. There-
fore, always discharge both sides of 

any incoming trasnmission lines to 
chassis ground before connecting 
them to the input of a receiver. 

components 
Component abuse or overstressing 

is one of the biggest problems faced 
by Radio Amateurs. Many of the fail-
ures I hear about are not induced by 
lightning or by RF, but rather by the 
user who is trying to milk the last bit 
of performance from a device. Solid 
state devices, especially those of the 
low-noise type, should never be oper-
ated at voltages, currents, or power 
dissipation levels beyond the manufac-
turer's specifications! The importance 
of using protective diodes and zener 
diodes as well as current limiting 
resistors, as discussed above, cannot 
be overstressed. Likewise, all resistors 
should be sufficiently derated in 
power. 

Capacitors, especially on a receiver 
input, should have adequate break-
down voltages. I've noticed that the 
CATV industry uses 1000 volts or 
higher breakdown voltages on all their 
capacitors on the input and output cir-
cuits. Surely they know something 
about lightning — they have thou-
sands of miles of transmission lines all 
over the world! 

summary 
In this month's column, I have 

described many of the types of failure 
mechanisms that can plague an active 
VHF/UHF Amateur. They range from 
carelessness and unwise short-cuts to 
events beyond our control. This col-
umn is not meant to alarm you; in fact, 
the opposite is true. If you understand 
the limitations of your equipment and 
the outside stresses and forces that 
can be placed upon them, you can 
take adequate protective measures 
using some or all of the techniques 
mentioned in this column. Taking 
short-cuts on grounding, filtering, 
and switching is "penny-wise and 
pound foolish." 

One final remark: some of the pro-
tection devices described may be de-
stroyed if you're unfortunate enough 
to suffer a failure or lightning strike. 
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NEMAL ELECTRONICS INTL., INC. 
SEE US AT DAYTON BOOTH #104 

i y o u r o n e s t o p coax supplier! i 

SATELLITE CONTROL CABLE 
5 TYPES AVAILABLE! 'NEW!'! Lowest LossJ 

Designed tor«asy. 
one-stspinstalialion 
providing the 
required cables for 
most earth station 
equipment 
an m adirect 
bunai jacHei 

TYPE 1 
(General Puipow) 

.,y I RG59/U 96* 
Copper Buifl 

1m )6Gauge 
Si* 22Gaujt 
]<a ?0Gatje 

Shielded plus 
tmr»fl Copper 
Own W,<t 

55C 
FT 

TYPE 2 
iMfl) 

t »G59/U 96̂  
Copper 0ia id 

2& 12Gauge 
lut IRf.sugc 
Jo MGaugt 

SMfled plus 
Tinned Copper 
Dram Wire 

J® QaoteSfrieWw? 
plus Tinntd Copper 
Dram Wire 

75® 

TYPE 3 
(Inteisal) 

2 BG59/U 96% 
Copper Braid 

2® 1 ? Gauge 
6 © iS Gauge 
3 a 2?-Gauge 

Shield eo plus 
11fined Copper 
Oram Wirr 

95C 

TYPE 4 
1 -HG6/U 18 G»«ge %% 

Cooper Srneid 
2 a UGiuje 
3 a 18 Gauge 
3 « ?0-Gau|e 

Shielded ptus 
Tinned Copper 
Drain Wire 

30?ZGauge Shielded 
plus Tinned Coppei 
Dram Wire 

79$ 
FT 

TYPES 
7 KG6/U 18 Gauge 96% 

Copper Shield 
?® I?Gauge 
3 9 18 Gauge 

Shielded puis 
finned Copper 
Dram Wire 

3® 22 Gauge Shielded 
plus linnedCsppei 
Oram Wire 

8 9 C 
FT 

Call tor 1000 FT pricing 

Only Nemat offers the quality construction RG59/U copper shielding made to mil spec JAN C 17. 
12 gauge conductors, tinned copper dram Wires and a true direct Dun at polyethylene jacket 

HARDLINE 
Two styles, two sizes tor all Installation needs 

• Aluminum Outer Conductor with Polyethylene Jacket 
1/2 inch loss .48 dB/100 ft. ® 30 MHz 

3.68 dB/100 ft @ 1000 MHz $1 25/ft. 
7/8 inch loss .28 dB/100 It. @ 30 MHz 

2.54 dB/100 ft @ 1000 MHz $3 25/tt. 

• Corrugated Copper Outer Conductor with Polyethylene 
Jacket 
1/2 inch loss .38 dB/100 ft ® 30 MHz 
(FLC12-50I) 2 78 dB/100 ft. @ 1000 MHz $159/11 
7/8 inch loss .13 dB/100 ft @ 30 MHz 
(FLC12-78J) 1.3 dB/100 ft. @ 1000 MHz $3 92/ft. 

COMPARE RG 213 1.25 dB/100 0 30 MHz 
8 5 dB/100 <0 1000 MHz ! 

HARDLINE CONNECTORS 
1/2 inch aluminum UHF M/F $19.00 Type N M/F $22.00 
7/8 inch aluminum UHF M/F $49 00 Type N M/f $49.00 
1/2 inch copper UHf M/F $22.00 Type N M/F $22.00 
7/8 inch copper UHF M/F $49.00 Type N M/F $49.00 

shipping 
Cable - $6.00 per 100 ft. 
Connectors — $3.00 per order. 
Orders under $20 add $2 additional plus shipping. 
Charge card — orders over $30 only. 
COO add $2.00. Florida Residents add 5%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE, COLUMBIA, KINGS 

BLONDER-TONGUE, TYTON, B&K 

• COAXIAL CABLE • SMATV PRODUCTS 
• MULTICONDUCTOR CABLE • COAX-SEAL 
• CONNECTORS-ADAPTERS • COMPUTER CABLE 
• HARDLINE • CRIMP TOOLS 
• IMU 7ISS • HELD STRENGTH METER 

COAXIAL CABLE SALE 
POLYETHYLENE DIELECTRIC 

RG-8/U 96% shield Mil Spec ($29.00/100) or 31'/ft. 
RG11U 96% shield 75 ohm mil spec 25'/ft. 
RG-55B/U double shield (RG-58 size) 50 ohm 45'/ft 
RG58U mil spec 96% shield ($10.00/100) or 11</ft. 
RG62A/U 96% shield mil spec 93 ohm 12«/ft. 
RG174/U mirt 50 12 mil spec ID'/II 
RG213 noncontaminating 96% shield mil spec 36'/ft. 
RG214/U double silver shield 50 ohm $1 65/ft. 
RG214/U tinned copper 65'/ft 
RG217/U double shield 50H 5/8" OD 85'/ft 

LOW LOSS FOAM DIELECTRIC 
RG-8X (Mini 8) 95% shield ($15.00/100) or 17*/ft 
RG8U 80% shield ($19.00/100) or 22'/ft. 
RG-8/U 97% shield 11 gu. (eq. Belden 8214) 31'/ft. 
RG58U 80% shield 07'/ft. 
RG58U 95% shield lO'/tt 
RG59/U 100% toil shield TV type 10'/ft 
RG59/U 70% copper shield 09*/ft. 
HEAVY DUTY ROTOR CABLE 2-16 ga 6-20 ga 36'/ft. 
Rotor cable 2-18 ga 6-22 ga Poly burial Jkl 19'/ft. 
Complete tine of multiconductor cables available 

CONNECTORS MADE IN USA 
Ampberwl PL 259 89' 
Pl-259 and/or SO 239 65' ea or 10/S5.99 
Double Male Connector $1.79 
PL-258 Double Female Connector 98' 
PL-259 Silver-Teflon Kings $1 59 ea. 
Reducer UG-175 or 176 22< oi 10/$2.00 
JG 255 (PL-259 to BMC) $2 95 
Elbow (M359) UHF Elbow $1.79 
F59A (TV type) 24« or 10/S2 00 
UG 21 D/U Type N Male lor RGB, Ampbenol $3.00 
UG-88C/U BNC Male lor RG-58. Amphenol $1.25 
jG 273 BNC P. 259 Amphenol $3.00 
3/16 inch Mike Plug for Collins etc. (cutoff) $1.25 
shipping 
Cable — $3.00 per 100 ft. 
Connectors — add 10%, S3.OO minimum. 
Orders under $20 add $2 additional plus shipping. 
Charge card — orders over $30 only. 
COD add $2.00. Florida Residents add 5%. 

12240 N.E. 14th Ave. IN S T O C K 

N o M i a m i F L ^ T l f i l - O V E R 500 ITEMS-NO. Miami, I- L OJl OI C O M P L E T E L I N E S 

Telephone: (305) 893-3924 ^ 172 

BAALNLO "SLOPER" TRAP ANTENNAS! 
PRETUNED - COMPLETELY A S S E M B L E D - O N L Y ONE NEAT S M A L L 
ANTENNA FOR UP T O 7 BANDS! E X C E L L E N T FOR C O N G E S T E D HOUSING 
A R E A S - A P A R T M E N T S - L I C H T - S T R O N G - A L M O S T INVISIBLE! 
FOR ALL M A K E S & M O D E L S OF A M A T E U R TRANSCEIVERS - T R A N S -
M I T T E R S - GUARANTEED FOR 2 0 0 0 - . „ „ , 
i M D D O l i c n ^ S T T ^ ^ N ^ A N D A L L 0 1 >»«r - I I M P R O V E D D E S I G N I „ u s u a | | y NOT I 
C O M P L E T E wi th 5 0 f t . R G 5 8 U - 5 2 ohn c " n b e u s l ! d 

P L 2 5 9 connector, Insulators, IS I t . 3 0 0 " A o r " * . . !! 
dacron end supports, center connector wi - V f t . . A t tacn 
built In l ightning arrester and stat ic dls- ' ' a u c e t - No | 
charge - molded..sealed, weatherproof - p end to t r ee 
resonant traps 1 "X6 " - you Just 
switch to band desired for 
excellent worldwide 
operation - t rans -
mitting and 

buildings etc. The ONLY A N T L N N A YOU WILL 
EVER NEED FOR A L L DESIRED BANDS - W I T H 
1Y TRANSCEIVER - NEW - EXCLUSIVE! 

No. 1 0 8 0 S - 8 0 - 4 0 - 2 0 - 1 5 - 1 0 - 1 t rap 
No. 1 0 4 0 S — 4 0 - 2 0 - 1 5 - 1 0 — 1 t rap 
No. 1 0 2 0 S 20 -15 -10 1 trap 

4 9 f t . $ 4 9 . 9 5 
2 6 f t . — - $ 4 8 . 9 5 
13 f t . $ 4 7 . 9 5 

SEND FULL PRICE FOR POSTPAID INSURED DEL. IN USA. (Canada Is $ 1 0 . 0 0 
extra for postage - clerical • customs etc.) or order using V ISA - M A S T E R C A R D - AMER. 

EXPRESS. Give number and e*. date. P H 1 - 3 0 8 - 2 3 6 - 5 3 3 3 9 A M - 6 P M weekdays. We/ 
ship In 2 . 3 days. ORDER NOWt All antennas guaranteed f o M year. 10 day money back trial If 
returned in new condition! Made In USA. 
W E S T E R N ELECTRONICS 

FREE I N F O R M A T I O N AVAILABLE ONLY FROM 
Dept. A H - 6 • 173 Kearney, Nebraska, 6 6 8 4 7 

However , the cost of replacing these 

devices is usually far less than the cost 

of replacing the equ ipment they pro-

tect! Remember , it 's virtually impossi-

ble to protect yourself f r om a direct 

l ightning hit but it is poss ib le to mini-

mize the destruction. 

acknowledgements 
I 'd like to thank Leroy M a y , W 5 H N , 

a great old-time V H F / U H F e r , who , by 

his letter to me several years ago, en-

c ou r a ged me to write o n this subject, 

references 
1. Joe Reisert, W 1 J R , "Requ i rements and Recom-

mendat ions for 70-cm E M E , " ham radio, June, 1982, 

page 12. 

2. Robert V . Garver, Microwave Diode Control 

Devices, A n e c h Hou se Inc., 1976. 

3. Joe Reisert, W 1 JR . " V H F / U H F World: High Power 

Amplifiers, Part 2 , " ham radio, February, 1985, page 

38. 

4. J o seph H. Reisert, Jr., W 1 J R , "Ultra Low-No i se 

U H F Preamplifier," ham radio, March, 1975, page 8. 

5. J o e Reisert, W 1 JR . " V H F / U H F Preamplifier Burn-

ou t , " ham radio, November, 1978, page 43. 

6. Joe Reisert, W I JR . " W h a t ' s W r o n g With Amateur 

V H F / U H F Receivers - and W h a t W e Can D o to 

Improve T h e m , " ham radio, Ma rch , 1976, page 44. 

7. J o e Reisert, W 1 J R , " V H F / U H F Wor ld : H igh 

Dynamic Range Receivers, " ham radio, November, 

1984, page 97. 

8. J o e Reisert, W I JR , " V H F / U H F Wor ld : The V H F / 

U H F Primer: A n Introduction to Filters," ham radio, 

Augu s t , 1984, page 112. 

9. Joe Reisert, W 1 JR , " V H F / U H F Wor ld: Low-Noise 

G a A s FET Techno logy , " ham radio, December, 1984, 

page 99. 

10. Bradley Wells, KR7L , " L i ghtn ing and Electrical 

Transient Protection," ham radio, December, 1983, 

page 73. 

important VHF/UHF events: 

June 1: 
June 5: 

June 8 9: 
June 15: 

June 21: 

June 29: 
June 29-30: 
July 20: 

July 20-21: 
July 25: 
July 27-29: 

July 28: 

EME Perigee 
Predicted peak of the Arietids 
meteor shower (1930 UTCI 
ARRL VHF OSO Party 
Predicted peak of the June 
Lyrids meteor shower (0400 
UTCI 
Mean date for the two month 
annual peak of sporadic-E 
propagation 
EME Perigee 
SMIRK 6-meter Contest 
± two weeks, look for 2-meter 
sporadic E openings 
CQ VHF WPX Contest 
EME Perigee 
Central States VHF Confer-
ence, Tulsa, Oklahoma (Con-
tact WORRY/5) 
Predicted peak of Delta 
Aquarids meteor shower (OXO 
UTCI 
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Overall view of the coil winder set up to wind No. 30 enameled wire on 
s-form approximately 0.8 inch {20 mml x 0.43 inch (11 mm| x 2 inches 
(51 mm) long. About half of the winding length has been filled and the 
clothespin is clamped on the screw thread that causes the main shaft to 
traverse from left to right; the winding progresses from right to left. The 
mini-box at upper left is an SCR motor controller, and the two wood blocks 
at left are for later addition of a turns counter as explained in the text. 

wind your own transformers 
— inexpensively 

Novel approach 
produces high quality, 
low-cost replacements 

I've seen many excellent articles on rewinding 
transformers in the home workshop. Valuable infor-
mation for calculating the number of turns per volt 
relating to core size, insulation, varnish dipping, and 
space available was included, but in each of these arti-
cles it always seemed that in order to complete the 
project, it was necessary to somehow hold the coil in 
one hand and the wire in the other and just wind away. 
Many authors noted, of course, that the methods were 
really not suited to coils with a large number of turns 
of small wire, but were ideal for the larger sizes of wire, 
such as might be found powering the lower voltage 
transistor circuits popular in recent years. 

This article describes a home-brew coil winding 
machine that will wind wire uniformly and neatly. It 
can be built from readily available, inexpensive parts. 
Most of the parts can be found right at home; the rest 
are available at reasonable prices. The only equipment 
necessary is a small drill press, a table saw, and the 

usual hand tools found around the hamshack. A 3 to 
4 inch-circle cutter attachment for the drill press will 
save a lot of time. 

background 
Several years ago, when I experimented briefly with 

Amateur Television, I acquired a 12-year-old television 
camera with a bad power transformer. At first I 
thought it would be a simple matter to order a replace-
ment transformer, but my enthusiasm faded when the 
manufacturer told me they'd stopped stocking parts 
years ago. My interest diminished even more when I 
learned that a professionally rebuilt replacement that 
would fit in the available space and meet the electrical 
requirements would cost $200.00. 

My conscience wouldn't allow me to junk a perfectly 
good TV camera, and there was no way I 'd spend 
more for a transformer than I'd invested in the whole 
camera. For years I'd toyed with the idea of a home-
brewed coil winder; it seemed its time had finally 
come. 

how it works 
Small transformers are wound on a fairly com-

plicated piece of machinery that rotates the form, or 

By C.F. Hooper, W4GDW, 1457 Young Avenue, 
Clearwater, Florida 33516 
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WINOING SPACE 

(SEE WINDING 

DETAIL) 
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^ '00 
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15 0' 

<36.ten ) 

MATERIAL 0. 25 " (6. 35 m m) DtA. STEEL ROD DO NOT SCALE 

CLOSE: WIND 

LEFT HAND 

WINDING DETAIL 

fig. 1. Dimensions of main shaft of coil winder. 

mandrel, on which the wire is being wound. While the 
form makes one revolution, the feed guide moves the 
same distance as the diameter of the wire (plus 
perhaps a fraction of that distance for clearance). Such 
a winding lathe has a large selection of gears available 
so that the lead screw is turned at just the right rate 
to accomplish this motion. A transformer winding 
machine costs thousands of dollars — and the average 
ham obviously doesn't wind coils often enough to 
justify that expense. 

It would be fairly easy for an Amateur to assemble 
a device that would merely rotate the coil form, but 
the mechanism necessary to move the wire guide at 
precisely the proper rate — unless you already have 
a lathe with many gears — gets much too complicated 
for a homebrew project. 

In searching for ways to solve the problem inexpen-
sively, it occurred to me that the shaft on which the 
coil form was mounted could do the lengthwise 
moving, while the wire feed point remained stationary. 

As I began to think about having lead screws made 
for each size of wire and the many other details, I 
realized I could use the wire itself for the lead screw! 
Normally you'd have a little bit of the size wire you 
were going to wind left over. So why not form the 
lead screw threads right on the shaft by simply winding 
on a single layer of wire for each direction of feed, 
securing it in place if necessary? It's fairly easy to close 
wind on a round rod, even with small wire; besides, 
you do it only once for each size of wire you're going 
to wind. 

The shaft is made to move lengthwise while rotating 
by mounting a pair of pads of resilient material on 
strips of metal fastened to the bearing posts, close to 
the shaft but not touching, on either side. When 
feeding is desired, a clothespin is used to clip over the 
pads to bring them in contact with the "threads." 
There are two sets of these pads, one for each direc-
tion of feed, so when ready to reverse wire feed, you 
simply stop the rotation and move the clothespin to 
the other pair of pressure pads, insert and wrap the 
paper insulation layer over the layer just wound 
(securing it temporarily with masking tape if needed), 
and then restart winding with feed in the other direc-
tion. I designed my winder around 0.25-inch (6.35 mm) 
steel rod, and to accommodate an actual winding 
length of 1.8 inch (46 mm), which means that a 2-inch 
(51 mm) long winding form can be handled with a little 
space at each end. I wanted to have a winding shaft 
for each wire size to be used to save for use again with 
that particular size. This means, of course, that when 
you've finished winding one wire size, you remove the 
drive pulley and the winding form, mount them on 
another rod made up for the next wire size, and re-
install the unit into the bearings. The "bearings" are 
simply wood posts with a slot sawed into the top in 
which the winding shaft lies, leaving it free to slide 
lengthwise as well as to rotate. 

The shaft is powered by an old sewing machine 
motor (complete with pulley, if possible) made to be 
variable in speed by the inclusion of an SCR speed 
controller built from a diagram in the General Electric 
Company SCR manual.1 Similar circuits can be found 
in the handbooks: a plain old Variac — or even the 
foot control from the sewing motor — would do. 

construct ion 

Main shaft. The main winding shaft is made from 
0.25-inch (6.35 mm) steel rod, with a flat filed on one 
end for the drive pulley set screw, three small holes 
for securing the "thread" winding, and a tapped hole 
for attaching the coil form and mandrel. (When buying 
the rod, be sure to select the straightest and smoothest 
you can find; its dimensions are shown in fig. 1.) It 
seems wise to postpone placing the winding on the 
shaft until the winder is complete enough to be used 
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so that the motor can rotate the shaft for you. For the 
finer sizes — perhaps No. 30 and smaller — the wire 
can be cemented to the shaft to avoid an accident 
during winding. After cleaning with alcohol, I used a 
very thin coat of epoxy cement (not the"quick setting" 
type) applied to the winding space before winding on 
the wire. After winding, I carefully removed the ex-
cess from the outside of the winding with a cotton ball 
and denatured alcohol. The outside surface of the wire 

should be clean enough so that the follower pads can 
"feel" the individual turns. 

Bearing and thread fol lower support. Dimensions 
for this part are shown in f ig. 2. The bearings were 
constructed from a piece of ordinary 3/4-inch (1.90 cm) 
thick board. Note that the slots that form the bear-
ings are slightly larger than needed to accept the main 
shaft rod; this is to permit lining the slot with several 
thicknesses of nylon fabric as needed to act as a low 
friction bearing. The shaft should not bind or be loose 
and wobbly, but should turn freely as well as slide 
lengthwise freely. 

Screw thread fol lower. This part is made from or-
dinary 1/2-inch (13 mm) wide steel banding, such as 
used for strapping crates. If steel strapping isn't availa-
ble, pieces can be cut from a tin can. Four pieces are 
mounted on the bearing posts so that they contact 
the wire "screw thread" when the clothespin is clipped 
over them. These are detailed in f ig. 3, and the photo 
of the entire winder shows them clearly. The pads 
cemented to the pieces are important; they should be 
made from a resilient material that will "sink into" the 
grooves between the "screw thread" wires when 
pressed against them. I used automobile gasket 
material — the kind used for mounting water pumps 
and such. The note "bend as needed" in f ig. 3 means 
that after installing, a bit of judicious bending is in 
order so that no contact is made until the clothespin 
is clamped on. When it is, it should contact as many 
turns of the "thread"as possible. 

Drive pulley. I fabricated this part by cutting two 
discs from 5/8 inch (15.9 mm) particle board using the 
circle cutter in the drill press, truing them up by 
mounting them on a 0.25-inch bolt in the drill press, 
as if it were a lathe. I turned the cutting bit in the circle 
cutter so the disc being cut had straight sides, not the 
hole. (In the absence of a circle cutter, a sabre saw 
would probably do the job if, after cutting, you then 
mount the discs in the drill press and straighten up 
their sides with a sanding block — they should run as 
true as possible. I slipped the two pieces on a rod (for 
alignment), spaced for the width of the drive pulley, 
and, using epoxy, then cemented the thin aluminum 
around them to form a drum, using several rubber 
bands to hold them until the epoxy set. Then the 
flanges were cemented onto the ends of the pulley. 
(Incidentally, if a circle cutter is used in the drill press, 
clamp the work piece down securely and be sure to 
follow all the safety rules.) 

Both the drum surface and the end flanges were cut 
from discarded aluminum offset printing plates. Al-
though only between 0.010 inch (0.25 mm) and 0.012 
inch (0.30 mm) thick, this metal works nicely. It should 
be available inexpensively from print shops or news-
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a 25" 
* (e.J5mm! 

2.5 x 11.5 inch (6.35 x 29.2 cm) of 0.010 to 0.012 inch 
(0.25 to 0.3 mm) thick aluminum sheet (used printing 
plate). Position end disks on 0.25 inch (6.3 mm) rod for 
alignment. Wrap around end disks, cemented with 
epoxy (including overlap). Secure with sufficient rubber 
bands until set. Align carefully so aluminum sheet does 
not overhang disks. 

End disks (2 needed): Make from particle board or ply-
wood, 0.6 to 0.75 inch (15 to 19 mm) thick. Diameter 
3.5 inch (89 mm) with 0.25 inch (6.35 mm) hole in 
center. 

2 holes all the way through, 0.125 inch (3.2 mm) 
diameter. Insert 2.5 inch (6.35 mm) long x 0.125 inch 
(3.2 mm) OD brass tubing and cement (for later addi-
tion of a turns counter). Drill these after assembly is 
complete. 

2 flanges needed, 3.87-inch (98 mm) diameter with 0.25 
inch (6.35 mm) hole in center. Make from aluminum 
sheet or thin, stiff cardboard. Cement to end disks. 

fig. 4. Dimensions for drum parts and fabrication. 

papers. Since the drive belt should never reach the 
edge of the pulley, the flanges aren't really necessary, 
but they look nice. 

The hole for the set screw that secures the pulley 
on the shaft is tapped edgewise in the particle board 
(1/4-20), and so far the threads haven't stripped out. 
As an additional feature, I installed two pieces of 1/8 
inch (3.27 mm) OD brass tubing (cut from discarded 
ball point pen refills) opposite each other on about 0.5 
inch (12.7 mm! diameter and lengthwise through the 
pulley (avoid the set screw!). This was to provide the 
addition of a counter with a couple of stiff wires taped 
to its shaft that could be inserted inside these holes 
and slide freely as the shaft moved back and forth. 
Dimensions for the drum parts and fabrication are 

A.B TO MATCH CORE 

DIMENSIONS (ALLOW 

Select stiff, straight wires at least 5.5 inches (14 cm) 
long and small enough to slide freely in the brass tubing 
lined holes through the drive pulley (old bike spokes). 

Position counter so that ends of counter drive wires are 
about 0.125 inch (3.2 mm) from nearest side of bearing 
block. 

Build up countershaft with tape. Place wires on oppo-
site side and tape wires in place so their centers are 0.5 
inch (12.7 mm) apart. 

Make counter support block so that center of counter 
shaft is at same height as center of winding shaft and 
aligned with it. Block should be removable to enable 
changing rod. 

fig. 5. Coil Mandrel. 

shown in fig. 4. If one should want to add a counter 
as mentioned above, a sketch showing how I did it 
is shown in fig. 5. 

Base and layout. I used a piece of 1 /2 inch (12.7 mm) 
plywood, thickened to 1 inch (25.4 mm) around the 
edges, measuring approximately 26 x 10 inches 
(66 x 25 cm), as a base for the entire coil winder. Any 
convenient layout is satisfactory. I mounted the shaft 
bearing against an additional piece of wood the same 
length, using small nails and glue, providing a " l ip" 
that could be mounted from the top side. Otherwise, 
mounting with wood screws up from the bottom side 
of the base into the bottom edge of the bearing should 
do the job. The drive belt won't be specified, but many 
are available that will work. The motor should be posi-
tioned so that the belt is just tight enough to run with-
out slipping. Too tight a belt will cause obvious prob-
lems. A sewing machine shop would be the best place 
to look for a suitable drive belt; other sources might 
include jewelers or other craftsmen who could supply 
the belting used to run smaller lathes. This type of 
belting comes in a continuous length. A suitable piece 
is cut and the ends are joined together by heating. 

The direction of rotation should be considered. In 
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fig. 6. Method of coupling counter to winding shaft while 
still retaining freedom of lateral shaft movement. 

my opinion the top of the shaft should be moving away 
from you when you stand in front of the winder; this 
facilitates inserting insulation papers and observing the 
wire as it winds on. 

Wire tens ion and feed ing. In keeping with the idea 
of building something for practically nothing, the 
winding wire is fed onto the coil over a block of wood 
(see lower right in photo of completed unit) between 
two pieces of felt clamped in place by a short strip of 
metal held in position by small wooden screws. Glue 
one piece of felt to the piece of metal and one to the 
top of the wood block, and adjust wire tension by 
tightening or loosening the screws. Tension should be 
maintained as uniformly as possible all during the 
winding of a coil; too much tends to "crunch up" the 
layers already wound underneath, and too little leaves 
the wire already wound free to move around or slip 
out of position. A much more elaborate wire ten-
sioning system would be preferred, but this method 
will hold the wire in position accurately enough for 
now. Feeding the wire off the end of the supply spool 
helps to avoid any additional drag. 

Wind ing mandre l or f o r m . I made this of wood cut 
to match the core si/e of the transformer, and with 
a hole diameter in one end to fit on the winding shaft, 
and in the other to accept a No. 10 screw (push in), 
and with saw cuts so that when the screw is removed, 
the mandrel shrinks a little to allow coil removal. To 
be safe, I included some paper shims — when the coil 
is finished, it's too late to discover that it won't go aver 
the core! (See f ig. 6 for details.) 

General. Once this winder is in operation, it will 
become apparent that the lateral position of the shaft 
is rather delicate, so be careful to see that nothing gets 
in its way while winding. Once a set-up was made, 
I tested it by having the shaft run back and forth 
several times under power and with the follower pads 
clamped on just to make sure everything was in order 
before actually starting the winding. This also helps 

the follower pads to match the shape of the wire screw 
thread. 

A thin coat of lubricant such as petroleum jelly on 
the screw thread winding is suggested. 

One more precaution should be mentioned. Since 
not all enameled wire of a given copper size has the 
same thickness of enamel on it, the best course to 
follow is to use wire from the same spool for both the 
screw thread winding and the coil, if not, make sure 
the wire for the thread is not smaller in overall diameter 
than that used for the wire to be wound. 

I was able to wind over 2300 turns of No. 42 enam-
eled wire on a coil without any problems, and found 
that it could be run at over 200 RPM as long as the 
speed was brought up gradually. (In case you're 
wondering, I was able to rewind the power transformer 
for the TV camera — and it's still working!) 

This design could easily be adapted to provide for 
greater winding lengths than the 1.8 inch (46 mm) I 
have provided for. Just remember to increase the 
space between the bearing posts and the overall length 
of the shaft rod to allow for the extra lateral move-
ment needed. 

references 
1. SCR Manual, <1th Edition. General Electric Company, page 210. 
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SATELLITE TELEVISION RECEIVER 
SEMIKIT 

with dual conversion downconverter 

FEATURES: 
• Infrared remote control tuning 
• AFC, SAW filter 
• RF or video output 
• Stereo output 
• Polorator controls 
• LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT S300.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 Nickel, San Pablo, CA 94806 • m Tel. 415-724-0587 
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FORECASTER 

e a r t h s t o n e h o c k e r , KORYW 

sporadic-E propagation 

During the summer months, the 
sun, almost directly overhead, pro-
duces more ions in the lower iono-
sphere than it does in winter. These 
ions support short-skip propagation 
— even multiple short-skips. The 
geomagnetic field clusters and forces 
these overly abundant ions into cloud-
like patches known as sporadic-E (Es). 
These patches, which form in a thin-
dense layer about 60 miles (100 km) 
above the earth, give rise to strong, 
mirror-like signal reflections over short-
skip distances of 600 to 1200 miles 
(1000 to 2000 km). 

Because Es is related to the summer 
sun, the best locations for working 
these Es openings are in the Northern 
Hemisphere from June through Sep-

tember and in the Southern Hemi-
sphere during its summer, December 
through March. In each hemisphere 
the best Es is found on either side of 
the geomagnetic equator; it's espe-
cially good where the geomagnetic 
equator is farthest from the geographic 
equator, giving greater distance and 
force for formation. These special 
areas are South-east Asia in the 
Northern Hemisphere and South 
America in the Southern Hemisphere, 
with the former the better of the two. 
This is because the sun's maximum 
level of ion production occurs in the D 
and E layers (37 to 62 miles, or 60 to 
100 km) above the earth at 23 degrees 
latitude, directly under the sun. As 
the ionization travels (in movement 
known as diffusion or drift) from this 
maximum to less dense areas, Es is 

bunched by field-strength variations. 
When ions move, they can move only 
parallel to the geomagnetic field lines, 
not perpendicular to them. (See cross-
section views of the earth's magnetic 
field lines in fig. 1, particularly those 
lines connecting the northern and 
southern hemispheres.) Figure 21 

shows the movement of Es patches 
across the United States. The Es 

patches are the variation (bunching) of 
ions caused by changes in the geo-
magnetic field strength modulating 
and forcing the ions in their north-
south movement. In these two special 
areas of maximum separation between 
equators, the modulating force and the 
distance over which to bunch are 
greatest, so more Es patches are 
formed. 

last-minute forecast 

DX conditions for the higher fre-
quency bands, 10 through 30 meters, 
are expected to be very good during 
the first and last weeks of the month 
when the solar flux could be high. 
(Verify this daily by checking WWV at 
18 minutes after each hour.) During 
the middle weeks of the month, the 
lower frequency bands should engage 
interest for some short skip daytime 
and DX at night. Geomagnetic distur-
bances are expected on June 6th and 
16th. The moon will be full on the 3rd, 
and closest approach (perigee) will 

fig. 1. The earth's magnetic dipole field, depicted relative to the size of the earth, shows that ions can move only north or south 
along field lines, not east or west across them. Consider, for example, the movement of Es patches across the U.S. as shown in 
figure 2.1 
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RF 
TRANSISTORS 

f ig. 2. Clouds producing sporadic-E propagat ion general ly t ravel f r o m southeast to n o r t h w e s t 
a t a p p r o x i m a t e l y 180 mi les (280 k m ) per hour , m o v i n g in a re la t ive ly s t ra ight l ine. 

occur on the 1st and 29th. Summer 
solstice is on the 21st at 1044 UTC. 
The Aquarid meteor shower starts 
about the 18th, peaks about the 28th, 
and lasts until about August 7. The 
maximum radio-echo rate will be 34 
per hour. 

band-by-band summary 
Six meters will provide occasional 
openings to South Africa and South 
America around noontime by short-
skip Es. 

Ten meters will provide long-skip con-
ditions in the afternoon during the 
peak times of the 27-day solar cycle. 
Otherwise, look to sporadic-E short-
skip and multihop openings around 
local noon for DX on these bands. 
(Transequatorial evening openings do 
not usually occur in the summertime.) 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty meters will stay open on long 
southern paths into the night, though 
15 will drop out in the late afternoon. 
Operate on 15 first, then move down 
to 20 meters later. DX is 5000 to 7000 
miles (8000 to 11,200 km) on these 

bands. There may be some long one-
hop transequatorial propagation. 

Thirty and forty meters are both day-
time and nighttime bands. Intermedi-
ate distance operation (1000 to 1500 
miles, 1600 to 2400 km), in any direc-
tion is considered daytime DX. Night-
time DX on these two bands may be 
expected to occur over greater dis-
tances than on 80 meters and, like 80, 
will follow the darkness path across 
the sky. Signal strength and distances 
covered are reduced on days of high 
solar flux values. In addition, no 
30-meter openings will take place dur-
ing the pre-dawn hours on the morn-
ing after these high radio flux values. 

Eighty and one-sixty meters will exhibit 
short-skip conditions during daylight 
hours and lengthen for DX near dark. 
Eighty meters will open to the east just 
before your sunset swing more to the 
south as midnight approaches, and 
end up in the Pacific areas during the 
hour or so before dawn. (One-sixty 
opens later and ends earlier.) 

references 
1. Joe Reisert, W1JR, "The VHF/UHF Primer: An 
Introduction to Propagation," ham radio, July, 1984, 
page 14. 
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FRESH STOCK - NOT SURPLUS 
TESTED — FULLY GUARANTEED 

P/N 
MRF406 
MRF412 
MRF412A 
MRF421 
MRF421C 
MRF422" 
MRF426" 
MRF426A* 
MRF433 
MRF435* 
MRF449 
MRF449A 
MRF450 
MRF450A 
MRF453 
MRF453A 
MRF454 
MRF454A 
MRF4SS 
MRF4S5A 
MRF458 
MRF460 
MRF475 
MRF476 
MRF477 
MRF479 
MRF485* 
MRF492 
SRF2072 
CD2545 

Selected 

2-30MHz 12V C 
Rating 

20W 
BOW 
80W 

100W 
110W 
150W 

25W 
25W 
13W 

150W 
30W 
SOW 
50W 
50W 
60W 
60W 
SOW 
80W 
60W 
60W 
80W 
60W 
12W 

3W 
40W 
15W 
15W 
90W 
75W 
50W 

High Gam Malched 

= 28V) 
Ea 

$14.50 
18.00 
18.00 
25.00 
27.00 
38.00 
17.00 
17.00 
14.50 
42.00 
12.00 
11.00 
12.00 
12.00 
15.00 
15.00 
16.00 
16.00 
12.00 
12.00 
18.00 
16.50 
3.00 
2.50 

13.00 
10.00 

6.00 
18.00 
15.00 
24.00 
Quads 

Match Pr 
$32.00 

40.00 
40.00 
54.00 
58.00 
82.00 
40.00 
40.00 
32.00 
90.00 
27.00 
25.00 
27.00 
27.00 
33.00 
33.00 
35.00 
35.00 
27.00 
27.00 
40.00 
36.00 

9.00 
8.00 

29.00 
23.00 
15.00 
39.00 
33.00 
55.00 

Available 

VHF TRANSISTORS 
Tyoe Rating Ea Match/Pr 

MRF221 15W $10.00 — 

MRF222 12W 12.00 — 

MRF224 40W 13.50 $32.00 
MRF231 3.5W 10.00 -

MRF234 25W 15.00 39.00 
MRF237 1W 2.50 — 

MRF238 30W 12.00 — 

MRF239 30W 15.00 — 

MRF240 40W 16.00 — 

MRF24S SOW 25.00 59.00 
MRF247 SOW 25.00 59.00 
MRF260 5W 6.00 — 

MRF264 30W 13.00 — 

MRF492 70W 18.00 39.00 
MRF607 1.8W 2.60 — 

MRF627 0.5W 9.00 — 

MRF641 15W 18.00 — 

MRF644 25W 23.00 -

MRF646 40W 24.00 59.00 
MRF648 60 W 29.50 69.00 
SD1416 80W 29.50 -

SD1477 125W 37.00 — 

2N4427 1W 1.25 — 

2N5945 4W 10.00 — 

2N5946 10W 12.00 — 

2N6080 4W 6.00 -

2N6081 15W 7.00 — 

2N6082 25W 9.00 — 

2N6083 30W 9.50 _ 
2N6084 40W 12.00 29.00 

TMOS FET 
MRF137 30 W $22.50 — 

MRF138 30W 35.00 -

MRF140 1S0W 92.00 — 

MRF150 150W 80.00 — 

MRF172 SOW 65.00 — 

MRF174 125W 88.00 — 

Technical Assistance & cross-reference 
information on CD, PT, RF, SRF. SD P/Ns 
Call Engineering Dept. (619) 744-0728 

RF Parts Cata log Ava i lab le „ n 

O E M & Quant i ty D iscounts ^ 1 > u 

M i n i m u m Order $20 A d d $3 5 0 Sh ipp ing 
W E SHIP S A M E DAY C .O .D . /V ISA /MC 

ORDERS ONLY: 800-854-1927 

IF"! 
W/ltiM 
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tebook 
PLL phase modulator 

I devised this circuit to help students 
understand the difference between fre-
quency and phase modulation. It is 
also useful for studying the effects of 
phase-shift behavior in a closed-loop 
circuit. 

Most phase modulators contain a 
certain amount of amplitude modula-
tion, but this one does not. Its basic 
circuit, shown in fig. 1, uses a 565 PLL 
chip as a modulator, which is limited 
to a maximum frequency of about 500 
kHz. 

Resistor R1 and capacitor C I estab-
lish the approximate operating modu-
lation frequency where f s 1.2/ 
4R1C1. The reference or input fre-
quency should be adjusted until lock 
is obtained as described below. If 
desired, the input signal can be pro-
vided by a crystal-controlled oscillator 
(this is one of the chief advantages of 
phase modulation). 

Lock can be determined by observ-
ing the input frequency on one chan-
nel of a dual-trace scope and the VCO 
frequency on the other channel. Pin 9 
of the 565 should be used to observe 
the VCO frequency because a triangu-
lar waveform is available at this point. 
Pins 4 and 5 provide the normal 
square-wave outputs of the chip, but 
the fast rise and fall times make it hard 
to see what is happening to the wave-
forms at this level. 

Once lock is achieved, the input fre-
quency should be adjusted until the 
reference oscillator frequency and the 
VCO frequency are in phase. Alterna-
tively, the value of R1 and C1 can be 

REFERENCE 
OSCILLATOR 

10 Ifl 

4T0i 

rOpF 
+ fOk 

Z 1( VVW 

"—^ j—i O OUTPUT 

i O.OOI / \ f \ J 

MODULATING 
FREQUENCY 

I j 
fig. 1. S chemat i c d i a g ram of the experimental PLL phase modulator. 

adjusted to shift the phase of the VCO 
signal. 

The next step is to apply the modu-
lating frequency to the error voltage 
input pin. A very low frequency should 
be used at first. Observe the display on 
an oscilloscope, making sure the scope 
is triggered on the reference signal. If 
the circuit is working correctly, the 
reference signal should be steady and 
the VCO signal should shift slowly 
back and forth in phase. The VCO is 
now being phase modulated. 

Try experimenting with different 
amplitudes of the modulating fre-
quency. The amount of modulation 
should vary with the amplitude of the 
modulating frequency. If the modula-
tion amplitude is too high, the VCO 
may lose lock. 

The amount of modulation is some-
w h a t l im i ted in t h i s c i rcu i t . If m o r e 

modulation is needed, additional mod-
ulators may be added in cascade. The 
ouput of the first modulator must be 
taken from pin 4 or 5 and reduced in 
level to about 200 mW before being 
fed to the second modulator. 

Another characteristic of phase 
modulators may also be observed. As 
the modulation frequency is increased, 
the amount of modulation also in-
creases. (This is another advantage of 
a phase modulator over an FM modu-
lator. ) Pre-emphasis is built right into 
the circuit and does not have to be 
added externally. 

I have found this circuit easy to build 
and helpful to students. It can be con-

verted to FM by removing the refer-
ence oscillator. 

I would be interested in hearing from 
other ham radio readers about applica-
tions using other chips at higher 
frequencies. 

bibliography 
Berlin, Howard M., The Phase-Lock Loop Bugbook, 
with Experiments, page 7-7 to 7-10. Capital City Press, 
Montpelier, Vermont, 1978. 

Graham W. Stratford, VE3FHM 

Mir 
ort circuits 

INIMUF modification 
The software code modification of the 
MINIMUF 3 propagation program pro-
vided in fig. 2 of the February, 1985 
"DX Forecaster" (page 75) contains an 
error. Line 1774, which reads IF 
F2> F3 THEN 1779 should read IF 
F2>F3 THEN 1780. 

filter design 
The program shown in N6JH ' s 
"Computer-aided Interdigital Bandpass 
Filter Design" (January, 1985, page 12) 
will correctly execute all examples 
given in the text and are applicable to 
any Chebyshev filter design. However, 
if a Butterworth design is desired (OdB 
entered as the desired ripple in the 
passband), the program will plot the 
attenuation graph incorrectly, although 
it will compute the mechanical details 
correctly. Changing line 970 from 
GOT01040 to GOT01020 will correct 
this problem. 
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market 
RATES Noncommercial ads 10$ per word; 

commercial ads 6DC per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

MILITARY COMMUNICATIONS: CPRC-26 Manpack Radio 
{described in March 1985 Ham Radio), transceives 46-54 MHz 
FM, with battery box. antenna, crystal, handset: $22.50 apiece. 
$42.50/pair, good condition R-390A Receiver, .5-30 MHz all 
modes, 4 mechanical filters, meters sealed (Government re-
moved, operation unaffected): complete/checked $175, com-
plete/unchecked $115, spare parts unit (80% complete, 
missing PTO/power supply) $65. Into SASE. CPRC-26 add 
$4/unit shipping. R-390A shipping charges collect. Baytronics, 
Dept. HR. Box 591, Sandusky, .OH 44870. Phone (419) 
627-0460 evenings. 

CX7 REPAIRS. 414-549-9210 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft, PO Box 412, W. Sand Lake, NY 
12196. 

CABLE TV EQUIPMENT. Jerrotd, Hamlin, Zenith, many 
others. Factory units/lowest dealer prices. Complete illustrated 
catalog $2.00. Pacific Cable Co., Inc., 7325'/! Reseda Blvd., 
Dept 1002, Reseda, CA 91335. (818) 346-5071 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed, $41.00. Send 
stamp for details. W8UUR, 1025 Wildwood Road. Quincy, Ml 
49062. 

F o r e i g n S u b s c r i p t i o n A g e n t s 
for H a m Radio M a g a z i n e 

Ham Radio Austria 
Karin Ueber 
Postiach 2464 
D-7B50 loerrach 
Wesl Germany 
Ham Radio Belgium 
S'ereohouse 
Brusselsestsenweg 416 
8-921B Gent 
Belgium 

Ham Had® Holland 
Postbus 4t3 
ML-7800 A r Em men 
Holland 

Harn Radio Europe 
Box 2084 
S-194 02 Upplands Vasby 
Sweden 
Ham Radio France 
SM Electronic 
20 Dis, Ave des Clarions 
F-89000 Auxer'e 

Ham Radio Germany 
Karin Ueber 
Posifach 2454 
D-7850 Loerrach 
West Germany 

Canada 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices m Canadian tunds 
I yr $29 95, 2 yis $53 30 
3 yrs $75 40 

Ham Radio Italy 
Via Pordenone 17 
I-2013? Mtlano 
Italy 

Ham Radio SwiUerlarxJ 
Karm Ueber 
Postfacn 2454 
D-7850 Loerrach 
West Germany 

Ham Radio England 
c/o fi S G 8 

Alma House 
Cranti<yne Hoad 
Potters Bar 
Heds EN6 3JW 
England 

Holland Radio 
143 Green way 
Green side. Johannesburg 
Republic of South Africa 

COMPUTERIZE YOUR IC-720. Keyboard frequency entry, 64 
memories, scanning (frequency, memory, and mode), many 
more features. Requires no interface, just cable — directions 
included. For Commodore 64. Cassette $14.75, disk $16.75, 
ppd. Cables also available. David Oliver, W90DK, Rt. 2, Box 
75A, Shelvin, MN 56676. 

CUSTOM MADE embroidered patches Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Dept 301, 4202 N. 
Drake, Chicago, IL 60618. 

DIGITAL AUTOMATIC DISPLAYS. All transceivers Six 1/2" 
digits. 5" wide by 1-1/4" by 9" cabinet! Send $1.00 for infor-
mation. Grand Systems, POB 2171, Blaine. Washington 
98230. Canadians VE71B. 

2500 VOLT POWER SUPPLY. From two TV transformers, full 
wave 120 cycles. Send $1.00 postage & handling for 
schematic You won't see this one in any books. Leverne 
Kalor, Rt. 1, Ogilvie, MN 56358 

CUSTOM EMBROIDERED Emblems — Cloisonne' enameled 
pins, your design, low minimum, excellent quality, free booklet. 
A T, Patch Co., Dept. 65, Littleton. NH 03561 (603) 444-3423. 

SYNCHROS, all types, quality Navy salvage, gears, bearings, 
excellent for beam position indication. SASE to Ted Stewart, 
2157 Braemar Road. Oakland, CA 94602 

WANTED: National NC-101X, Will buy for cash or trade nice 
HRO Sr For sale 75A4 Ser. No 1479 $225. Prefer pick-up 
Horace Goss, W2AB, Crosstrees Hill, Essex, CT 06426. Tel 
203-767-8485. 

WANTED: Mono and early stereo tube HiFi equipment. 
Marantz. Scott, Fisher, Eico, Mcintosh, Dynaco, etc. Working 
or nol, complete or parts. Jack Smith, 59 Mill Pond, N. 
Andover. MA 01845. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. 
SASE brings information. 

CHASSIS and cabinet kits. SASE K3IWK. 

IMRA, International Mission Radio Association, helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmoni. NY 10538. 

ELECTRON TUBES: Receiving, transmitting, microwave . . . 
all types available. Large stock. Next day delivery, most cases. 
Daily Electronics, PO Box 5029. Compton. CA 09224 (213) 
774-1255 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY, Cardiff. CA 92007 

RETAIL STORE being liquidated by mail auction. Parts, tools, 
test equipment, home supplies. SASE to ESI. Box 328, Mesa, 
AZ 85201 

Coming Events 
ACTIVITIES 
"Places to go..." 

ILLINOIS: The DuPage Amateur Radio Club Hamfesl/ 
Computerfest, Sunday, July 14, Downers Grove American 
Legion Post 80. Gates open 8 AM. Tickets $3.00 available al 
the gate only. Large outdoor flea market and swappers row. 
Inside exhibits available. VEC exams. Plenty ol parking. Food 
and drink available. Talk in on 146.52 simplex. For informa-
{ion SASE to W9DUP, PO Box 71, Clarendon Hills, IL 60514 
or call (312) 971-3294 8 AM to 9 PM. 

PENNSYLVANIA: Harrisburg Annual Firecracker Hamfest, 
Thursday, July 4. Sponsored by the Harrisburg RAC, Bressler 
Fire Co picnic grounds, Exit 1 of I 283. Nearby motels and 
restaurants. Plenty of parking. Shaded paviliion with tables. 
Free tailgating. Admission $3.00 XYL and kids free. A test 
session for hams wishing to upgrade wiil be held nearby. Send 
check for $4.00 payable to ARRl-VEC with FCC form 610. 
Some limited walk-ins. For more details and table reservations: 
Dave, KC3MG, 131 Livingston Si, Swatara. PA 17113 or (717) 
939-4957. 

available. Advance table rentals $5.00 to dealers only. Satur-
day setup until 6 PM. K8TIH talk in on 147.18 repeater and 
52. For more information or dealer rentals SASE to Wood 

County ARC, c/o Craig Henderson, N8DJB, 7368 Scotch 
Ridge Rd., Pemberville, OH 43450. 

MJCHJGAN.- The " 8 5 " U.P. Hamfesl. July 27 and 28, St. 
Francis de Sates School, Manistique. Friday evening Fish Fry, 
set and eyeball for early arrivals. Saturday 6 AM to 5 PM. Ban-
quet 6:30 PM. Sunday 8 AM to 2 PM. Registration $3.50. 
Free baby sitting. Table space $3.00 per 4' table For 
more information: Debbie Barton, WD8IBT, 509 Range St., 
Manistique, Ml 49854. (906) 341-5694 after 3 PM 

PENNSYLVANIA: The MURGAS ARC (K3YTL) will sponsor 
the annual Wilkes-Bane Hamfest, Sunday, July 7, rain or 
shine, FA Armory, Market Street, Kingston (across the 
river from Wilkes-Barre). Set up 6 AM. General admission 8 
AM. Registration $3 00. Women and children under 16 free 
Tailgating $2.00 per space. Tables and commercial power 
available. Talk in on 146.01/ 61 and 52 simplex. For further 
information write: Hamfest Committee, PO Box 1094, Wilkes-
Barre, PA 18703 or call (717) 388-6863. 

BRITISH COLUMBIA: The 33rd annual Pacific Northwest DX 
Convention, sponsored by the British Columbia DX Club. 
Saturday and Sunday, July 27 and 28, Richmond Inn, 
Richmond, British Columbia. DXers from all over the world 
will be here to visit, learn and swap stories about our favorite 
hobby. Send club rosters or labels for mailing to individual 
club members for further details about the convention. The 
labels will be used only for this purpose. See you in British 
Columbia! Ken Thompson, VE7BXG, Chairman, 12467- 53rd 
Avenue, Surrey, BC V3W 1A4 or Andy Ponzini, VE7AHA, 
Publicity, 4551 Arthur Drive. Delta, BC V4K 2X4 

INDIANA: State ARRL Convention and Indianapolis Hamfest, 
Saturday and Sunday, July 13 and 14. Marion County Fair-
grounds, I 74 and I 465. Flea Market, commercial vendors, 
free camper facilities and hookup available on grounds. Motels 
nearby. Gates open 6 AM Tech forums, ARRL convention 
and banquet. Food service on grounds. Gate ticket $5.00 gets 
free parking and more. For further information: Indianapolis 
Hamfest, PO Box 11776, Indianapolis, IN 46201. 

1985 BLOSSOMLAND BLAST, Sunday, October 6, 1985 
Write "BLAST" , PO Box 175, Si. Joseph, Ml 49085. 

MAINE: The Y l international Sideband System's annual Con-
vention, June 27-30, Sugarloaf/USA, Kingfield. Accommoda-
tions are available for reasonable rates. RV parking. Besides 
the regular meetings, DX forum, etc there are planned tours 
of Rangeley Lake area and Sugerloaf/USA For complete 
details and registration packet send business SASE. 37$ to: 
Phyllis Davis, KA1JC, PO Box 805, Presque Isle, ME 04769. 

NEW YORK: The Mt. Beacon Amateur Radio Club's Hamfest, 
Saiurday, July 13, Arlington Senior High School, Pough-
keepsie/Lagrange. Note date change. Doors open 8 AM 
Tickets $2.00. XYL and children free. Tailgating space $3.00 
(1 free admission). Table $4.00 (1 free table and admission). 
Auction 2 PM. Talk in on 146.37/97 and 146.52. For informa-
tion: Julius Jones. W2IHY. RR2, Vanessa Ln, Staatsburg, NY 
12580 or call (914) 889-4933. 

INDIANA: The combined LaPorte-Michigan City Amateur 
Radio Clubs will sponsor Summer Hamfest, Sunday, July 14. 
al the LaPorte County Fairgrounds. State Road 2, West of 
LaPorte. 8 AM to 2 PM. Donation $3.00 at the gate Paved 
parking. Indoor tables by reservation 40C/ft to Box 30, LaPorte, 
IN 46350. 

WISCONSIN: The Aug Claire Amateur Radio Club will hold 
its annual Hamfest, Saturday. July 13, 4-H Buildings, Eau 
Claire. 8 AM to 4 PM. Free tables and coffee. Tickets $2.00 
in advance, $3.00 at door. Talk in on 31/91 and 52 simplex. 
For info, tickets, SASE to Gene Lieberg, KA9DWH, 2840 
Saturn Avenue, Eau Claire, WI 54703. 

OHIO: The Lancaster and Fairfield County Amateur Radio 
Club's annual Hamfest, Sunday, July 14, Fairfield County 
Fairgrounds 8 AM to 4 PM. In memory of WB8VOA. Ad-
mission $3.00 advance. $4.00 at door. Tables $4.00 advance, 
$5.00 al door. Table space $3.00 advance, $4.00/door Talk 
in on 147.03/63 or 146.52 simplex. Refreshments available. 
Plenty of parking. For more information write Lancaster ARC, 
Box #3, Lancaster, Ohio 43130. 

OHIO: The 21st annual Wood County Ham-A-Rama, Sunday, 
July 14. Wood County Fairgrounds, Bowling Green. Gates 
open 8 AM. Free admission and parking. Trunk sales. Food 

OHIO: The 11th annual Hall of Fame Hamfest presented 
by W8ZX, Tusco ARC and W8AL, Canton ARC, July 14, 
Nimishillen Grange, 6461 Easton Street in Louisville Registra-
tion $2.50/adv, $3.00/door Mobile check in 146.52/52 and 
147.71/12 call W8ZX. Large flea market, dealers, forums and 
more. Flea market parking $2.00 per vehicle. Deadline for 
table reservations is July 1 For more information or reserva-
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(ions: WA8SHP, Butch LebokJ, 10877 Hazelview Ave., 
Alliance, Ohio 44601. (216) 821-6794. 

WISCONSIN: The Oshkosh Amateur Radio Club in conjunc-
tion with the S O L A R Assn. will host EAA hams for the 198S 
convention, July 26 - August 2. Stop and rest, charge your 
batteries, leave messages, etc at the EAA Ham Shack located 
at the north end of the commercial exhibit area. Look for ihe 
red and white ARRL ffag. On Saturday, July 27 at 3 PM, there 
will be a gathering for all EAA hams hosted by the Oshkosh 
ARC. We'll be serving bratwurst, burgers and refreshments 
free of charge. Bring your wives and kids. You're in for a treat! 
For further info: Forest Scbafer, WD9IWL, 417 Willow St., 
Omro, Wl 54963 

KENTUCKY: The Northern Kentucky Amateur Radio Club's 
•'Hamorama '85", June 15 and 16, Best Western Vegas Con-
vention Center. Ertanger. All indoors, air-conditioned and free 
parking. Vendor set up Friday evening, June 14 after 8 PM 
Flea market set up after 6 AM both Saturday and Sunday 
General admission 8 AM. Admission for both days $5.00 per 
person Entire family for $8 00. Children under 16 tree Flea 
market tables $5.00 each tor entire weekend Talk in on 
14786/.26 or 147.975/375. For informal ion: John A. Themes. 
WMAT, VP, NKART. 60 Locust Avenue. Covington. KY 41017. 
(513) 397-7425 days or (606) 331-0331 evenings, 

MONTANA: The LYARS of Eastern Montana will hold the 
annual Fathers Day Picnic, June 16. National Guard Armory 
at the Glendive Fairgrounds Registration at 8 AM. Polluck 
at 1 PM. Licensing exams are tentative pending interest 
Camping hookups available For information contact Dave 
Bruem. KC7AA, 215 Third St. H.P . Glendive. MT 59330 

WASHINGTON: The Apple City Amateur Radio Club's 
Hamfest. June 8 and 9, Rocky Reach Dam. 7 miles north of 
Wenatchee. Registration Amateurs $5.00; others $1 00; under 
12 free. Banquet dinner $7.00 per person by June 3. Talk in 
146.07/67 or 146.49 simplex. For motel/dinner reservations 
contact any Wenatchee ham 

NEW JERSEY: The Raritan Valley Radio Club will hold its 14m 
annual Hamfest, Saturday. June 15, Columbia Park, Dunellen 
Gates open 8:30 AM. Sellers spots $5.00 each, no tables 
supplied. Lookers $2 00 donation. Refreshment stand. Talk 
in on club repeater, W2QW/R 146.025/.625 and 146.52 
simplex. Advance tickets may be purchased from any club 
member. For further information call Jack, W2IWK at (201) 
756-2546 or Ted, W82TKU (20!) 725-348 J between 10 AM 
and 10 PM. 

CALIFORNIA: The Satellite Amateur Radio Club wilt have its 
annual Swapfest and Barbeque, Union Oil Picnic Grounds, 
south of Santa Maria, on Father's Day, June 16. General ad-
mission 9 AM and the Barbeque will be served at 1 PM. Dinner 
and tickets adults $7 95, children 6-12 $3 50 Children under 
6 free. Swap spaces $3.50 each. For information, tickets or 
reserved tables write: Satellite ARC Swapfest. PO Box 1753, 
Santa Maria, CA 93456. 

NEW HAMPSHIRE; Fly in to New Hampshire's 2nd largest 
Amateur Radio/electronic flea market at Manchester Municipal 
Airport. Saturday, June 29. Starts 9 AM. Sponsored by the 
New Hampshire FM Association. Rain date Sunday, June 30 
General admission $1.00 per person. Sellers $5.00 bring own 
table or tailgate. Commercial displays welcome. Refreshments 
available. Talk in on 146.52 FM For further information Doug 
Aiken, K1WPM (603) 622-0831 or Peat Henriksen, WA1RCF. 
123 Woodlawn Circle, Portsmouth. NH 03801 (603) 431 -5432 

WYOMING: The Great Plains Repeater Association and the 
High Plains Amateur Radio Club are jointly sponsoring the 
1985 Wyoming Hamfest, July 12, 13, and J 4, Wyoming State 
Fairgrounds in Douglas. Distributor displays, indoor flea 
market, tables available License exams, seminars, auction, 
banquet, breakfast and more Ample RV parking w/out 
hookups Plenty of motels. For information and money saving 
advance registration SASE to Doug OesEnfants, WA7WXO, 
North Star Route, Torrington. WY 82240 

OREGON: The Northwest Division of the Mercury Amateur 
Radio Association will host the first annual MARA convention 
at Camp Ester Applegate, near Klamath Falls, June 20, 21 
and 22. MARA will operate special event station W7UFM in 
con/unction with this event from 20002, June 20 to 2400Z June 
22. For a special commemorative QST send large SASE to 
MARA, c/o Jack Jakoubek, KD7EZ, 477 Deep Creek Road, 
Chelhalis, WA 98532. 

OHIO: The Magic Valley Chapter of the Idaho Socity of Radio 
Amateurs will host a Swapmeet on Saturday, June 15 from 
9 AM to 5 PM at the Moose Lodge, 635 Falls Avenue, Twin 
Falls. Free admission. Swap tables $2.00. All indoors. FCC 
exams and ARRL reps. Talk in on 16/76. For further info write 
to PO Box 294, Twin Falls, ID 83303 

VIRGINIA: The Old Virginia Mams ARC announces its 11th 
annual Manassas Hamfest, June 2, Prince William County 
Fairgrounds, off Rt 234 1/2 mile south of Manassas. Gates 
open 8 AM. Tailgate setup 7 AM Admission $4, under 12 free. 
Tailgaters $3.00 per space extra. YL program CW proficiency 
awards. For information: Art Whittum. W1CRO, c/o Ole 
Virginia Hams ARC, PO Box 1255. Manassas, VA 22110. Tel 
(703) 361-4819. 

MASSACHUSETTS: The ARRL Heavy Hitters Hamfest, July 
20 and 21. Topstield Fairgrounds, US Roule 1, Topsfield. In-
door/outdoor flea market, tood concessions, commercial ex-
hibitors. ARRL forum, AMSATshow, CW and QSL contests, 
(emitter and revet hunts. ATV demo, packet radio and musical 
coffeehouse (BYO instruments) Activities lor non hams 
License exams, send completed Form 610. photocopy of cur-
rent license and check for $4 00 payable to ARRUVEC to 
Topsfield Exams, c/o PO Box 71. Hanover. MA 02339 by June 
20. Enclose SASE Sorry no Novice exams. Free Saturday 
nite camping for tents and self-contained RV's Nearby motels 
Advance tickets $3.00 $4.00/door. Non-ham spouses and 
children free Send check and SASE to Heavy Hitters Hamfest, 
PO Box 411, Waltham, MA 02254. For more information con-
tact RussCorkum, WAiTTV. 21 Thorndike Street, Arlington, 
MA 02174. Proceeds to benefit open Waltham repeaters, 
Handi-Hams and Ihe Jimmy Fund Talk in on 146 64 and 
147 285. 

THE CENTRAL OKLAHOMA COLOR OWNERS, a 278 
member Radio Shack Color Computer users group, meets the 
second Saturday of each month at 9 AM at 10th Street and 
Hudson in Oklahoma City The Club operates' COCONET", 
an open forum bulletin board system which can be reached 
at (405) 376-1494 24 hours a day, 7 days a week The system 
contains COCO and FLEX operating system programs for 
download with no user connect fees 

WEST VIRGINIA: Wheeling Hamfest and Computer Fair. 
Wheeling Park. Sunday. July 21 Dealers welcome. Flea 
market, ARRL, AMSAT, SWOT, SMIRK booths. Family ac-
tivities available at Park. Admission $3 00. To reserve space 
contact Jay Paulovicks, KD8GL, RD 3, Box 238. Wheeling, 
WV 26003 (304) 232-6796 or TSRAC Box 240, RD 1, Adena. 
OH 43901 (614) 546-3930. 

ILLINOIS: The Egyptian Radio Club's annual Hamfest, Sun-
day, June 9. 8 AM to 3 PM at ERC clubhouse and grounds 
Free flea market space, approx 10', available on first come, 
first served basis Addtlional spaces $5 00. Tickets $1.00 ad-
vance, $2.00/dOor or 3/$5. Talk in on 146 16/76 or 146/52 
simplex. For information SASE to Egyptian Radio Club, PO 
Box 562, Granite City, IL 62040. 

CQ CONTEST: VHF'ers please note' The first annual CO 
World Wide VHF WPX Contest is July 20-22, 50 thru 1296 
MHZ. For details, logsheets, etc., write to SCORE, PO Box 
1161. Denville, NJ 07834 or to CQ Magazine. We need your 
entry to make this a success 

OPERATING EVENTS 
"Things to do..." 

Colorado Six Mater Invitational Net Contest 0000Z July 4 
through 0300Z July 5. Exhange signal report, state, name and 
SIN number Send SASE and log extracts for awards to 
W8ETT, PO Box 6602, Denver, CO 80206 within 30 days ol 
contest 

The Cape Fear Amateur Radio Society, of Fayetteville, NC 
will operate WA4YZF from 8-5 PM EDST around 7.235 MHz 
on Saturday. June 15 from the 17lh annual National Hollerin' 
Contest in Spivey's Corner, NC Certificate available upon 
receipt of your QSL along with $1.00 to help cover printing 
and postage Send to Hollerin', WA4LZD, PO Box 332, Dunn, 
NC 28334 Allow 4 weeks for delivery 

The Tusco Amateur Radio Club. W8ZX. will operate from 
Fort Laurens Ohio State Memorial in conjunction with the 
Brigade of the American Revolution's re-enaclnnent of 18th 
century military encampment 1400Z June 29 through 2200Z 
June 30. Special commemorative confirmation will be issued 
Send legal SASE (3 IRC's lor DX) and OSO info to William 
K. MacNealy, WD8LFM, BB» 1 DRH, Bolivar, OH 44612. 

WEST COAST 160 Bulletin Summer SSB Contest. SSB July 
1310 July 14. Time 0000 GMT 7/13/85 lo 2359 GMT 7/14/86 
Single operator only. Exchange HST, QTH Class: subscribers, 
non subscrfcers. Log info: dale, lime, rst, OTH Send logs lo: 
R. Koziomkowski, 5 Watson Drive, Portsmouth, Rl 02871 prior 
lo August 31, 1985 

High Plains ARC will operate K7YPT at Historic Fon Laramie 
from 0000Z July 4 until 0000Z July 5 Phone - 3.850, 7.250, 

14.250, 21.360, 28.550. CW - 50 kHz up from lower band 
edge. QSL for business SASE to; K7YPT. PO Box T, 
Torrington, WY 82240 

The Nazarene Amateur Radio Fellowship (NARF) will 
operate WA0HPW/6 to commemorate NARF's 25th anni-
versary during the General Assembly of Ihe Church of the 
Nazarene in Anaheim, CA from June 22 lo June 29. Frequen-
cies will be 14.280, 14.305 and 21385 during daylite hours 
There will be some 40 m activity. For a special QSL card, send 
SASE to WB6UCO, Robert Buck, 5162 W. Ave. L 12, Quartz 
Hill, CA 93534. 

Colombian Independence Contest 1985, Saturday. July 13, 
0000 GMT to Sunday, July, 14 2359 GMT. CW and phone, 
1.8 thru 28. Exhange Signal report + serial number Logs 
should be mailed no later than August 30, 1985 lo L.C.R.A., 
c/o Direccion de Concursos y Diplomas, Apartado Aereo 584, 
Bogota, Colombia. Sur America. 

The Hannibal Amateur Radio Club will again be celebrating 
National Tom Sawyer Days, in honor ot Mark Twain's boyhood 
home town Hannibal, MO. Saturday. July 6 and Sunday. July 
7 1500-2100 UTC both days. Listen lor W8KEM. For a cer-
tificate send large SASE and your QSL card confirming con-
tact 10 Hannibal ARC, 2108 Orchard Avenue, Hannibal, MO 
63401 

SAY YOU SAW IT 
IN 

HAM RADIO 

MOVING? 
KEEP HAM RADIO COMING... 
If possible let us know lour to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 
Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care of the rest. 

Allow 4-6 weeks for 
correction. 

ham md/o 
Magazine 

Greenville, NH 03048 

Thanks for helping us to serve you better. 
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products 

IC- 3200A dual bander 
ICOM has announced the IC-3200A 25-watt 

compact full-featured Dual Bander. With only 
14 front panel controls, the IC-3200A is simple 
to use, yet offers these standard features: fre-
quency coverage from 140.000 to 150.000 MHz 
on 2 meters and from 440.000 to 450.000 MHz 
on 70 cm; 5 kHz fully programmable offsets for 
MARS and CAP repeater operation; and 25 
watts output on both bands. Its size is 5-1/2 x 
2 x 8-1/2 inches. The unit also includes memory 
lockout and scanning capability. The price is 
$549. 

For further information, contact ICOM 
America, Inc., 2380 116th Avenue, N.E., Belle-
vue, Washington 98004. 

Circle /301 on Reader Service Card. 

new Heathkit catalog 
Over 400 electronic products in kit form, in-

cluding the new HERO"'JR. home robot, are 
featured in the latest Heathkit catalog. 

HERO JR., the home and personal robot, is 
fully preprogrammed with speech output, light 
and sound sensors, and ultrasonic sonar, drive 
and steering motors, and an on-board computer 
system. He sings songs, plays games, recites 
nursery rhymes and can act as a security device 
and wake-up alarm. 

The new GT-2218 HOTSHOT dialer is a uni 
que one-number telephone dialer that quickly 
dials any telephone number up to 31 digits. It 
permits the use of alternate long distance ser-
vice without the use of lengthy 13-digit phone 
and billing numbers and also allows an emer-
gency number to be dialed by simply picking up 
the phone. The HOTSHOT features an easy-to-
program memory that doesn't require battery 
backup since it is manually programmed. 

Two new courses have also been added to the 
educational product line up: the EC-2001 Com-
puter Fundamentals Course and the EE-1003 
Analog Circuit Design Course. 

For a free copy of the new Heathkit catalog, 
contact Heath Company, Dept. 150-510, Benton 
Harbor, Michigan 49022. (In Canada, contact 
Heath Company, 1020 Islington Avenue, Dept. 
3100, Toronto, Ontario M8Z 5Z3.) 

Circle #302 on Reader Service Card. 

computer interface 
communications terminal 

Amateur-Wholesale Electronics has 
announced its new (/• 777 computer-interface 
terminal, featuring RTTY, bit inversion, AMTOR 
modes ARQ, FEC and SEL-FEC, ASCII and CW, 
any speed, any shift (ASCII and BAUDOT). 

The ff-777 is a self-contained unit, with soft-
ware. that allows reception and transmission 
with any computer or terminal that has RS232 
or TTL I/O. The 0-777 automatically decodes 
signals and displays mode, speed, and polarity 
on tha CRT. Operation is simplified by the use 
of 28 Bar-LEDs and LEDs including a bar-graph 
tuning indicator that allows precise centering of 
received signals. 

In BAUDOT and ASCII modes, communica-
tions speed can be set from 12 to 200 baud using 
the modem, or 12 to 600 baud using TTL level. 
RS232 or TTL level data connection is 100-2400 
baud I ASCI I) or 45.5-200 baud (BAUDOT). 
Morse speed can be varied from 5 to 100 WPM 
in 1-WPM increments and is fully autotrack on 
receive. 

The 0-777, which measures 2-1/2 x 9 x 10 
inches, operates from a power supply of 11 to 
14 volts DC. 

For more information, contact Amateur Whole-
sale Electronics, Inc.. 8817 S.W. 129 Terrace. 
Miami, Florida 33176. , 

Circle /303 on Reader Service Card. 

digital FSK data modules 
With packet radio and olher forms of digital 

data communications becoming so popular, 
Hamtronics, Inc. has announced two new mod-
ules to its line of VHF arid UHF FM transmitters, 
receivers, and accessories. The new modules 
provide for data interface with radio equipment 
using the popular "202" modem format (1200/ 
2200 Hz tones) at data rates up to 1200 baud on 

ordinary NBFM channels. In addition to modulat-
ing and demodulating the data pulses, these 
modules provide transmitter keying and full 
handshake facilities. 

The M0-202 FSK Data Modulator is a PC 
board module measuring only 1-7/8 x 4 inches. 
It automatically keys the transmitter in response 
to a "request to send" input from the computer, 
and it provides a "clear to send" handshake 25 
milliseconds later, after the transmitter and 
receiver have had time to respond. Relative levels 
of the 1200 and 2200 Hz space and mark tones 
are equalized to compensate for the EIA pre-
emphasis in the transmitter for maximum signal 
range. The M0-202 is only $45 in kit form, and 
is easy to assemble and interface with 
Hamtronics" and other FM transmitters or 
transceivers. 

The DE-202 FSK Data Demodulator is a PC 
board module measuring only 1-1/2 x 4 inches. 
It can be used with any FM receiver or trans-
ceiver to detect FSK transmissions and automati-
cally provide a "receiver carrier detect" hand-
shake to the computer when mark or space 
tones are present. A special frequency compen-
sation circuit levels the two tones coming from 
the receiver to allow for maximum weak signal 
response. The DE-202 kit is only $38. 

For further information, contact Hamtronics, 
Inc., 65-F Moul Road, Hilton, New York 
14468-9535. 

Circle /116 on Reader Service Card. 

frequency list 
Dennis Peterson, N7CKD, Publisher ol West 

Coast 160 OX Bulletin has just released the 1985 
edition of the World Top Band Frequency Alloca-
tions Listing. This comprehensive list includes 
both CW and SSB frequency allocations lor 240 
of the 315 current DXCC countries, listed in the 
DXCC format. The list can also be used as a 160-
meter DXCC check sheet. U.S. price is $5.50 (via 
first-class maill and $7.50 overseas (airmail). 

For more information, contact Dennis 
Peterson, N7CKD, 4248 A Street, Space 609, 
Auburn, Washington 98002. 

Circle 1304 on Reader Service Card. 

station manager 
Station Manager/Advanced is a software 

system that utilizes micro computer technology 
to fulfill the information processing needs of an 
Amateur Radio station. Centered around the tra-
ditional station log, Station Manager/Advanced 
enables the Radio Amateur to handle the routine 
requirements of keeping accurate station activity 
records with maximum efficiency as well as in-
stantly extracting information from the station's 
logs that would not be readily available using 
conventional manual methods. It also provides 
the user with the capability to easily manage 
several concurrent logs and a conjorehensive 
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method for logging contacts and maintaining log 
entries. 

Station M a n a g e r / A d v a n c e d is designed to run 
o n an I B M PC Jr . , PC, or X T . M e n u driven a n d 
complete ly interactive, it p rompts the user for 
all required input. Messages are displayed to indi-
cate significant processing events and error con-
ditions. Log entries are entered via the system 
keyboard through a prompt -dr iven input pro-
gram. O n c e entered, log entries m a y be edi ted 
or deleted as required. T h e user m a y query the 
log entries in one of several w a y s . The results 
are displayed o n the system console screen. A 
separate facility al lows the user to print a vari-
e ty of reports on the system printer. A n addi 
tional feature is a special interactive update pro-
grarruto support Q S L activities. 

Sta t ion M a n a g e r / A d v a n c e d is the core of a 
p lanned series oi sof tware systems to enhance 
the enjoyment of your Amateur activities; to 
harness the power of the computer and bring 
your stat ion records into the information age. 

For m o r e information, contact O m e g a Con-
cepts, Inc. , P. 0 . B o * 615, T roy , Ohio 45363 . 

Circle £305 on Reader Service Card. 

n e w h a n d h e l d s 
T w o n e w radios are available f rom S A N T E C : 

the S T - 2 0 0 E T (2 meters) a n d the ST -400ET (70 
cm) . Bo th are easy to use, t h u m b w h e e l fre-
quency swi tched units designed to be compati -
ble w i t h accessories for handholds you m a y 
already o w n . Both are backed by a comprehen-
sive two-year extended service plan f rom 
E N C O M M . 

T h e ST -200ET is priced at $199 .95 and the 
S T - 4 0 0 E T at $249.95 . 

For more information, contact E N C O M M , 
2 0 0 0 A v e n u e G, Suite 800 , Piano, Texas 75074 . 

Circle 1306 on Reader Service Card. 

b e n c h - s t y l e D M M 
North Amer ican S O A R Corp. has announced 

its M o d e l 5430 4-1 /2-digi t mult i - function bench-
style D M M . Microprocessor control led using 

S O A R Corporat ion's C u s t o m LSI Chip Set , the 
5430 is a 25 ,000 -count D M M that enables users 
to obtain greater resolution than possible w i t h 
ordinary 2 0 , 0 0 0 count units presently available. 

Priced at S599, Model 5430 offers features pre-
viously unavailable in any other 4 -1 /2 -d ig i t 
D M M . It can measure D C voltage ± 0 .03 per-
cent . true R M S A C voltage and current to 8 0 
kHz , DC current and resistance f rom 0 .01 o h m s 
through 2 5 m e g o h m s . T h e 5430 is a dual- input 
frequency counter w i th resolution to 0 .001 Hz . 
D C coupled to 10 M H z , it features period func-
tion as well . T h e input f requency can be at ten-
uated from 1:1 to 1:1000. Temperature measure-
ments can be m a d e using a " K " type thermo-
couple ranging f rom 200 degrees C to 1200 
degrees C w i t h degrees F selectable. Decihel 
measurements from 4- 60 dBrn to GO d B m with 
frequencies up to 8 0 k H z . 

Special features include diode test, continuity 
beeper , data hold, peak hold wi th a D C acquisi-
t ion time of 5 mill iseconds and A C of 2 5 0 milli-
seconds; relative test, 3 - 1 / 2 digit select for fast 
survey measurements, a n d a comparator circuit 
for making Go, N O - G o tests, w i t h comparator 
data output via a rear panel connector . All func-
tions and ranges are touch-key selectable. 

For further in fo rmat ion , con tac t N o r t h 
Amer ican S O A R Corp. . 1126 Cornell A v e n u e . 
Cherry Hill. N e w Jersey 08002. 
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M0SLEY...A Better Antenna... 
For New and Old 

•EASY ASSEMBLY "2 YEAR WARRANTY 
•NO MEASURING 'LOW SWR 
'ALL STAINLESS HARDWARE "BUILT TO LAST 

complale the Honor Roll, Mosley oilers a Full 
Line of Tri-Banders wliich will mechanically and 
electronically outperform the competition. For 
tha new ham with limited space and pocket 
book, start with our TA-31 Jr. rolatable dipole. 
You can make our TA-31 Jr. Into a Z or 3,elemenl 
as your needs increase. 
II you start with Ihe need to run higher power, 
then the TA-31 Is tor you, This also can be made 
Into a 2 or 3 element beam as you expand your 
stalion 

For the ham that wants a little more perlormance 
out ol a Tfl-Bander but is limited in room, then 
our CL-33 on a 18 foal boom Is the way to go. 
For those lhat want MONO BAND performance 
out ol a Tri-Bander, want to hear better, and be 
louder, the CL-36-is (or you. 

solar p a n e l s 
T h e E N C O N Corporat ion has a n n o u n c e d the 

release of three n e w photovoltaic panels: the 
S X - 3 8 , S X - 4 2 , a n d the SX-146 dual voltage-
semicrystalline P V modules. 

T h e solar cells are manufac tured f rom semi-
crystalline silicon, a material deve loped by 
Solarex specifically for use in photovol ta ic 
devices. Cells m a d e f rom this material are highly 
efficient, stable, attractive, and inherently resis-
tant to the " h o t - s p o t " d a m a g e that can affect 
single-crystal cell under reverse-bias condit ions. 

Cell strings are laminated b e t w e e n sheets of 
ethylene vinyl aceta te (EVA) , T e d l a r . " a n d a 
sheet of 1 / 8 - i n c h tempered low-iron glass. This 
glass is self-cleaning in most climates, retains its 
excellent transinissivily indefinitely, a n d is ex-
tremely resistant to mechanical stress, including 
impact of hail up to 3 / 4 - i n c h in d iameter at ter-
minal velocity. Fur thermore , its temperature 
coeff icient of expansion is well m a t c h e d to the 

For the ham that wants to start right at Ihe lop. 
Ihe PRO-37 Is Ihe antenna that will give you king 
ol Ihe hill perlormance. II Is the broadest band-
ed, highest power, best performing Trl-Bander 
In our line. 

Compare ours before buying any other antenna. 
All stainless standard, all heavy telescoping 
aluminum elements which means belter quality 
and no measurement, Ease ol assembly gives 
you a quality antenna with consistent perfor-
mance. Our elements are pre-drillBd so you will 
gel the same performance as we do. All ot our 
Tri-Banders come with a 2 year warranty. 
II you are a new ham and are not familiar wilh 
MOSLEY, ask an older ham about us or call Ihe 
PRESIDENT ot MOSLEY. He will Be glad to ex-
plain Why MOSLEY is A BETTER ANTENNA. 

These and olher MOSLEY products are available 
through your lavorite DEALER. Or write or call 
MOSLEY lor the DEALER nearest you. 

13-14 BAUfl BLVO St LOUIS MISSOURI 6313? 

1-314-994-7872 1-800-325-4016 
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SYNTHESIZED 
SIGNAL GENERATOR 

MODEL 
SG-100F 
$429.95 
delivered 

• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 

•Accuracy + / - 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 6 0 dB below carrier • Out-
put adjustable from 5-500 mV at 50 Ohms 
• Operates on 12 Vdc @ % Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator 
• Call or write for details * Phone in your 
order for fast COD shipment. ^ 189 

VANGUARD LABS 
196-23 Jamaica Ave., Holds, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 

MULTI-BAND 
TRAP ANTENNAS 

Completely assembled & ready to jse - Commercial quality, 
buill lo last Ugtilweighl. sealed, weatherpiool naps 
-Aulomalic band switching Low loss end insulators • Handles 
i s to 2000 waits PEP • For all transmitters, receivers S 
tiansceivers • Tuner usually iievci leiiuired Deluxe center in' 
sulator. with buill in lightning afrestot. accepts PL-259 coax 
connector -May be used as inverted " V " - Excellent tor all 
class amateurs - Instructions included • 10 day money back 
guarantee! 
4-BaniM0.20.t5.10 meters (55') 2 traps » 5 95 PPD 
5Band-flO.40.20,15.10 meters (105) 2 lraps»D52 S59 95PPD 

SHIPPED POSTPAID! READY TO USEI 
90 It. RG-58U. 52 ohm coax cable, wild PL-259 connector on 
each end • Add 512.00 lo above price 

We accept VISA/MC Give Card * . Exp Dale. Signature 

SPI-RO DISTRIBUTORS 1 9 0 

„ Room 103, P.O. Box 153B N S ^ i 
A Hendersonville. NC 28793 [«&. 

MICROCOMPUTER 
REPEATER CONTROL 

$119 

191 

trt<odiJcirK| I ho MICRO REPEATER CONTROLLER RP1-2A, « now concept in LOW COST. EASY TO NTERPACE, micfocomputet rflpoaioi coniiot RopJnco old logic boards with a staio oi mo nn rntcrocomputef lhat nitts NEW FEATURES. HIGH RELIABILITY. LOW POWER. SMALL SIZE. flfKl PULL DOCUMENTATION to your system D'focl inlorlflco (d»op in) with mosf ropeolof* Dolnilixl in iortneo inlfvmntion included Original MICRO REPEATER CONTROL artwlo Ivalutod m 09* Doc 1093 
• Iw CW ID Mo-.vtyr. * t irrve Osil lut.m ' P»»> TihmxhiI W.H»»IHJ MWi » PiiM IkthjohI CW MSG 
• Qxiitcsy Bo»!|> 

> H.« 

• I ow Poww 0 l !i VDC 'U |< 
• S-.ui 1 ft" » 3 V • AH Cunfw.i„.tuis lii.Jii ;i«i 

RPT-2A Kit Only S119 plus $3 00 stopping 
PROCESSOR CONCEPTS ^ 
P.O. BOX 185 
F O R T A T K I N S O N . Wt 53538 . 
(4J4) 563-4962 7 p m - t 0 p m ovan ings ^ ^ 

L CALL OR WRITC TOR FHFf CATALOG AND SWCJHCA! IONS. 

JVEIV 
ARRL 

TECH-GENERAL 
LICENSE MANUAL 

W r i t t e n in an easy to read and 
unders tand sty le , this is the guide 
you need for your T e c h / G e n e r a l 
s tudy ing . FCC quest ions wi th c o m -
plete a n s w e r s © 1 9 8 5 . 1st edi t ion. 
•AR-TG Softbound $5.00 

Please add $2.50 lor shipping and handling 

ham.-radio BOOKSTORE 
Greenville, NH 03048 

Keep those valuable 
issues ol Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind 'em 
together and enjoy 
for years to come. 
You'll be happy you 
did! 

HAM RADIO BINDERS 
Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col-
lection of Ham Radio. Year 
stickers included. 
IJHR-BDL $6.95 ea. 

3 for $17.95 
Please add 52.50 lor shipping 

and handiing. U.S. only. 

HAM RADIO'S BOOKSTORE 
G R E E N V I L L E , N H 0 3 0 4 8 

INEWI 
p r o d u c t s 

cells; this matching and the stress-relieved elec-
trical cell connections ensures excellent service 
even in climates with severe daily temperature 
ranges. 

The module is framed with corrosion-resistant 
extruded aluminum sections with an architectural 
grade anodized finish. This strong, attractive 
framing and laminating is moisture resistant and 
accepts compatible mounting hardware. 

The typical peaks power outputs for the new 
SX series modules are as fallows: 

SX-38 40 watts, 16.2 VDC at 2.5 amperes 
SX-42 43 watts, 16.5 VDC at 2.6 amperes 
SX-146 47 watts, 18 VDC at 2.6 amperes 

Panels can be wired for 6 VDC with a doubling 
of current output. 

ENCON photovoltaic systems can be used for 
large or small Amateur Radio projects, repeater 
stations, computer back up supplies. TVRO, 
cellular radio, as well as residential and commer-
cial applications. 

For more information, contact Paul Denapoli, 
WD8AHO. at ENCON Photovoltaics, 27600 
Schoolcraft, Livonia, Michigan 48150. 

Circle /309 on Reader Service Card. 

block downconversion 
accessories 

LUXOR North America Corp. has introduced 
four new block doVvnconversion accessories for 
use with its Mark 2 Block Satellite Receiver. The 
four DC-passing accessories include a V/H (ver-
tical/horizontal) switch, power divider, line 
amplifier, and 10-dB signal attenuator. 

Early STV systems used downconverters, 
mounted at the antenna, that sent to the receiver 
only a single channel from the satellite at which 
the antenna was aimed. LUXOR'S new "block" 
system permits all channels (transponder signals) 
on a selected satellite to be cabled into the home 
at once. This allows simultaneous use of multi-
ple block receivers tuned to different channels. 
Thus, using a shared antenna, an unlimited 
number of Mark 2 Block Receivers supporting 
TV sots in four different locations can be in-
dividually tuned to any channel available on a 
given satellite. 

To split the incoming satellite signal between 
up to four receivers, each port of LUXOR'S 
Model 9758 4-way DC-Passing Power Divider 
passes direct cutrent from the receiver to the 
LNB at the antenna, allowing full flexibility in 
switching receivers on and off. By cascading 
several Model 9758 splitters, an unlimited 
number of receivers can be hooked up to the 
same antenna. 



The Model 9759 DC-Passing Line Amplifier 
amplifies (he signal 20 dB to increase antenna-
to-receiver cable length or the number of 
receivers served by one satellite antenna. Add-
ing one amplifier allows approximately 200 more 
feet of RG6 cable. 

The Model 9760 DC-Passing 10-dB Signal 
Attenuator is designed to reduce signal level for 
a short run in a system that required higher signal 
levels elsewhere. 

LUXOR'S new block downconversion systems 
can be used in homes with multiple viewers who 
have differing tastes in programming, in multiple-
family dwellings, and in SMATV (Satellite Master 
Antenna Television) applications. 

For more information, contact LUXOR North 
America Corp., 600 108th Avenue. N.E.. Suite 
539. Bellevue. Washington 98004. 

Circle 1310 on Reader Service Card. 

"G. I ." mechanics tool bag 
The legendary "G.I." Mechanics' Tool Bags 

are now available from Jensen Tools in a more 
durable fabric (Cordura" nylon) but with the 
same expandability and appeal as the old canvas 
duck models. The bags retain the traditional 
green color, over-sized metal zippers, and heavy-
duty web straps of the originals. Two large 
pockets on the outside are divided into three 
handy compartments each, and close with indus-
trial strength snaps. Eight interior pouches in the 

"T 
* \ ^ " H - 1 

y 4 i gfpfr 
main compartment serve to organize and protect 
small tools and parts. 

For more information and a free catalog of 
hard-to-find tools, tool kits and cases, contact 
Jensen Tools Inc., 7815 S. 46th Street, Phoenix, 
Arizona 85040. 

Circle 1311 on Reader Service Card. 

Kenwood TR-50 transceiver 
The Kenwood TR-50 is a battery pack 

mobile/portable 1200 MHz FM transceiver that 
covets from 1260 to 1300 MHz with a 1-watt out-
put transmitter. It features repeater offset with 
reverse switch, five memory channels, program-

m WORLD WIDE AMATEUR RAOIO SINCE 1SSO 
Y o u r one s o u r c e f o r a l l R a d i o E q u i p m e n t ! 

For the best buys in town call; 
212-9257000 

Las Precios Mas Bajos en 
Nueva York.. 

KITTY SAYS WEARE NOW OPEN 7 DAYS A WEEK. 
Saturday & Sunday 101o 5 P.M. 

Monday Ffiday 9 to 6:30 PM Thu/s. to S PM 
Come to Bairy s lot the besl buys in town 

ONV Saloty 
balls-in stock 

I Barry's is Busting Out All Over wJlh 
I Summai SavinQs. Izzy, Tonl, Kllly r WB2BAP, Murk K2CON, Jan KB2RV 

• you *t the to.thmotoo CT Mifilfll Air*?• 

Q i l C O M 
IC RNA. 1C 761. ICW5. IC77/VH. 1C 37A 
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brought thousands of D X ' E R S worldwide, timely, 
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mable scanning, memory scan, a priority alert 
function, and RIT. "Odd splits" operation is 
possible using memory channel 5. The multi-
function LCD panel indicates frequency, VFO 
A / B . repeater offset, S/RF/battery condition, 
and other keyboard functions. 

The TR-50 comes complete with a recharge-
able battery set and charger, shoulder strap, 
16-key DTMF hand microphone, and an antenna 
on an adjustable mount. An external powei cable 
is also included for mobile or base station supply 
operation. 

For further information, contact Trio-
Kenwood Communications, 1111 West Walnut 
Street, Compton, California 90220. 

computerized DX EDGE® 
Xantek has announced the availability of the 

DX EDGE"1 for the Commodore 64,M personal 
computer. With the new version, users of the 
Commodore 64"* will be able to see on-screen 
display of optimum QSO and reception pos-
sibilities, the Gray Line, sunrise and sunset times, 
and areas of the world in daylight and darkness. 
The display is a graphic presentation showing 
a detailed world map, not just a set of numbers. 

The computerized DX EDGE gives all the DX 
advantages of the original plastic version, and 
additional flexibility as well. The DX EDGE finds 
unusual long range propagation paths by show-
ing all the locations in the world where the sun 
is rising and setting at any time of year and time 
of day. (Excellent DX conditions often occur at 
these times.) 

Easy to use, the DX EDGE works for all bands 
from 1.8 to 30 MHz. DX EDGE for the Com-
modore 64 is priced at $34.96. A single disk 
and full instructions are included. 

For additional information, contact Xantek, 
Inc., P.O. Box 834, Madison Square Station. 
Ne.w York, New York 10159. 
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THE GUERRI REPORT 
predicting 
equipment failures 
A s electronic equipment becomes 
more complex, so too do the ways in 
which it can fail. This increased com-
plexity requires greater circuit and 
component density; as more and more 
components have been squeezed into 
smaller spaces, the number of circuit 
interconnects, and hence the number 
of potential failure points, have also 
increased — by a factor of a thousand 
or more in just the past few years. 
Although we are finding ways to 
dramatically reduce component size 
and the amount of power required to 
perform discrete functions, the fact 
remains that every capacitor or resistor 
still has two connections, and each 
transistor, three . . . and so on. 

Because of the small mass of mod-
ern components, shock and vibration 
failures are no longer the problem they 
once were. High circuit density now 
makes heat a major culprit in circuit 
failure. Although a modern component 
may have dimensions of only a few 
thousandths of an inch, and may dis-
sipate only a few milliwatts, these 
characteristics may result in a compo-
nent dissipation of several watts per 
square inch. Unless provision for 
removing the heat is made, compo-
nent or device failure will occur. 

An additional source of potential 
failure is the chemical and metallurgical 
processes used during fabrication. 

Assembling electronic circuits no 
longer consists of simply soldering 
together some tin, lead, and copper; 
a modern integrated circuit may re-
quire the amicable association of 
dozens of materials in a way that pro-
vides the opportunity for hundreds of 
different chemical interactions. The 
opportunity for one or more of these 
materials to contaminate nearby com-
ponents is an important consideration 
in modern circuit failure analysis. 

Because of the complexity of mod-
ern circuits, the possibility exists for 
thousands of combinations of poten-
tial failure mechanisms to occur in a 
single piece of equipment. Computers 
are now used to explore all of the 
possible relationships that could exist, 
and the ways in which they could pro-
mote failure. These techniques [known 
as diagnostic flow routines — Ed.] 
have become very sophisticated, and 
are deemed absolutely essential in 
military and space systems where no 
opportunity for repair may exist, and 
the consequences of failure can range 
from the merely disappointing and ex-
pensive to the catastrophic. The tradi-
tional method of expressing the 
likelihood of failure is called "mean 
time between failure" (MTBF!; high-
quality electronic equipment averages 
an MTBF of about 5000 hours. 

These improvements in studying 
failure mechanisms and taking action 
to anticipate and prevent failure mean 
we can take a new transceiver out of 

the box, plug it in, and expect to use 
it for years without trouble. 

new batteries promise 
more power, longer life 

For most of us, carbon or alkaline 
batteries are the power source for port-
able equipment. "Exotic" means we 
spent some money and bought Nickel-
Cadmium cells. However, in the world 
of battery developers there's some 
very snazzy stuff going on. 

Before we examine some of the 
details, and their implications for 
Amateur Radio, let's recall some of the 
rules regarding the availability of 
energy. In general, the amount of 
energy we can get out of any process 
is a function of how active the mole-
cules, or atoms, of the energy source 
can be made. Since molecular activity 
translates to temperature, there is a 
general relationship between temper-
ature and energy release. All of the 
processes with which we are familiar 
span the range from absolute zero — 
where nothing happens — to fusion 
reactions at a few hundred million 
degrees C, where everything tends to 
come apart. 

These principles apply very much to 
the world of chemical batteries, and in 
the last 15 years or so, they have in-
spired some dramatic developments. 
Three important applications that have 
supported these developments have 
included electric vehicles, space 
systems, and military equipment. Each 
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of these applications requires large 
amounts of power (hundreds of kilo-
watts) to be delivered over sustained 
periods of time — i.e., several days. 
This means that their associated bat-
tery systems must either be very big 
or have high energy densities. Since 
big batteries are not very compatible 
with portable systems, high energy 
densities are required. 

Some of the battery techniques that 
can provide these higher energy densi-
ties include nickel-zinc, zinc-bromine, 
sodium-sulphur, and lithium-metal sul-
phide. Nickel-zinc batteries fundamen-
tally operate at room temperature and 
have been fabricated in forms similar 
to automobile batteries for electric 
vehicle applications. They typically 
have energy densities of four to five 
times that of comparable lead-acid 
devices. At the high end of the temp-
erature scale, lithium-metal sulphide 
batteries operate at several hundred 
degrees centigrade, and can provide 
energy densities ten times that of the 
best lead-acid batteries. Although each 
of these battery types is commercially 
available for use in appropriate high-
priced applications, all have proved too 
expensive for the operation of electric 
vehicles. 

The most sophisticated develop-
ments in battery technology are 
devices using circulating fluids which 
depend on the chemical reaction of 
lithium thionyl chloride. Utilizing this 
technology, batteries that can deliver 
megawatts of power for several days 
have been developed. (As you might 
expect, you don't want to be around 
if you short one of these!) 

On a more practical scale, the next 
few years could bring us rechargeable 
lithium cells that would enable hand-
held transceivers to operate satisfac-
torily for several months on a single 
charge. Bench-top transceivers with 
internal batteries capable of operating 
for several days, or weeks, are on the 
horizon. This would not only be a con-
venience for those who operate port-
able stations, but would also provide 
an important new impetus to the very 
function which justifies Amateur Radio 
— emergency operation. 

ham radio 
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need we be concerned? 
I have a nasty habit. I'm an inveterate reader. You could almost say I'm compulsive about it. I read 
everything that comes across my desk and have a library — both at ham radio and at home — that 
for volume, rivals anything else I own. To me, it's just as enjoyable to read little tidbits here and there 
as it is for other people to have those little in-between-meal snacks. But a strange thing happens 
to you in the process of reading everything you can lay your hands on. You start to see correlations 
between supposedly independent facts or events. 

Before you read the next paragraph, please understand that I've only begun to delve into this issue, 
and that what I'm about to say has potential for causing alarm. At ham radio, we believe that writers 
and editors are ethically obliged to thoroughly research every story before a drop of ink is spread. 
But now — given the seriousness of the news, and the credibility of the sources — I'm going to 
bypass that fundamental principle of responsible journalism and call your attention to a potentially 
widespread and significant hazard. 

A small article that originally appeared in a recent issue of Broadcasting was picked up and retrans-
mitted by the W5YI Report of May 15. What caught my eye was an item about a series of complaints 
filed by residents living near Seattle's Cougar Mountain. Their concern was with "excessive exposure 
to RF non-ionizing radiation resulting from 21 towers housing FM broadcast, microwave, and two-
way communications antennas." 

"So what," you say, "We've all heard, one time or another, about the danger of exposure to fields 
in excess of 10 milliwatts/cmJ." The important point in W5YI's story was that "a growing number 
of scientific studies suggest the possibility of cell damage even without a recognizable rise in body 
temperature." Until now, I was under the impression that for damage to occur, a rise in temperature 
also had to occur. 

Continuing on the same subject, W5YI noted another story that appeared in the April 27th issue 
of Science News, in which a Washington State epidemiologist reported "a provocative study linking 
death from leukemia with employment in professions that suggested possible exposures to high elec-
tric and magnetic fields." According to W5YI, the study of 546 New Zealanders identified as leukemia 
patients found "a significant excess of leukemias among electrical workers and radio/television 
repairers." 

A third story cited, among hams diagnosed as having a particular form of leukemia (myeloid), a higher 
incidence of mortality than found among members of the general public with the same disease. 

There are those who'll say that statistics can be presented to prove any contention, and maybe 
that's so. But I do seem to recall that the Soviets have a much lower acceptable limit for non-ionizing 
radiation: approximately 100 microwatts/cmJ. 

Perhaps this would be a good time to re-examine the amount of radiated power from that unbalanced 
transmission line, single-wire feed antenna, or close-by antenna. Using a backwards argument, maybe 
there's even some good sense in placing your antenna higher, on a taller tower. Doing this certainly 
won't hurt its performance. 

Let me assure you that this isn't just a thinly veiled attempt on my part to influence you all to go 
QRP so my puny signal will be more competitive . . . it's an attempt to call your attention to a serious 
matter that will be discussed more fully as more information becomes available. 

Rich Rosen, K2RR 
Editor-in-Chief 
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de W9JUV 
GREATLY EXPANDED NOVICE PRIVILEGES WERE PROPOSED by ARRL's Executive Committee at its 

May meeting m Rochester. Basically, the committee recommended giving Novices both phone 
and digital privileges on three bands, two of them UHF. Perhaps the most significant 
element of the proposal is the addition of both phone and digital communications privileges 
on 10 meters. There the Novice band would become 28.1-28.5 MHz, with the bottom 200 kHz for 
RTTY, AMTOR, and packet as well as CW and the 28.3-28.5 MHz slot SSB and CW only (to pre-
clude use of converted AM CB radios). Under the present rules Technicians would also gain 
10 meter privileges along with Novices; power for both would remain 200 watts out but that 
limit wouldn't apply to others. One important problem the expansion would cause is with 
the 10-meter beacon band, now 28.2-28.3 MHz; some possible alternatives for beacon operators 
were also discussed. 

On UHF The Committee Recommended Giving Novices Full Privileges on the entire 220 MHz 
band and 1246-1260 MHz. They'd be permitted to use but not put up repeaters. Power output 
for Novices would be limited to 25 watts on the 220-MHz band, and 5 watts on 23 cm. The 
new privileges would require some expansion of the Novice exam questions; already licensed 
Novices would, of course, be grandfathered into the new modes and bands. 

At Presstime This Is Still Only An Executive Committee Proposal for the League Board of 
Directors to review, then adopt or reject. However, the "concept of expanding Novice privi-
leges as a means of making the entry level license more attractive has seen increasing sup-
port inside as well as outside the League for some time. In addition, FCC Special Services 
Chief Ray Kowalski indicated at Dayton that the Commission was also looking with favor 
toward a more attractive Novice license package. 

If The Directors Do Vote In Favor Of Increasing Novice Privileges, look for the ARRL to 
file a Petition for Rule Making to the Commission very soon. Since the future of the 
220 MHz band is still under a cloud, the League's proposal will probably be worded in such 
a way that the FCC can leave that band out of any resulting NPRM if it so chooses. 

ALL VECS ARE INVITED TO GETTYSBURG AUGUST 8, when the FCC will host a familiarization 
meeting for them" Purpose of the all-day session is to permit the VEC representatives and 
the FCC people they work with to meet each other face to face, so both can better appreci-
ate the problems each has with the program and the licensing system. Particular attention 
is planned for paperwork errors; though some VECs are very good, a survey of April applica-
tions showed almost two-thirds of one VEC's submissions had significant errors! Timeliness 
is still another problem that's to be addressed at the meeting, with some VECs chronically 
late in submitting their exam session results. 

THE SPACE SHUTTLE'S PRIME AMATEUR BAND DOWNLINK FREQUENCY will be 145.55 MHz, and at 
presstime launch was still scheduled for July -IS. Amateur operation could occur as early 
as Mission Day Two, though expectations are that little, if any, of W0ORE's or W4NYZ's 
time on the air will be devoted to unscheduled two-way QSOs. They will be doing a good deal 
of work by prearrangement with various schools and clubs, however, and hope to provide live 
or pre-recorded SSTV downlink signals during periods when they can't be on themselves. 

RTTY, FAX, AND SSTV WERE ALL AUTHORIZED ON 160 METERS effective June 17. In its Report 
and Order on PR Docket $4-959, the FCC decided to permit the use of all three modes across 
the entire band, but cautioned that introduction of the new modes does not temper the 
possible reallocation of 1900-2000 kHz to radiolocation in Docket 84-874. 

THE INDUSTRY GROUP THAT'S BEEN WORKING ON AMATEUR RADIO'S FUTURE had its second meeting 
in Dayton, the Thursday nipit before the Hamvention. AEout 40 industry representatives 
attended and heard the task force leaders report considerable progress on various promo-
tional efforts. Travis Brann, WA5RGU, of Kantronics, succeeded Mike Lamb of AEA as de facto 
group chairman for the next quarter; Joe Schroeder, W9JUV, will continue to act as secretary/ 
treasurer for the time being. A delegation from the group is scheduled to meet with Senator 
Barry Goldwater, K7UGA, for a briefing in early June. 

The First Attempt At Implementing One Of The Group's Proposals Appears to have met with 
some success at the Rochester Hamfest in May. A good number of the free tickets sent to 
area junior high and high school teachers for distribution to interested students were used, 
and special booths aimed at entry level prospects were reported to be very popular. 

The Average Age Of New Amateur Licensees In April was 36, the FCC determined after analyz-
ing the approximately 2200 applications from never-before licensed applicants it received 
that month. The oldest was 82, the youngest 7, and the median age 35. 

SOME FOUNDATIONS FOR A NATIONAL REPEATER COORDINATION SYSTEM were laid during the course 
of several well-attended meetings at Dayton. The first, organized by W8JRL (Ohio) and 
WB8UPM (Michigan), discussed the relative merits of 15 vs 20 kHz channel spacing, while the 
second was on the FCC's national repeater coordinator proposal, PR Docket 85-22. At that 
meeting ARRL Hudson Division Vice Director WA2DHF reported tentative League agreement to 
fund a computer system and incoming WATS line for coordinator use, and to publish a coordin-
ator's newsletter. At the third session the consensus seemed to favor a "confederation" 
of area coordinators rather than a single national coordinator. 

presstdp 

6 GB July 1985 



t jr Frequency Spectrum Chart 
N W W W V l 

TECHNICIAN LICENSEES hava privilege! of all 
Novice frequencies plu* General frequencies 
above 5 0 MHz. 

CW permuted on oil frequencies available to 
thot licenee 

'affective Juno 17, 196S RTTY. FAX, and SS7V modes 
also available. 

3 5 3 8 3.7 3.790 3 8 3 9 4.0 

I i i i I i 1 i I i 

L z r 

10.12 5 <0.16 

[ WOT YET AUTHORIZED 

T° i i r — r — i j — s 
24.99 

28 0 SB 3 28 3 29.0 -- - -29 6 29.S2 £9 66 £97 

3 
54.0 

i i ̂  \ ̂  • ̂  ^ • ^ ^ m ^ ^ ^ sa ̂  M . ^ m ^ m m m ^ m m 
(49.0 

3 3 3 523 3̂ 6 ^ 3̂  7 _ 

70 7029 
1 

7.190 

_UUUU^U 
• 

14.0 14.020 14.190 14.178 14 2 

| f WOT Y t r AUTHORIZED 

21 2 21.229 

26 0 9.92 29 99 29.7 

SO O 90 

cz 
144 0 144 1 S44.3 144.8 144.6 <40.0 148.9 149.8 146 0 

3 5 3529 3 6 3 7 3 7SO 3.990 9 9 4 o 

M i i i I i i i I "T" 
7 0 7 025 

10 10 

T~ 

14 O 14 029 

wot re r 4 i i thowizcp 

29 0 

a m 
29 9 29.92 1988 297 

144 0 144 I 144.3 1*4.9 144.8 149.0 145.0 149.9 146.0 

l U i i i i i n ^ n i ^ i m 

3 7 3.79 

29.0 29 I 29 2 

8 GO July 1985 <*) Copyright 1985, Ham Radio Magazine 



comments ™ 
active antenna 
Dear HR: 

The article in May, 1985, issue of 
ham radio on active antennas ("Active 
Antenna Covers 0.5-30 MHz," by 
Peter Bertini, K1ZJH) was interesting 
but contained no evaluative data. Your 
readers might be interested in knowing 
that an evaluation of S/N performance 
of active antennas was published by 
Radjy & Hansen in the March, 1979, 
IEEE Transactions on Antennas and 
Propagation, Vol, AP-27, pages 259-
261. S/N degradation occurs over the 
upper part of the HF band where ex-
ternal noise reduced by the impedance 
ratio is less than preamp noise. This 
degradation is aggravated by large 
design bandwidth since that requires 
a large impedance ratio. 

Robert C. Hansen 
Tarzana, California 

On-the-air support 
Dear HR: 

I agree that we need an aggressive 
Junior High ham radio program — but 
we need actual on-the-air support just 
as badly, or maybe even more so. 

A year and a half ago I was working 
with a 14-year old and a 13-year old. 
Those kids picked up code so fast I 
couldn't believe it. They were doing 

great on element 2. They weren't in-
terested in Novice tickets — they 
wanted General Class licenses, and 
with some on-the-air support they 
would have made it. 

I loaned them each a transceiver 
(Sans finals — hi!) so they could look 
around the bands for something of in-
terest to them. I looked for contacts 
I thought would be interesting to 
them. They worked many contacts on 
my rig looking for teenage support. 
They didn't call it that, but follow-up 
conversations made it obvious they 
couldn't find anyone on the air that 
shared any interests with them. 

Needless to say, we — the ham 
world — lost two bright youngsters for 
what I believe was lack of interesting 
QSOs for two teenagers. . . . Both of 
them turned to computers. About 
300,000 people live in our metro area, 
so they now find lots in common with 
other kids on their computer nets. 
They're also interested in interfacing 
music synthesizers w i th their 
computers. 

I've tried to get them back into 
Amateur Radio, but I can't compete 
with their age group. . . . 

We're friends, and the three of us 
play golf together. I have a feeling that 
when they can beat me at golf, they'll 
be off to greater challenges — but for 
now, we share that interest. 

Any ideas on how to hold their inter-
est? The neighborhood is full of young-
sters coming into their teens, and I'm 
willing to try again if all of us will try 
to share their interests when they're on 
the air. 

Ken Uthus, KT7E 
Nine-Mile Falls, Washington 

CQ DXRC? 
Dear HR: 

I was very pleased to see your com-
ments on courteous practices and the 
"rubber stamp" QSO ("Reflections," 
March and April, 1985). What made 
me lose interest years ago and still 
threatens is the fact that in any DX 
QSO, even from New England to 
Europe, which is a very solid circuit on 
almost any band with favorable propa-

gation, you rarely find a conversation 
longer than a minute. Now I don't 
knock awards and contests — to each 
his own — but to me the fact that I 
have the capability, with my rig, and 
knowledge to exchange meaningful 
information with individuals in foreign 
countries is the most exciting and in-
teresting aspect of Amateur Radio. 

I don't ever wish to monopolize a 
DX station's attention when others are 
calling. But there have been many, 
many times I have worked a DX sta-
tion who cut it very short only to call 
"CQ DX USA" two or three times be-
fore getting another QSO. This is frus-
trating to me, because my own defini-
tion of "rare DX" is the guy, wherever 
he is, who's willing to ragchew for a 
few minutes. 

I suggest this happens because 
there is so much contest and certifi-
cate operation that the short QSO 
habit develops. Is there a way we can 
encourage both domestic and foreign 
stations to chew the fat for a few 
minutes when there aren't any pile-ups 
happening? Perhaps a new general 
call, like "CQ DXRC," which would 
imply that the caller isn't looking for 
the rare prefix, but rather a little inter-
national fellowship instead. 

Anyway, I sure would like to see 
some movement in the direction of 
some of us getting to know each 
other, and I believe it can be done 
without jeopardizing the DX operators 
who are looking for their country 
totals. So often, in routine conditions, 
there are lots of Europeans working 
lots of Americans and nobody is find-
ing out anything except "579 name is 
Bob tks 73 gb. . . . " 

David Lewis, KA1KFC 
(ex WA2ZQU) 

OSCAR 10 
Dear HR: 

Many thanks for publishing "A PSK 
Telemetry Demodulator for OSCAR 
10" (April, 1985, page 50). Why, I 
wonder, has it taken so long for this 
to appear in an Amateur publication? 

Stephen E. Bach, AA4B 
Scottsville. Virginia 
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2-meter transmitter 
uses Weaver modulation 

Try the 
"third method" 

of SSB generation 

Imagine a 2-meter SSB transmitter that contains 
no crystal filters, no IF amps, no heterodyne oscilla-
tors, no BFOs, and no broadband audio quadrature 
generator, either. 

Impossible? No. The scheme described herein is 
based on a little-known technique usually called the 
"third method" of SSB generation, which I prefer to 
call the "Weaver Modulator," in honor of D.K. 
Weaver, its apparent inventor. First discussed in 1956, 
the technique has rarely been seen in the commercial 
or Amateur press.' 

The purpose of this project was to demonstrate that 
the Weaver modulation technique could be easily and 
inexpensively applied to direct conversion sideband 
generation at VHF frequencies. It was not my intention 
to build a full-function rig, but merely to experiment 
with the architecture; therefore, the design does not 
include any T/R switching, ALC circuitry, or digital 
frequency display. Intrepid homebrewers can easily 
add these func t ions themselves. 

Despite the fact the "f i l ter" technique of SSB 
generation has been almost universally adopted for 
Amateur and commercial design, the Weaver tech-
nique offers the following advantages:23" 

• Much of the circuitry operates at audio frequencies, 
where layout is relatively non-critical. Components for 
these applications are inexpensive and easy to obtain. 

• There is only one RF oscillator, and it operates at 
the center of the transmitted output passband rather 
than being offset by an IF frequency. The oscillator 
may be tested with ordinary Amateur equipment; a 
2-meter receiver can be used as a detector. Also, a 
conventional frequency counter can be used as a digi-
tal frequency readout, since there are no BFO or IF 
offsets to account for. 

• All of the mixers operate on baseband signals. The 
absence of heterodyne techniques mean that there are 
(theoretically, at least) no images or spurs. Any out-
of-band radiation is a result of mixer and amplifier non-
linearities, and not a result of any inherent limitations 
of the conversion scheme. 

• Unlike the "phasing" technique, the Weaver 
modulator does not depend upon accurate phasing or 
balancing to achieve good control of the transmitter 
bandwidth. Phase and balance errors cause degrada-
tion of the audio quality only, not out-of-band 
components. 

• No expensive or hard-to-find crystal filter is 
necessary. For the most part, no unusual components 
are required; the average junkbox probably contains 
most of the components needed for the design. 

By Norm Bernstein, N1COX, 24 Foxfire Drive, 
Sharon, Massachusetts 02067 
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fig. 1. Block diagram of a single sideband transmitter using the Weaver modulation technique. 

The only significant disadvantage of the Weaver 
modulator technique is local oscillator suppression. In 
a conventional S S B transmitter, any LO leakage is 
located at the position of the suppressed carrier, and 
a filter type receiver would normally be tuned to zero 
beat this signal for proper reception. In the Weaver 
modulator, however, the LO is set exactly in the middle 
of the transmitted passband, and good RF mixer 
balance is essential to avoid an unpleasant "whistle" 
on the transmitted signal. Fortunately, commercial 
DBMs have excellent balance characteristics, and the 
carrier leakage can be dealt with successfully. (Inter-
estingly, this would not be a problem if the intended 
receiver used the Weaver technique as a demodulator, 
since the receiver's local oscillator would then zero 
beat with the transmitter's leaky LO signal, rendering 
the leakage inaudible.) 

circuit desc r ip t i on 

Figure 1 shows a block diagram of the basic tech-
nique. The signal from the microphone is amplified and 
filtered for the normal 300 Hz to 3000 Hz communica-
tions bandwidth. It is then applied to a pair of double 
balanced modulators; the modulators are driven from 
an audio frequency local oscillator whose outputs are 
in quadrature. The AF local oscillator runs at 1.8 kHz, 
which is the center of the audio passband. 

The outputs of the DBMs are then fed to a pair of 
low-pass filters, each with a cutoff frequency of 
approximately 1.8 kHz. These filters establish the basic 
transmitted bandwidth and are analogous to the 
crystal filter found in conventional rigs. 

The outputs of the filters are then sent to another 
pair of double balanced mixers; these mixers are driven 
from a quadrature local oscillator operating at the 
desired RF frequency. The outputs of the mixers are 

then summed, with the resultant output being a single 
sideband signal. The signal may then be amplified in 
a conventional manner before being fed to the antenna. 

Selection of the upper or lower sideband can be 
made by switching the phases of either of the local 
oscillators or by swapping the outputs of either pair 
of double balanced mixers. 

While the actual technique might be difficult to 
understand, its mathematics are relatively simple. 
Rather than attempt a complete description of the 
mathematics at this point, I recommend that interested 
readers consult the references listed at the end of this 
article, especially the original paper by Weaver. 

designing the prototype 

To minimize leakage effects and simplify testing, I 
decided to split the design of the prototype into four 
functional blocks: the audio modulator (containing the 
microphone preamplifier, the audio double balanced 
mixers, the filters, and the AF local oscillator genera-
ting circuitry), the local oscillator, the RF mixer 
assembly, and the post-mixer amplifier. The audio 
modulator was housed in an aluminum chassis box, 
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and the remaining three modules were constructed in 
separate die-cast boxes, using BNC connectors for 
signals and feedthroughs for DC power. Both fig. 2 
and the photo show the interconnection of the four 
modules. 

The audio modulator assembly'performs all the 
baseband signal processing, producing an output 
suitable for driving the RF mixers directly. This module 
has the most complex circuit of the four, but is the 
easiest to build because the layout is not critical; I used 
a conventional punched board with sockets for the ICs 
and point-to-point wiring. 

The microphone input is connected to a wideband 
gain stage (fig. 3) in order to bring the audio signal 
up to the nominal working level (2 to 3 volts p-p). The 
signal is then fed to a highpass filter in cascade with 
a low-pass filter. These filters are implemented as third-

order Sallen and Key types with cutoff frequencies of 
300 Hz and 3 kHz, respectively. 

The signal is now split into two paths. Each path 
consists of a double balanced mixer, followed by a 
relatively sharp low-pass filter, followed by a buffer 
stage and 50-ohm pad designed to deliver approxi-
mately 0 dBm to the mixers. 

The double balanced mixers are implemented with 
a series/shunt switch (1 /2 of a CD4016 C M O S switch) 
and an op amp configured as an "ihvert/non-invert" 
stage. This type of mixer exhibits good linearity and 
balance at audio frequencies, but has strong spurious 
response at harmonics of the local oscillator frequency; 
this is why the microphone preamplifier is followed by 
a relatively sharp bandpass filter. 

The signals from the mixers are then routed to the 
low-pass filters. The filter characteristic is important 
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because it affects the degree of unwanted sideband 
suppression and establishes the bandwidth of the 
transmitted signal in much the same way that the 
crystal filter does in a conventional rig. What is needed 
here is a high order elliptical low-pass filter with good 
stopband performance. One additional requirement is 
that the filters in each of the two signal paths have 
closely matched amplitude and phase characteristics; 
any significant mismatch here will affect the unwanted 
sideband suppression (which, in a Weaver modulator, 
results in a degradation of the audio quality). 

While the filters could have been built using con-
ventional LC techniques, I decided to use a pair of 
switched capacitor filter ICs. This device the S3528 
from American Microsystems, Inc.,* is a seventh-order 
elliptical low-pass filter with a programmable cutoff fre-
quency and better than 50 dB worth of stopband sup-
pression. A pair of these devices is significantly smaller 
than corresponding passive LC filters and are "tweak 
free" — i.e., they require no adjustment whatsoever 
and are inherently well matched. A minor disadvan-
tage to switched capacitor filters is that they require 

•American Microsystems, Inc., a division of Gould, Inc., 3800 Homestead 
Road, Santa Clara, California 95051. 

some additional filtering at the input and some filter-
ing at the output to remove the residual clock com-
ponent from the signal, but this was not difficult to 
accomplish. 

After the filters, the two audio signals go to a 
balancing network followed by a pair of LM384 driver 
amplifiers. These amplifiers are power devices capable 
of driving the 50-ohm pads used to reduce the signal 
to approximately 0 dBm, a level appropriate for the 
IF ports of the RF mixers. The heavy attentuation also 
helps to insure that the mixers see a broadband resis-
tive termination at their IF ports, which is important 
for proper mixer operation. 

The switched capacitor filters contain their own 
oscillator, which is based on a standard 3.579545 MHz 
colorburst crystal. This clock signal is divided by 1000 
and applied to a pair of flip flops, one of which is 
delayed by an adjustable one-shot to create a 90-
degree phase lag. The output of these two flip-flops 
is an adjustable quadrature signal operating at 
1.789773 kHz, which is close enough to the design 
value of 1.8 kHz for suitable operation. Feedback from 
the non-delayed flip-flop is employed to insure con-
sistent phasing at startup; without such feedback, the 
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fig. 5. The mixer assembly contains two SRA-1 double 
balanced mixers, a 90-degree 2-way hybrid (which is used 
to create the quadrature local oscillator signals for the 
mixers), and 0-degree, 2-way hybrid, which sums the two 
mixer outputs into a single SSB signal. 

transmitter would choose upper or lower sideband at 
random! 

The AF local oscillator quadrature could have been 
generated with perfect accuracy through the use of 
flip-flops alone, but I used the one-shot delay in order 
to allow for some adjustment range; it can be shown 
mathematically that small phase errors in the RF mixer 
assembly can be cancelled by introducing an equal but 
opposite phase error into the system at the AF mixers. 

The RF local oscillator (fig. 4) is a VXO running at 
a nominal frequency of 18.025 MHz, followed by three 
doubler stages and a buffer stage. This design is simple 
to build, adequately stable, and provides for enough 
tuning range to cover most of the portion of the 
2-meter band commonly used for terrestrial communi-
cations. My version covers 144.150 MHz to 144.300 
MHz; it is possible to obtain a wider coverage, but 
tuning ranges in excess of 0.1 percent of the nominal 
output frequency will result in reduced stability. 

Although no frequency indicator was constructed 
for this experimental rig, it would be relatively easy 
to build one because the oscillator runs at the trans-
mitted frequency; there are no IF or BFO offsets to 
account for. A general-purpose frequency counter 
capable of operation at 2 meters can also be employed. 

The RF mixer module (fig. 5) consists of a pair of 
SRA-1 mixers whose local oscillator inputs are driven 
in quadrature, and whose RF outputs are summed into 
a single output. The local oscillator drive is obtained 
from a commercial quadrature hybrid, in this case the 

PSCQ-2-180 from Mini-Circuits Labs.* The summa-
tion of the RF outputs is accomplished with a hybrid 
combiner (model PSC-2-1). The two audio drive sig-
nals are connected directly to the IF ports. 

A post mixer amplifier is used to provide 30 dB gain 
to the - 1 0 dBm 2-meter SSB signal output of the 
mixer assembly. This results in a signal of about 100 
milliwatts, which is sufficient for on-the-air testing. 
This amplifier (fig. 6) is a three-stage device with a 
grounded gate FET followed by two broadband bipolar 
class A stages. Because of the relatively low power, 
I did not incorporate any further filtering of the signal; 
more would undoubtedly be incorporated, however, 
in a practical design. 

test results 
This experimental rig was tested on the air in order 

to get some subjective feedback on the audio quality. 
The estimated output power was 50 to 100 milliwatts, 
too small to be accurately measured on any of my test 
gear. My first QSO was with W1VDI in Providence, 
Rhode Island, about 30 miles from my QTH. I received 
a Q5 report. 

Listeners generally reported that the audio quality 
was essentially equivalent to that of my regular 2-meter 
SSB rig (an ICOM 251A); minor differences in tone 
quality were attributed to the use of a different micro-
phone. None of the test participants reported any trace 
of carrier leakage on the signal, which indicates that 
the carrier balance of the mixer assembly is adequate. 

The only negative comment from the test partici-
pants was that there was a brief (2 to 3-second) period 
immediately after I keyed the transmitter each time, 
during which some traces of carrier could be heard; 
this effect "died out" within a few seconds. This was 
found to be caused by DC bias level settling in the 
audio modulator section; it can be avoided by main-
taining continuous power to the audio modulator 
rather than attempting to switch the modulator power 
when the transmitter is keyed. 

The transmitter was later examined with an RF spec-
trum analyzer and found to exhibit a carrier suppres-
sion of better than 45 dB, with the reverse sideband 
component down at least 30 dB from maximum output. 

the Weaver technique as a receiver 
The Weaver technique is bilateral. If all of the 

elements can be constructed to operate bilaterally (fig. 
1), then the system can be used to demodulate SSB 
signals as well as generate them. Although I have not 
had a chance to experiment with receive applications, 
it seems to me that many of the advantages of this 
technique apply in a demodulation system as well. 
Images and spurs would be far less of a problem than 
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fig. 6. The post mixer amplifier provides about +30 dB of gain at an output of approximately 100 milliwatts. 

in conventional heterodyne architectures. Dynamic 
range should be quite good, since conversion and de-
modulation occur in the first stage without the need 
for IF amplifiers, which can overload. All of the gain 
(with the exception, perhaps, of some RF amplification 
before the first mixer pair) would be accomplished at 
audio frequencies, where recent advances in IC proc-
essing techniques make low noise audio amplification 
relatively easy. 

low cost variations 

It should be possible to reduce the cost of this 
design by substituting components in the RF mixer 
assembly and the audio filters. The hybrid combiner 
and 90-degree splitter could perhaps be replaced by 
Wilkinson dividers (made from two 1/4-wavelength 
sections of 75-ohm cable, joined at one end) and a 
1 /4-wavelength section of 50-ohm cable for the phase 
delay. The cable scheme would probably have enough 
bandwidth and accuracy for 2-meter SSB operation, 
especially in view of the relatively narrow bandwidth 
popularly used on 2-meter SSB. Precise measurement 
of the cable lengths would not be necessary, since 
small amounts of phase error can be "tuned out" with 
the phase adjustment in the audio modulator section. 

The audio filters need not be quite as sophisticated 
as the ones used in the prototype design; the switched 
capacitor filters could be replaced with equivalent LC 
designs. The differential phase performance of the two 
filters is important, however, for good reverse side-
band suppression; it will therefore be necessary to 
measure the component tolerances of the Ls and Cs 
quite carefully. 

special consideration 

Any practical application of the Weaver modulator 
will require some special design consideration. For 
example, when using the prototype transmitter in con-
junction with a conventional "filter type" receiver, 
leakage from the transmitter's local oscillator would 
overload the receiver front end during reception. One 
way to minimize this problem would be to disable the 
VXO multiplier stages during receive. In the interests 
of stability, however, it would not be advisable to key 
the VXO itself. 
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VCO tunes from 1800-2600 MHz 

New to Microwaves? 

Build and test 

this simple VCO 

I have bui l t antennas, preamplifiers, filters, mixers, 
and oscillators for microwave frequencies from 23 to 
4.8 cm. All performed as expected except for the oscil-
lators, which required multiplication of the funda-
mental for the 13-cm band. Some required consider-
ably more multiplication because the fundamental fre-
quency was as low as 15 MHz. The oscillator/multi-
pliers were complicated — difficult to build and even 
more difficult to test. They produced fundamental out-
put, multiplied output at undesired harmonics, and 
often spurious output. To avoid these problems, I 
decided to build a fundamental voltage controlled 
oscillator (VCO) that operated directly on the 13-cm 
band. 

This simple VCO was easy to build and test. The 
tuning range, power output (2 to 15 mW), phase 
noise, and stability of the VCO were acceptable for 
many applications. 

The parts for the VCO can be purchased from deal-
ers or mail order suppliers for a total of less than $20. 
If all the parts for the VCO are available, including the 
etched PC board and test equipment described below, 
the VCO can be built and tested in an hour, using 
standard tools. A mounted low-power magnifying 
glass is a helpful accessory. 

I built a line stretcher and microwave detector for 
testing the VCO, using the line stretcher to determine 
the approximate frequency and the detector (with a 
milliammeter) to measure the power output. 

I've used the VCO as an FM transmitter and as a 
local oscillator for a converter for broadband (greater 
than 100 kHz) communication. Since the VCO is 
remotely tunable, it can be conveniently mounted at 

the antenna feed, thus eliminating line losses for either 
transmission or reception. 

background 
While searching for a suitable circuit for a funda-

mental 13-cm oscillator, I found a very simple WWII 
era oscillator circuit in the 1949 Radio Amateur's Hand-
book. This circuit used two 6J6 tubes with a transmis-
sion line connected to the plates of the two tubes. 
Oscillation was at 420 MHz. The only way the 6J6 
could be made to oscillate at such a high frequency 
was to divide the shunt capacitance load on the trans-
mission line by 2, using 2 tubes. The cathodes and 
plates of the tubes were isolated from RF ground with 
RF chokes, and the grid grounded through a bias 
resistor. Oscillation occurred because of coupling be-
tween the two sides of the common plate transmission 
line. 

I built this same circuit on a PC board, but used two 
microwave transistors in place of the 6J6 tubes and 
spiral wound carbon film resistors as RF chokes. Using 
transistors in place of the tubes allowed tuning over 
a wide frequency range since the junction capacitance 
of the transistors is easily varied by changing the base 
to emitter current. Figure 1 shows the circuit for this 
simple VCO. 

Capacitance of a dual 6J6 from grid to plate is about 
3 to 4 pF. Bipolar microwave transistors available to-
day have Cob of 0-4 pF. This should allow oscillation 
at frequencies as high as 6 GHz with a significant por-
tion of a transmission line external to the transistors. 
This VCO circuit actually has the base grounded so 
capacitance in the transistor is higher than 0.4 pF. 

Any transistor with a Cqb less than 0.5 pF, a DC 
Beta greater than 25, and F j greater than 4 GHz 
would probably operate properly in this circuit. Tran-
sistors such as MRF901, BFR90, HXTR-61, and HP 
35821B could be used, although the maximum fre-
quency of operation might be lower. 

I used the NE21935 in the VCO because it costs less 
than $7.00, is bipolar, has a convenient package form 
with two emitter leads, is very small, and has excellent 
Cob and F t specifications. The NE21935s are available 

By Hans M. Roensch, Jr., W0DTV, R.R. #1, 
Box 156B, Brookfield, Missouri 64628 
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from California Eastern Laboratories, 3005 Democracy 
Way, Santa Clara, California 95050 or from one of their 
sales offices. 

design specification 
Because VCOB MAX for the NE21935 is 20 volts, 12 

VDC power supplies were selected for use with the 
VCO. The absolute maximum current allowed through 
the NE21935 is 80 mA. To protect the transistors ther-
mally and provide a wide tuning range, (50 mA, or 
about 25 mA per transistor,) was selected as the max-
imum current. 

The maximum power dissipation for the NE21935 
without case cooling is 390 mW at ambient temper-
atures up to 50 degrees C (122 degrees F). Since the 
VCO has an output of 2 to 15 mW with about 50 mW 
dissipated power, more output is possible at the 
sacrifice of thermal drift and tuning range. About 25 
percent more power output results if the bias voltage 
is increased to 18 volts. However, tuning range is 
reduced to about 300 MHz. 

Required output power to most mixer diodes is in 
the range of 5 to 10 mW. Therefore, I wanted at least 
10 mW output from the VCO. This power, adequate 
for communication over a few miles or as excitation 
power, is easily detectable for test purposes. Figure 
2 shows a typical power output versus frequency plot 
for the VCO. 

FREQUENCY (GHi) 

fig. 2. Typical tuning voltage versus frequency and tuned 
power output versus frequency. Maximum power out-
put occurs when the tuning voltage is between - 1 and 
- 7 volts. Tuning is almost a linear function of voltage. 

I wanted the tuning range of the VCO to be wide 
enough to cover the entire 13-cm band plus 100 MHz 
or so on each side, so that a 100 MHz first IF amplifier 
(FM receiver) could be used in the receive mode. The 
actual tuning range for VCOs I have tested has been 
greater than 800 MHz, although when the oscillator 
is delivering more than 10 mW of power the tuning 
range decreases to 500 MHz. 

I wanted the VCO to have minimum possible phase 
noise and good stability without generating spurious 
outputs. To help reduce phase noise the VCO was built 
on teflon fiberglass PC board and the "hairpin" trans-
mission line was mounted off the PC board with air 
as the dielectric. The low transistor Q and low hairpin 
Q would tend to cause high phase noise at this fre-
quency. The VCO should be used in broadband appli-
cations only. Spectrum analysis using a homebrew 
analyzer has shown noise and spurious outputs at least 
20 dB below the fundamental. 

The shunt capacitance of the tuning voltage circuit 
was limited to 120 pF to allow for the possibility of 
modulating the VCO by video signals at a later date. 

To prevent stray microwave energy in the shack, 
it was necessary to enclose the VCO. To help prevent 
holes or resonances in the tuning range, the enclosure 
must be less than a quarter wavelength in size in all 
directions at the highest frequency of oscillation. Be-
cause microwave energy can leak through very small 
cracks in the enclosure, I decided to completely en-
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close the V C O in a copper housing, seam soldering 
all gaps except where the two feedthrough capacitors 
and the RG-58 coax enter. 

The output is closely coupled to the hairpin tank 
transmission line and therefore high Q and/or mis-
matched loads at the output may cause tuning holes 
or resonances. Changes in load will also cause shifts 
in frequency. 

acquiring the parts 
The 0.03 inch (0.76 mm) thick, 1 ounce (28 gram), 

double-sided teflon fiberglass PC board, the eyelets, 
feedthrough capacitors, and copper foil were pur-
chased from Gateway Electronics, 8123-25 Page Boul-
evard, St. Louis, Missouri 63130; Surplus Sales, Inc., 
2412 Chandler Road, East Bellevue, Nebraska 68005 
also stocks needed items. A n y value of feedthrough 
capacitor between 50 and 1000 pF can be used, 
depending on desired maximum modulation frequency 
and allowable RF leakage. Standard epoxy fiberglass 
PC board could probably be substituted for the teflon 
fiberglass PC board, but some degradation in maxi-
mum frequency and some reduction in Q might be ex-
pected. All other parts and materials can be obtained 
from local or mail order dealers. 

construction 
I use a 20 to 30-watt soldering iron, a 100 to 200-watt 

soldering iron, a thin track saw (available from model 
railroad hobby shops), a tubing cutter, rosin core 
solder, long nosed and Vise-Grip® pliers, a hand drill, 
a small sharp knife, tin snips, a small heatsink clip, and 
a low-power magnifying glass for construction. All 
parts except the PC board, eyelets, the transistor 
leads, and the copper foil are tinned before soldering. 
Construction proceeds in this order: 

• Prepare the PC board with cut out and eyelets. 

• Solder the transistors and "hairpin" to the PC board. 

• Install the feedthrough capacitors, resistors, and 
coax. 

• Test the V C O for proper operation. 

• Solder the V C O into its enclosure and retest. 

The foil pattern s hown in fig. 3 is used as the 
negative to expose a piece of photosensitized 0.03 inch 
(0.76 mm) thick teflon-fiberglass P C board. The back 
side of the PC board (the bottom of the enclosure) is 
covered to prevent etching it away and used as a 
ground plane. (If you don 't have the facilities to etch 
your own P C board, the etched PC board with eyelets 
can be obtained from Roensch Microwave, RR #1, Box 
156B, Brookfield, Missouri 64628. The price is $5.00, 
postpaid.) 

The PC board is drilled for the eyelets and feed-

through capacitors approximately as s hown in fig. 4. 
Locate the holes within 0.1 inch (2.5 mm) of the loca-
tions s hown so that the entire hole remains at least 
0.05 inch (1.3 mm) from the edge of the P C board. 

Cut out the space for the hairpin 0.3 inch (8 mm) 
deep by 0.4 inch (10 mm) wide and then install the 
two eyelets (or two pieces of 20 gauge wire) for 
grounding points. Clean the P C board with a non-
phosphate cleanser and avoid touching it until all 
soldering is complete. n , w , ^ 

fig. 3. PC board foil pattern (actual size). 
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Next, install the transistors. (The base lead of the 
NE21935 is identified by the 45-degree angle of its 
termination.) The lead opposite the base lead is the 
collector and the other two leads connect to the emit-
ter. Cut one emitter lead (the opposite emitter lead on 

fig. 5. Location of parts on PC board. "Hairpin" is mounted 
over hairpin cutout. 240-ohm resistor is mounted above hair-
pin head inside outline of PC board. 

NOTE 

CUI rRO» OfG" to BftASS STtiiP 

fig. 6. "Hairpin." Areas to be tinned prior to installation 
are shown. 

each transistor) as short as possible so that the tran-
sistors can be mounted close to each other with both 
base leads pointing in the ground direction as shown 
in fig. 5. With a drop of solder on the tip of a clean, 
hot 20 to 30 watt soldering iron, place the first tran-
sistor on the PC board. While holding a base lead in 
place with a finger, place a drop of solder on the col-
lector lead and PC board solder pad tacking the lead 
in place. Make a good solder joint at the other two 
transistor leads. Then remelt the solder and add a lit-
tle solder at the collector, base, and emitter to make 
a good, shiny buildup with adhesion of solder suffi-
cient so no copper shows at all three transistor leads. 
Do not apply heat at transistor leads for longer than 
3 seconds without a long cool-off period. Install the 
second transistor in the same manner with its cut-off 
emitter lead about 0.02 inch (0.5 mm! from the other 
transistor's cut-off emitter lead. The emitter leads must 
be close but must not touch each other. 

Cut and bend the hairpin next. I used tin snips to 
cut a piece of 0.016 inch (0.4 mm) thick brass 0.1 inch 
(2.5 mm) wide by 0.7 inch (18 mm) long. Bend this 
piece of brass into its proper shape (fig. 6) using long-
nosed pliers and your fingers. I make two diagonal cuts 
at the ends of the hairpin with small diagonal pliers. 
The sides of the hairpin should be of equal length. Hold 
the hairpin with Vise-Grip® pliers and tin the outside 
of each end and the head of the hairpin. A mounted 
low-power magnifying glass was used for this tinning 
and for soldering the hairpin to the PC board. Hold 
the hairpin with a pair of long-nosed pliers in position 
as shown in fig. 5, with the head of the hairpin 0.2 
to 0.25 inch (5 to 6 mm) from the PC board. Reheat 
the solder at one hairpin end and one collector lead 
securing the hairpin to the PC board. Place a heatsink 
clip at the head of the hairpin. Then reheat and add 
solder at the second hairpin end making a solid solder 
bridge there. Go back to the first hairpin end and add 
a little solder to make a good solder bridge there also. 

The feedthrough capacitors and eyelets are now sol-
dered on both sides of the PC board. Make sure the 
0.001 fiF feedthrough capacitor is not mounted at an 
angle; if it is, it could short to the enclosure when it 
is installed. 

Bend one lead of the 240-ohm resistor at a right 
angle as close to the body of the resistor as possible. 
Cut this lead to about 0.1 inch (3 mm) leaving the other 
resistor lead uncut. Use the second resistor lead to 
hold the resistor while soldering the short lead. (I 
placed a heatsink clip across the ends of the hairpin 
and held the resistor at a right angle to and vertically 
above the hairpin and well inside the outline of the PC 
board as shown in fig. 5.) With the drop of solder on 
the 20 to 30 watt soldering iron, solder the short resis-
tor lead to the center of the head of the hairpin. The 
long lead of the resistor should be held against the 
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0.001 n? feedthrough capacitor while the short lead 
is soldered. Wrap, cut off, and solder the long lead 
to the 0.001 feedthrough capacitor. 

Prepare the two 470-ohm resistors in the same way 
described for the 240-ohm resistor. Solder the short 
leads of these two resistors to the emitter leads of the 
two transistors as shown in fig. 5. Wrap, cut off, and 
solder the long leads of these resistors to the 120 pF 
feedthrough capacitor. 

Prepare a 6-inch {152 mm) piece of RG-58 coax as 
shown in fig. 7, soldering the junction of the shield 
and center conductor of the coax to the eyelet on the 
PC board with the pickup loop about 0.02 inch (0.5 
mm) from the hairpin as shown in fig. 5. The center 
conductor of the coax must not touch the hairpin. In-
stall a BNC plug on the other end of the coax. 

installing the VCO 
Test the VCO as described below. Then cut and 

bend the enclosure and solder the VCO into it. Cut 
a piece of 0.02 inch (0.5 mm) flashing copper with tin 
snips as shown in fig. 8. Holding the flat pattern firmly 
with Vise-Grip® pliers, drill the mounting holes and the 
hole for the coax. Then cut the copper to make the 
hole for the coax into a slot. 

Cut out a small wooden block 1 x 1.25 x 6 inches 
(25 x 32 x 156 mm) to use as a jig over which the 
flat pattern can be bent into a box. Make sure the flat 
pattern is bent upward because the hole for the RG-58 
coax will be on the wrong side if it's bent downward. 

Place the tested VCO (PC board) upside down on 
the bottom of the copper enclosure with the coax in 
its slot. Tack-solder the PC board in its proper posi-
tion, placing small pieces of copper foil over the hair-
pin cutout area and across all gaps between the PC 
board and the enclosure. Make sure the foil over the 
hairpin cutout is flat and away from the hairpin. The 
RG-58 shield should be soldered to the foil and the foil 
soldered to the enclosure all around. (Do not move 
the coax until after the enclosure is cool.) The foil can 
be soldered to the PC board with a 20 to 30 watt iron 
and to the enclosure with a 100 to 200 watt soldering 
iron. The completed VCO, ready for final test, is shown 
in fig. 9. 

test equipment 
A line stretcher is used to determine the approx-

imate frequency; a detector/milliammeter is used as 
a power indicator. The line stretcher and diode detec-
tor can be built as described below. 

Use four brass tubes and two teflon-insulated BNC 
receptacles to make the line stretcher (fig. 10). A 
tubing cutter is used to provide the lengths shown. 
Place the factory-cut ends of the tubing toward the 
center of the line stretcher. Slot the larger inner tube 
and larger outer tube with the track saw at one end 

RG -58 COAX -

SOLOER SHIELD AND 

CENTER CONDUCTOR HERE 

fig. 7. Detail of RG-58 coax pickup loop. Center conduc-
tor and shield are soldered together and then soldered 
to eyelet on PC board. 

0J87"(5mm) DIA. 

HOLE 2 PLACES-
0 . 2 " 

(5mm) 

-0.I87"15*"»S DIA. 

113« 

I 1/4" 

ISMML 

UF 

fig. 8. Flat pattern for enclosure uses 2.5 x 3.75 inch 
(64 x 95 mm) piece of 0.02 inch (0.5 mml thick copper 
flashing material. 

in four places (two slots at a time) 90 degrees apart 
about 1/2 inch (13 mm) deep. Two holes, 5/8 inch 
(16 mm) and 1/4 inch (6 mm) drilled into a block of 
wood either nailed down or held in a vise can be used 
as a jig to hold the tubing while the slots are sawed. 
This protects the hand holding the tubing in case the 
thin, sharp track saw slips off the end of the tube. 
Squeeze the small tubes at their cut ends so that they 
fit tightly over the center contacts of the BNC recep-
tacles and then solder them in place. Saw the larger 
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outer tube at the end (with four slots) that you cut 
wi th the track saw. 

Squeeze the large tubes together uniformly at a slot-
ted (cut) end until the tubes fit tightly over the tinned 
outer threaded portion of the rear of the BNC recepta-
cles. Then holding the small tube in the center of the 
larger tube, solder the larger tubes to the threaded 
portion of the rear of the BNC receptacles. 

Gently squeeze the larger inner and outer tubes 
together so that they fit the smaller inner and outer 
tube tightly as they are telescoped together. Wipe the 
outer tube wi th alcohol to help maintain good electri-
cal contact between the outer tubes. 

Build the detector as shown in f ig . 11. Apply heat 
for no longer than 5 seconds when soldering the diode. 

* The diode should be tinned at the two solder points 
before soldering it in place. Keep the leads on the 3-6 
pF capacitor and diode as short as possible. The best 
capacitor to use is one with no leads at all, fabricated 
from PC board. A piece of 0.03 inch (0.76 mm) thick, 
double sided teflon/fiberglass PC board 0.3 x 0.3 inch 
( 8 x 8 mm) makes an excellent bypass capacitor for 
13-cm microwave frequencies. After the BNC recepta-
cle threads and the PC board are tinned, solder one 
side of the PC board directly to the BNC receptacle. 
Heat the receptacle with the 100-watt soldering iron, 
then quickly solder the bot tom side of the PC board 
to the receptacle with the 20 to 30-watt soldering iron. 
Then solder the diode in place between the other side 
of the PC board and the center contact of the BNC 
receptacle. Commercial 3 to 6 pF capacitors will work 
but output from the detector will be less. If you desire, 
the completed assembly can be embedded in silicone 

caulk to help prevent handling damage, but doing so 
will reduce output from the detector. 

Other types of UHF/microwave diodes may be 
used if their junction capacitance is less than 1 pF. The 
HP5082-2835 diode is available from Radio Shack (Part 
No. 276-1124). 1N21 or 1N23 diodes are available from 
MHz Electronics, 2111 W . Camelback Road, Phoenix, 
Arizona 85015. 

testing 
The overall test setup is shown in f ig . 12. I keep 

the RG-58 cables less than 6 inches (150 mm) long 
because RG-58 is very lossy at 13 cm. Wi th the tun-
ing voltage adjusted to a preliminary setting of - 5 
VDC, adjust the line stretcher for a minimum reading 
on the milliammeter. Mark this position on the smaller 
outer tube of the line stretcher with a felt tip pen. The 
line stretcher is then adjusted longer to the next mini-
mum as indicated on the milliammeter and the smaller 

f ig. 9. The completed microwave VCO. 

f ig. 10. The line stretcher is built f rom four 0.016 inch (0.4 mm) wal l brass tubes and t w o BNC receptacles. 
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9 M H z C R Y S T A L F I L T E R S 
Appli- Band-

MODEL cation width Poles Price 
XF-9A SSB 2.4 kHz 5 $53.15 
XF-9B SSB 2.4 kHz 8 72.05 
XF-9B01 LSB 2.4 kHz 8 95.90 
XF-9B-02 USB 2.4 kHz 8 95.90 
XF-9B-10 SSB 2.4 kHz 10 125.65 
XF-9C AM 3.75 kHz 8 77 40 
XF-9D AM 5.0 kHz 8 77,40 
XF-9E FM 12,0 kHz 8 77.40 
XF-9M CW 500 Hz 4 54.10 
XF-9NB CW 500 Hz 8 95.90 
XF9P CW 250 Hz 8 131,20 
XF910 IF noise 15 kHz 2 17 15 

1 0 . 7 M H z C R Y S T A L F I L T E R S 
XF107A NBFM 12 kHz 8 567,30 
XFI07B NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67,30 
XF107-D WBFM 36 kHz 8 67 30 
XF107-E Pix/Data 40 kHz 8 67 30 
XM107-S04 FM 14 kHz 4 30,15 
E*por1 Inquiries Inviled, Shipping $3 75 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your existing HF or 2M rig on oiner VHF or UHF bands 

L O W N O I S E R E C E I V E C O N V E R T E R S 
1691 MHz 
1296 MHz GaAsFET 
432/435 
439-ATV 
220 MHz 
144 MHZ 

MMM69M37 
MMkt296 !44G 
MMC432-28<SI 
MMc439Ch * 
MMc220-28 
MMC144-28 

» 1 9 'Jb 
149 « 
74,95 
89 95 
74 95 
59 95 

Options: Low NF (2.0 dB max.. 1.25 dB ma*.), other bands & IF's available 

L I N E A R T R A N S V E R T E R S 
1296 MHz 1 8 W output. 2M in MMtt2<JS 144 C, 
432/435 lOWoutput, 10M in MM|432-28(S| 
144 MHz lOWoutput. 10M in MMII44-28 
Ottwr bands S IFs available 

L I N E A R P O W E R A M P L I F I E R S 
1296 MHz 
432/435 

20 W output 
100 W output 
50 W output 
30 W output 

144 MHz 200 W Output 
100 W output 
50 W output 
30 W output 

All models include VOX T/R switching 
" I " modolS 1 ot 3W drive, others tow drive 
Shipping: FOB Concord. Mass 

ANTENNAS 
420-450 MHz MULTIBEAMS 
28 Element 70/MBM28 12 dBd 
48 Element 70/MBM48 15 7 dBd 
88 Element 70/MBM88 18 5 dBd 
144-148 MHz J-SLOTS 
10 f 10 Twrel I0XY/2M 11 3 dBd 

UHF LOOP YAGIS 
1250' 1350 MHz 29 loops 1296 LY 20 dBl 
1650-1750 MHz 29 loops 1691 LY20dBi 
Order Loop-Yagi connector extra 

UP1296-20-L 
MM1432-100 
MML432-50 
MML432-30LS 
MML144 200-S 
MMLI44-IOOLS 
MMl 144-50-S 
MML144 30-LS 

5299 95 
269.95 
179.95 

439.95 
369 9b 
199 95 
209 95 
374 95 
239 95 
149 95 
109 95 

107 

S39 95 
-aoi 59 95 

— 89 95 

S49.95 
59 95 

Type N $14,95. SMAS5 95 

Send 44t |? slumps) lot lull details ol all your VHF 4 UHF 
equipment and KVG crystal pioduct requirements 

S I 
(617)263-2145 

; SPECTRUM 
' INTERNATIONAL, INC. 

(Post Office Box 1084 
|§rd, MA 01742, U.S.A. 

• K 

L 

8HC 5062 - 2835 OR 
RECEPTACLE "VJi OR iN23 

10 OS >00 OHMS 
KTCPHAL ftcS'STAHCt 

PC 110ARO CAPACITOR 
OR J ro 6p/~ CAPACtWff 

#I*CS TO MIU.IAMME rcfl - r -O . l ' lBmml i 5 , r t J « « l 
/ PI£C£ O.03" <0.76 mr}) 

/ THICK TEFLON-
FIBERGLASS PC S0AX0 

J = L 

3083-2835 

fig. 11. The diode detector is built on a teflon insulated 
BNC receptacle using a microwave diode and homemade 
bypass capacitor. 

outer tube marked again. Some shift in frequency of 
the VCO (10 or 20 MHz) occurs as the line stretcher 
is lengthened, but the frequency is approximately the 
same at each minimum. The distance id) in cm be-
tween these two marks is equal to the wavelength 
divided by 2. The frequency [f in MHz) is equal to 
15,000 divided by d. With careful adjustment and 
measurement, it should be possible to tune the oscilla-
tor to the center of the upper 13-cm band (12.4 cm). 
Since the total tuning range of this VCO is about 1.8 
to 2.6 GHz, voltages between about - 4 and - 6 volts 
should tune the entire 13-cm band. 

Frequency can be determined more accurately by 
injecting a known frequency (or harmonic of a known 
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f ig . 12. Test con f i gu ra t i on . 

frequency) into the detector area with a probe and tun-
ing the VCO until a zero beat indication is displayed 
on an oscilloscope. Frequency modulation of the VCO 
or frequency standard will cause a "birdie" to appear 
on the oscilloscope if the horizontal sweep of the oscil-
loscope is synchronized with the modulation fre-
quency. This makes it easier to find the VCO frequency 
since tuning is very rapid through the 2 or 3 MHz band-
width of the oscilloscope. 

To determine approximate power output, adjust the 
line stretcher for maximum current through the detec-
tor. An approximate level of output power can be 
determined by using table 1. (For more information 
on estimation of power output see reference 1.) 

The line stretcher used above can be used to help 
match the output of this VCO to any load that might 
be used. Although this matching is not as good as can 
be realized with a double stub tuner, it may be ade-
quate in many cases.2 Matching can be improved — or 
made worse — by adjusting the position of the coupl-
ing loop in relation to the "hairpin" and/or adjusting 
the size of the coupling loop. The length or position 
of the "hairpin" on the solder pads may be adjusted 
lo increase the output over a particular band of fre-
quencies. Maximum output occurs with a tuning 
voltage between about - 1 and - 7 volts. Bias voltage 
can also be adjusted to change frequency and output 
power. 

safety 

There is little danger from the output of this 
microwave VCO since maximum power output is 
about 15 mW. (OSHA sets 10 mW/cm® as the max-
imum safe radiation density.) If the maximum 15 mW 
output of this VCO were concentrated in an area of 
less than 1.5 cm2 there could be a hazard. This might 
happen with a waveguide horn, parabolic antenna, or 
other type of high gain device. When working with 

tab le 1. Corre lat ion of VCO ou tpu t power w i t h current 
me te r reading. 

meter reading with meter reading w i th 
Schottkv diode (such contact diode (such as approximate 

as 5082-28351 1N21 or 1N23I power out 
ImAI ImAI (mW) 
10-20 9 10 1020 
6 10 <16 5 10 

0 5 0.8 0,8 0 9 1 

microwaves never look into an active waveguide, 
antenna, or other high gain device. Never place your 
head at the focal point of an irradiated high gain 
antenna. Microwave radiation above 10 mW/cm2 can 
harm your eyes. Never expose your body to high-level 
radiation. 

applications 

This VCO has many uses. It can be used as a local 
oscillator, as a low-power FM transmitter or exciter, 
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STV ^ ^ F m mm Ti 
^ ^ ^ m mm m. 

WHAT'S REALLY 
HAPPENING 

IN HOME 
SATELLITE 

TV? 
THE HOME 

SATELLITE 
TELEVISION 

MAGAZINE 
"A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in-
dustry insights! With your subscription to STV * you will 
receive a FREE LCD Calendar/Clock. 

• Only $19.95 per year (12 monthly issues) 
• $1.00 for sample copy 

IF YOU HAVE 
A SATELLITE 
SYSTEM,THEN 
YOU REALLY 
NEED 

The best in satellite programming! Featuring: *A I I 
Scheduled Channels ^Weekly Updated Listings 
•Magazine Format •Complete Movie Listing *A I I 
Sports Specials •Pr ime Time Highlights •Specials 
Listing and •Programming Updates! 

• Only $39.00 per year (52 weekly issues) 
• 2 Years $69.00 (104 weekly issues) 
• $1.00 for sample copy 

Visa* and MasterCard* accepted (subscrip-
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 
STV®/OnSat® 

P.O. Box 2384—Dept. HR • Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1-800-438-2020 

as a component in a spectrum analyzer or sweep gen-
erator, as a signal source to test amplifiers, attenu-
ators, antennas, transistors, filters, oscillators, detec-
tors, feed horns, or mixers. It can also be used at 
slightly lower frequencies for TVRO reception if a 
doubling mixer is used.3 

This VCO cannot, however, be used with narrow-
band systems where crystal stability and minimum 
phase noise are required. If accurate frequency con-
trol is needed, a phase-locked loop and frequency 
counter may be added to the VCO.4 

If you have problems with the construction, testing, 
or operation of this VCO I'll be glad to help you. Please 
send a SASE with your inquiry to me at the address 
shown at the beginning of this article. 

references 
1. Evans & Jessop. VHF UHF Manual, (RSGBI, 1982, page 8.16. 
2. George Hatherell, "Double-stub Tuner for 1296 MHz." hum radio, 
December. 1978, page 72. 
3. Jim Dietrich. "Twin-diode Mixer - A New Microwave Mixer." ham radio, 
October, 1978, page 84. 
4. Norman J. Fool. "Multipurpose Voltage-tuned UHF Oscillator." hum radio, 
December. 1980, page 12. 

ham radio 

J.I.L. SX-400 
Uninterrupted 

Frequency 
Coverage 

»00 kW.- to 1400 MH; 
with Optional Comerfofi. 

i 

• A professional ly created scanner lor the ser ious l istener 
• Wide frequency coverage 26 l o 520 MHz (wi th opt iona l 

converters 100 KHz to 1400 MHz) 
• Con t inuous coverage. You' l l hear everything. 
• Bircfie-Free. no internal ' s igna ls ' to interfere w i th scanning 
• 20 Channel memory. AM-FM Mode memory. Prior i ty memory 
• Carrier Operated Relay (COR) permits au tomat ic star t /s top of a 

recorder 
« Four low-noisc front end converters lor op t imum per formance 
• 12 Volt DC operat ion (120 Volt AC power supply opt ional ) 
• Check J IL 's ad in th is issue for further deta i ls 

Sale Price $549.95 List S739.90 I ' / V 
P-1A Power Supply S34.9S 
Other options call ^ HOT SUMMER SPECIAL 

$499.95 

EEB 
Electronic Equipment Bank 
516 Mill Street 800-368-3270 
Vienna, Virginia 22180 "" m (703)938-3350 
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trade off power 
for antenna gain at VHF? 

These computer programs 
simplify calculations 

and help you decide 

If you operate at VHF or UHF frequencies and 
would like to find the most cost-effective way to in-
crease your range — or if you have $100 to spend but 
don't know whether to invest it in higher power, more 
antenna gain, or a taller tower — a few minutes at your 
computer can give you projected communications 
ranges for any combination you wish to try. While pro-
grams shown in fig. 1 and 2 are written for 
Commodore-64 and Texas lnstruments-99/4A com-
puters, respectively, they can be easily converted, us-
ing BASIC, for use on other microcomputers. Both 
free space range (for satellite communications) and 
range over real earth are given. 

propagation curves 
Although propagation curves have been available 

for about 40 years, most hams have either not been 
aware of them or have not known how to use them. 
The classical curves developed by Bell Labs cover fre-
quencies from 200 kHz to 600 MHz, distances of 0.5 
to 1000 miles, and are arranged in six sections cover-
ing propagation over sea water, good soil, and poor 
soil for vertical and horizontal polarizations.' Typical 
inputs and outputs are expressed in terms of 1 kW 
transmitted from a grounded vertical antenna and units 
of field strength in dB above 1 microvolt per meter, 

however, and one must be wise in the ways of antenna 
conversions to use them. Predictions are also com-
plicated at HF, where antennas are usually located 
within a few wavelengths of ground, because actual 
antenna directivity and efficiency are directly affected 
by soil conductivity. 

Propagation predictions at VHF and UHF are more 
straightforward because antennas at these frequen-
cies are usually mounted many wavelengths above 
ground. At these frequencies the communications 
range is essentially independent of polarization used 
and soil type for antenna heights of 100 feet or more, 
and variations of not more than 3 or 4 dB are to be 
expected at heights of 25 feet. Based upon these facts 
(and other assumptions), the ESSA curves are useful 
for frequencies above 100 MHz.2 

The computer programs described below utilize data 
taken from selected curves in reference 2. After you 
enter operating frequency, receiver sensitivity, 
transmitter power, and antenna heights and gains, the 
programs calculate your expected communications 
range. A typical output from the Commodore-64 pro-
gram is shown in fig. 1A. 

C-64 program description 
This section describes the program as written for 

the Commodore-64 because the machine is very pop-
ular among hams and because the program contains 
the most features. (Similar versions for other com-
puters, with fewer features, will be described later.) 
In the Commodore-64 program shown in fig. 1, line 

By Lynn A. Gerig, WA9GFR, RR #1, Monroe-
ville, Indiana 46773, and Joseph R. Hennel, 4316 
Winston Drive, Ft. Wayne, Indiana 46806 
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fig. 1. Communications range calculation program for the Commodore 64. 

2 GOSUB SOO 
10 P R I N T C L * | P R I N T " W V U H F PROPAGATION PROGRAM 
12 P R I N T l P R I N T " FOR THE COMMODORE 6 4 
14 P R I N T l P R I N T " V I . O C 1 9 9 4 BY 
16 P R I N T l P R I N T " LYNN A . 6 E R I G 
2 0 F O R J - l T O I O l P R I N T l N E X T 
2 2 P R I N T ' T O CHANGE BORDER, SCREEN, OR LETTER 
2 4 P«IWT"COLORS, PRESS B , S , OR L , RESPECTIVELY. 
2 6 P R I N T l P R I N T * T O E X I T TO PROGRAM, PRESS <RETURN>. 
3 0 G E T A » | I F A * - " " T H E N 3 0 
3 2 I F A * - " B « T H E N P 0 K E 3 3 2 8 0 , ( P E E K < 3 3 2 0 0 1 A N D 1 5 ) - M 
3 4 I F A * - " 8 " T H E N P O K E 3 3 2 « l , < P E E K ( 3 3 2 B l ) A N D 1 3 ) » l 
3 6 X F A * - " L " T H E N P O K E 6 4 6 , ( P E E K ( 6 4 6 ) A N D 1 9 ) + 1 I 6 0 T 0 1 0 
3 8 I F A * - C H R * I 1 3 ) T H E N 9 0 
4 0 G 0 T 0 3 0 
3 0 P R I N T C L « " T H I S PROGRAM W I L L CALCULATE EXPECTED 
5 2 PRINT"RANGES FOR VHP ( 1 0 0 - 1 7 3 I H Z I AND UHF 
3 4 P R I N T " ( 2 2 3 - 3 0 0 MHZ) FRE0UENC1ES. APPROXIMATE 
3 6 PR INT"DYNAMIC RANGE 2S FOR PATH LOSSES OF 125 
3 6 P R I N T ' T O 2 0 0 DB, COVERING MOST APPL ICAT IONS 
60 PRINT"FQR RCVR SENS ,3 TO 10 MICRO-VOLTS AND 
6 2 PR1NT"XMTR POWER OF 1 TO 1 0 0 0 WATTS. PROGRAM 
6 4 PR I N T " COVERS ANTENNA HEIGHTS FROM 2 3 FT TO 1 0 0 , 0 0 0 F T . 
7 0 P R I N T l PRINT-PROGRAM DEFAULTS TO RCVR BENS AND XMTR 
7 2 PRINT"PWR I N DBH. WOULD YOU RATHER WORK WITH 
7 4 P R I N T " M I C R 0 - V 0 L T 8 AND WATTS ( Y - Y E S ) " | 1 INPUT 0 * 
lOO P R I N T C L * " P R E S S <V> FOR VHF OR <U> FOR U H F " i P R I N T 
1 0 2 GETF* 
1 0 4 I F F » - " V " T H E N P R I N T "ENTERING VHF D A T A " l G 0 8 U B 2 0 0 0 i G O T 0 2 0 0 
1 0 6 I F F * - " U " T H E N P R INT "ENTERING UHF DATA" 1 6 0 B U B 3 0 0 0 1 6 0 T 0 2 0 0 
1 0 8 S Q T 0 1 0 2 
199 I 
2 0 0 P R I N T l G O S U B 6 O O 1 R E M SELECT FREQUENCY 
2 0 3 P R I N T | S Q B U B 7 0 0 | R £ H SELECT XMTR PWR I , RCVR BENS 
2 1 0 P R I N T l G08UB900 |REM 8ELECT ANTENNA GAINS 
2 1 3 PRINTlGOSUBBOOlREM SELECT ANTENNA HEIGHTS 
2 2 0 I 
3 0 0 P R I N T C L * F * " H F PROPAGATION! FREQ - " F - M H Z 
3 0 2 P R I N T l P R I N T " TRANSMITTER POWER OUTl " P D l T A B ( 3 0 > | "OBM 
3 0 4 P R I N T T A B ( 2 2 ) P W | T A B ( 3 0 ) "WATTS" 
3 0 6 P R I N T l PR I NT "RECEIVER S E N S I T I V I T Y ! "RD | TAB ( 3 0 ) "DBM 
3 0 8 P R I N T T A B ( 2 2 ) R M T A B ( 3 0 ) " U V 
3 1 0 P R I N T ! PRINT'LOWER ANTENNA I " G L " D B I S ' H l " F T 
3 1 2 PRINT-UPPER ANTENNA I " G U " D B I 8 * H 2 ' F T 
3 1 4 P R I N T l P R I N T " C O A X I A L L I N E LOSSES I " L L " D B 
3 2 0 P L - P D - R D + 6 U + G L - L L 
3 2 2 D F - P L - 3 7 - 2 0 » L O G ( F ) / L O G H O ) 
3 2 4 D F - 1 0 A ( D F / 2 0 ) i D F - I N T ( D F + . 9 ) 
3 2 6 P R I N T ) P R I N T P L " D B PATH 
3 2 8 P R I N T - F R E E SPACE PATH - " D f ' M I L E B 
3 3 0 P L — P L — 2 0 * L 0 G ( F / F 1 ) / L O G ( 1 0 ) I P R I N T 
3 3 2 IFPL<P1THENPRINT"RANGE NOT I N PROGRAMI < " 8 1 " M I L E S 
3 3 4 I F P L < P I T H E N P R I N T T A B ( 2 3 ) " < " D 1 " ( N A U T M I I " | 6 0 T 0 4 0 0 
3 3 6 IFP i .>P9THENPRINT"RANGE NOT I N PROGRAM I > « S 3 " M I L E S 
3 3 8 I F P l > P S T H E N P R I N T T A B ( 2 3 > " > " D 3 " (NAUT M I I " | G 0 T 0 4 0 0 
3 6 0 IFPL>-P1ANDPL<P2THEN D N - D 1 » ( D 2 - D 1 ) » ( P L - P I > / ( P 2 - P 1 ) 
3 6 2 IFFL> -P2ANDPL<P3THEN D N - D 2 » ( D 3 - D 2 ) « < P L - P 2 ) / ( P 3 - P 2 ) 
3 6 4 IFPL>-P3ANDRL<P4THEN D N — D 3 + ( D 4 — D 3 ) • ( P L - P 3 ) / ( P 4 - P 3 ) 
3 6 6 IFPL>-P4ANDPL<P3THEN D N - D 4 * ( D 3 - D 4 ) » ( P L - P 4 ) / ( P 3 - P 4 ) 
3 6 8 D 8 - I N T ( D N * 1 . 1 3 1 + . 3 ) | D M - I N T ( D N * . 3 > 
3 7 0 PRINT-MAXIMUM EXPECTED RANGEI " D S " M I L E S 
3 7 2 P R I N T T A B ( 2 4 ) D N " ( N A U T M I ) 
4 0 0 P R I N T l P R I N T i P R I N T L L * 
4 0 2 P R I N T - G - M O D I F Y ANT GAINS R-RUN AGAIN 
4 0 4 P R I N T - H - M O D I F Y ANT HEIGHTS P - P R I N T E R DUMP 
4 0 6 P R I N T - X - M O D I F Y R / T SENS/PWR O - O U I T 
4 0 8 P R I N T - F - N E W FREQ (SAME B A N D ) " ! 
4 1 0 F 0 R J - 1 T 0 1 0 | 6 E T A » I N E X T 
4 1 2 G E T A * I I F A * - " " T H E N 4 1 2 
4 1 3 I F A * - " P " n C N 4 3 0 
4 1 4 P R I N T l P R I N T 
4 1 3 I F A * - " R " T H E N 1 0 C 
4 1 6 I F A * - " 0 " T H E N 8 Y S 6 3 1 2 6 
4 1 8 I F A * - » G " T H E N G O S U B 9 0 0 l G O T 0 3 0 0 
4 2 0 IFA»-"H"THENGOSUB80OlGOTO3OO 
4 2 2 I F A » - " X " T H E N G O S U B 7 0 0 i G O T 0 3 0 0 
4 2 4 I F A * - " F " THENG0SUB6001GOTOSOO 
4 2 6 G 0 T 0 4 1 2 
430 REM SCREEN DUMP TO PRINTER 
4 3 2 0 P E N 3 , 3 | 0 P E N 4 , « | P R I N T H 0 * | I P R I N T < M | P R I N T » 4 , L L * 
4 3 4 F 0 R J - 0 T 0 7 3 9 | G E T * 3 , A * | P R I N T « 4 , A * | i N E X T i P R 1 N T M , L L « 
4 3 6 C L 0 S E 4 1 C L 0 S E 3 I F O R J - 1 T 0 3 | P R I N T l N E X T i G O T 0 4 1 2 
3 0 0 H 0 » - C H R * ( 1 9 ) l C L » - C H R « < 1 4 7 > ! D » - " N " l D I M H * ( 1 3 , 1 3 ) l D I M H ( 1 3 ) 
3 0 2 H < l ) - 2 3 i H ( 2 ) - 3 0 l H t 3 > - 1 0 0 t H ( 4 > - S O O l H ( 3 > - 1 0 0 0 l H < 6 > - 2 0 0 0 
3 0 4 H ( 7 > - 3 0 0 0 i H ( 8 ) - 1 0 0 0 0 l H < 9 > - l 3 0 0 0 l H ( 1 0 > - 2 0 0 0 0 l H t l l > " 3 0 0 0 0 
3 0 6 H ( 1 2 ) - 4 0 0 0 0 1 H ( 1 3 ) " 6 0 0 0 0 1 H ( 1 4 ) - 8 0 0 0 0 1 H ( 1 3 ) - 1 0 0 0 0 0 
SOS L L * - " " 
3 1 0 RETURN 
6 0 0 P R I N T "FREQUENCY I N MHZ ( " F L " - " F U " ) " | 11NPUTF 
6 0 2 IFF<FLORF>FUTHENAOO 
6 0 4 RETURN 
7 0 0 I F D » - " Y " T t « N I N F U T " INPUT XMTR POWER ( I N WATTS) " | P W l G 0 T 0 7 1 0 
7 0 2 I N P U T " I N P U T XMTR POWER ( I N D B M ) " | P D 
7 0 4 P W - ( P D - S O ) / 1 0 | P W - 1 0 ~ P W 
70A r F P W > - 1 7 H E W W - l N T ( P W » 1 0 * . 9 > / l O # G O T D 7 2 O 
7 0 8 I F P N < l T H E N P W - I N T ( P W « 1 0 0 O * . 3 > / 1 0 0 0 l G 0 T 0 7 2 0 
7 1 0 PD-10«L0G<PW) / L 0 e U 0 > + 3 0 i P D - I N T ( P D * 1 0 « - . 3 > / 1 0 
7 2 0 1FD*—Y"THENINPUT»RCVR S E N S I T I V I T Y ( I N MICRO-VOLTS) » | R M | G O T 0 7 3 0 
7 2 2 INPUT"RCVR S E N S I T I V I T Y I I N D B M ) " | R D 
7 2 3 2FRD>0THENPRINT"< 1 MW I S A W G A T 1 V E N U M B E R " • 6 0 T 0 7 2 2 
7 2 4 R M - ( R D * 1 0 7 ) / 2 0 | R M « 1 0 ~ R M 
7 2 6 1FRM>-1THEN R M - I N T ( R H « 1 0 - > . 3 > / 1 0 I 8 0 T 0 7 4 0 
7 2 8 l F R t K l T H E N R M - I N T ( R M « I O O * . S ) / 1 0 0 I 6 0 T 0 7 4 0 
7 3 0 R D - 2 0 « L 0 6 ( R H ) / L a 6 ( 1 0 ) - 1 0 7 i R D - I N T ( R D » 1 0 * . 3 ) / 1 0 
7 4 0 RETURN 

BOO REM ANTENNA HEIGHTS 
8 0 2 PR INTCI .4 -CH008E ANTENNA HEIGHTS BY SELECTING 
8 0 4 PR I NT "NUMBERS FROM THE FOLLOWING MENU"! P R I N T l P R I N T 
8 0 6 P R I N T - 1 2 3 ' 6 - 2 0 0 0 ' 11 - 3 0 0 0 0 ' 
SOB P R I N T - 2 " 3 0 ' 7 - 3 0 0 0 ' 1 2 - 4 0 0 0 0 ' 
8 1 0 P R I N T - 3 - 1 0 0 ' 8 - 1 0 0 0 0 " I S - 6 0 0 0 0 ' 
8 1 2 P R I N T - 4 • 3 0 0 ' 9 - ISOOO' 14 - 8 0 0 0 0 ' 
B 1 4 P R I N T - 3 - 1 0 0 0 ' 10 - 2 0 0 0 0 ' 13 - 1 0 0 0 0 0 " 
S 2 0 P R I N T l P R I N T 
8 3 0 INPUT-SELECT HEIGHT OF LOWER A N T E N N A " ! H I 
8 3 2 ( W U T - S E L E C T HEIGHT OF UPPER ANTENNA* |H2 
B 3 4 I F H K 10RH2< 1GRH1 >130RH2>13THENPRINT"N0T I N MENU" I G 0 T C S 3 0 
B 3 6 I F H l > H 2 T H E W R I N T " L 0 N E R AND UPPER REVERSED" I G 0 T 0 B 3 0 
8 4 0 H * - H * ( H l , H 2 ) l H l - H ( H l ) l H 2 - H ( H 2 > 
8 3 0 P 1 - V A L ( M I D * ( H « , 1 , 3 ) ) I D l - V A L ( M I D X H * , 4 , 3 ) ) 
8 3 2 P 2 - V A L ( M I D * ( H * , 7 , 3 ) ) | D 2 - V A L ( M I D * ( H * , 1 0 , 3 ) ) 
B 3 4 P 3 - V A L ( M I D * ( H « , 1 3 , 3 ) ) i D 3 - V A L ( M I 0 * ( H * . 1 6 , 3 ) I 
8 3 6 P 4 - V A L ( M 1 D » ( H » , 1 9 , 3 ) ) I D 4 - V A L ( M 1 D » ( H * , 2 2 , 3 ) ) 
S 5 8 P 3 - V A L ( M I D * ( H * , 2 3 , 3 ) ) I D 3 - V A L ( M I D * ( H « , 2 8 , 3 ) ) 
8 6 0 S l - I N T C D l t l . 1 3 1 * . 3 ) 
S 6 2 S 3 - I N T ( D 3 » I . 1 3 1 * . 3 ) 
8 7 0 P R I N T C L * I RETURN 
9 0 0 I W » U T " 6 A I N OF LOWER A N T 6 W » ( I N D B I I " l G L 
9 0 2 I N P U T - G A I N OF UPPER ANTEIWA ( I N D B I ) " | G U 
9 0 4 I N P U T ' C D A X I A L L I N E LOSSES ( I N D B ) " | L L 
9 0 6 RETURN 
2 0 0 0 F l - l 2 3 l F L - 1 0 0 i F l ^ I 7 3 l R E H V W DATA 
2 0 0 S H * ( 1 , 1) > " 1 4 0 0 1 0 1 6 0 0 2 9 1 7 0 0 3 8 1 7 * 0 0 0 2 2 0 3 4 0 
2 0 1 0 H * ( 1 , 2 ) - " 1 3 3 0 1 0 1 * 0 0 3 0 1 7 0 0 4 4 1 7 3 0 6 0 2 2 0 3 * 0 
2 0 1 3 H*< 1 , 3 ) - " 1 3 0 0 1 0 1 6 0 0 3 7 1 7 0 0 0 9 1 7 9 0 7 9 2 2 9 3 8 0 
2 0 2 0 M ( 1 , 4 1 - " 1 1 7 0 1 0 1 * 2 0 * 0 1 7 0 0 7 3 1 7 3 1 0 0 2 2 3 4 0 8 
2 0 2 3 H » ( 1 , 3 ) — 1 1 3 0 1 0 1 * 9 0 7 0 1 * 9 0 8 0 1 7 3 1 0 0 2 2 0 4 1 8 
2 0 3 0 H * ( 1 , 6 ) 1 0 3 0 1 0 1 3 8 0 8 0 1 7 0 1 0 0 1 7 3 1 2 0 2 2 3 4 2 3 
2 0 3 3 H * ( 1 , 7 ) " " 1 0 0 0 1 0 1 4 0 0 0 9 1 7 0 1 3 0 1 7 7 1 * 0 2 1 8 4 0 0 
2 0 4 0 H * ( 1 , 8 ) - " 1 1 8 0 * 0 1 3 2 1 0 0 1 7 0 1 * 0 1 7 * 1 8 0 2 1 3 4 0 0 
2 0 4 3 H * ( 1 , 9)."1231001301*01731931832*0210400 
2 0 9 0 H * ( 1 , 1 0 ) - " 1 2 * 1 2 0 1 4 3 1 7 0 1 * 3 2 0 0 1 7 3 2 1 3 2 1 3 4 3 0 
2 0 0 9 H * ( 1 , 1 1 ) — " 1 3 0 1 * 0 1 9 0 2 1 0 1 7 7 2 9 0 1 0 * 3 2 0 2 1 0 4 4 0 
2 0 * 0 H * ( 1 , 1 2 ) • " 1 2 8 1 0 0 1 9 0 2 4 0 1 7 7 2 0 0 1 0 0 3 * 0 2 1 0 4 7 0 
2 0 * 9 H * ( 1 , 1 3 ) - - 1 2 S 2 2 0 1 4 9 2 0 0 1 7 0 3 3 0 1 S 0 4 0 0 2 1 0 0 1 0 
2 0 7 0 H»< I , 1 4 > - - 1 3 2 2 7 0 l 9 0 3 3 0 i 7 7 3 * 0 t 0 9 4 4 0 2 1 0 9 0 0 
2 0 7 9 H * ( 1 , I B ) - " 1 3 2 3 0 0 1 3 0 3 4 3 1 7 8 4 1 0 1 8 9 4 8 0 2 1 0 9 8 0 
2 0 0 0 H * ( 2 , 2 ) 1 2 0 0 1 0 1 9 0 0 3 0 1 * 0 0 4 0 1 7 0 0 * 0 2 1 0 3 0 0 
2 0 0 9 HS< 2 , 3 ) • " 1 2 0 0 1 0 1 9 0 0 3 2 1 * 8 0 0 0 1 7 9 1 0 0 2 1 0 3 1 0 
2 0 9 0 H * ( 2 , 4 ) - - 1 1 0 0 1 0 1 9 0 0 * 0 1 * 7 0 0 0 1 0 3 1 0 0 2 0 0 3 0 0 
2 0 9 9 H * ( 2 , 3 1 - " 1 0 0 0 1 0 1 * 0 0 7 3 1 * 8 1 0 0 1 8 0 1 7 0 2 0 7 3 2 0 
2 1 0 0 H * ( 2 , 6 ) - " 1 1 0 0 3 0 1 * 3 0 9 0 1 7 0 1 2 0 1 8 3 2 0 0 2 0 8 3 4 0 
2 1 0 9 H * ( 2 , 7 ) - " 1 1 9 0 0 0 1 3 3 0 0 0 1 * 2 1 2 0 1 * 0 1 4 0 2 1 0 3 7 0 
2 1 1 0 H * ( 2 , S ) - " 1 2 0 0 9 0 1 4 8 1 4 0 1 6 3 1 6 0 1 7 0 1 7 3 2 1 0 4 0 0 
2 1 1 3 H * ( 2 , 9 ) - - 1 2 3 1 2 0 1 9 0 1 * 9 1 7 0 1 9 9 1 0 0 2 * 0 2 1 0 4 2 0 
2 1 2 0 H * ( 2 , 1 0 ) - - 1 2 3 1 4 0 1 4 0 1 7 0 1 7 1 2 1 3 1 0 0 3 0 0 2 1 0 4 4 0 
2 1 2 9 H * ( 2 , 1 1 ) • " 1 3 0 1 8 0 1 4 9 2 1 9 1 7 1 2 9 0 1 0 2 3 2 0 2 0 0 4 4 0 
2 1 3 0 H * ( 2 , 1 2 ) - " 1 3 0 2 1 0 1 3 0 2 9 0 1 7 3 2 8 3 1 0 9 3 * 0 2 1 1 3 0 0 
2 1 3 9 H * ( 2 , 13 ) - - 1 3 0 2 9 9 1 9 0 3 0 0 1 7 4 3 3 9 1 0 7 4 2 0 2 0 * 0 1 0 
2 1 4 0 H * < 2 , 1 4 ) - - 1 3 0 2 9 0 1 0 0 3 4 0 1 7 3 3 7 0 1 9 0 4 7 0 2 0 0 9 * 0 
2 1 4 9 H * ( 2 , 1 0 ) - " 1 3 3 3 4 0 1 9 0 3 7 9 1 7 4 4 1 0 1 0 9 4 0 0 2 0 0 * 0 0 
2 1 9 0 H * ( 3 , 3 > — - 1 2 9 0 1 9 1 9 9 0 4 9 1 * * 0 * 9 1 7 4 1 2 0 2 0 3 2 0 0 
2 1 3 9 H * ( 3 , 4 ) - " 1 1 3 0 2 0 1 9 2 0 6 0 1 * 3 0 0 0 1 7 7 1 6 0 2 0 3 3 0 0 
2 1 * 0 H * ( 3 , 9 ) - " 1 1 0 0 2 0 1 9 2 0 7 0 1 * 9 1 0 0 1 9 3 2 * 0 2 1 0 3 9 9 
2 1 * 9 H » ( 3 , * ) - - l 1 0 0 3 0 1 3 0 0 0 0 1 * 4 1 1 0 1 9 9 2 7 9 2 0 9 3 * 0 
2 1 7 0 H * ( 3 , 7 ) - - 1 1 9 0 * 0 1 4 0 1 0 0 1 * 4 1 3 9 1 9 * 3 0 0 2 1 1 4 0 0 
2 1 7 9 H * ( 3 , 9 > - " 1 2 9 1 1 0 1 9 0 1 6 0 1 * 7 1 7 9 1 0 4 2 7 0 2 0 4 3 0 0 
2 1 8 0 H * ( 3 , 9 ) - " 1 2 3 1 3 0 1 4 0 1 6 0 1 6 3 1 9 3 1 7 2 2 2 0 2 0 3 4 1 0 
2 1 8 9 H * ( 3 , 1 0 ) — " 1 2 9 1 9 0 1 3 9 1 7 0 1 * 9 2 1 9 1 7 2 2 4 0 2 0 9 4 3 0 
2 1 9 0 H 9 ( 3 , l l ) - - 1 2 9 1 0 0 1 4 S 2 2 0 1 * 8 2 9 0 1 7 3 2 0 0 2 1 0 S O O 
2 1 9 9 H » ( 3 , 1 2 ) • - 1 3 0 2 2 0 1 3 8 2 4 0 1 * 9 2 0 0 1 7 9 3 2 0 2 0 3 4 0 0 
2 2 0 0 H * < 3 , 1 3 1 - " 1 3 0 2 7 0 1 4 3 3 0 0 1 * 0 3 2 0 1 7 0 3 4 0 2 0 3 3 2 0 
2 2 0 9 H * ( 3 , 1 4 ) - - 1 3 9 3 2 0 1 * 9 3 7 0 1 7 9 4 0 0 1 0 0 4 4 0 2 0 3 9 * 0 
2 2 1 0 H * ( 3 , 13 ) • " 1 3 3 3 9 9 1 * 3 4 0 0 1 7 9 4 3 9 1 7 0 4 * 0 2 0 4 * 0 0 
2 2 1 9 H * ( 4 , 4 ) — " l 1 0 0 3 0 1 9 0 0 0 0 1 9 9 0 9 9 1 * 9 1 2 0 2 0 4 3 3 0 
2 2 2 0 H * ( 4 , 3 ) — - 1 1 3 0 4 9 1 9 1 0 9 0 1 * 0 1 1 0 1 7 0 1 9 0 2 0 4 3 4 0 
2 2 2 3 H»< 4 , * > • * 1 1 * 0 6 0 1 9 9 1 1 0 1 * 1 1 2 9 1 7 * 2 0 0 2 0 4 3 9 0 
2 2 3 0 H * ( 4 , 7 ) — - 1 2 3 1 0 0 1 3 6 1 4 3 1 * 3 1 * 9 1 9 0 2 9 9 2 1 0 4 2 0 
2 2 3 3 H * ( 4 , 8 ) - - 1 2 3 1 3 3 1 3 7 1 0 0 1 * 9 2 0 0 1 9 9 3 9 0 2 1 0 4 9 0 
2 2 4 0 H * ( 4 , 9)--1301701*02101*0239199400210900 
2 2 4 3 H * ( 4 . 1 0 ) - - 1 3 0 1 9 0 1 3 8 2 2 3 1 * 8 2 * 0 1 9 3 4 0 0 2 1 0 4 9 3 
2 2 9 0 H * ( 4 , 1 1 ) — 1 3 0 2 2 9 1 6 0 2 6 0 1 7 0 2 9 9 1 8 4 3 7 9 2 0 9 4 8 9 
2 2 9 9 H * ( 4 , 1 2 ) - - 1 3 9 2 * 0 1 * 0 2 9 4 1 * 9 2 2 0 1 0 3 4 0 0 2 0 3 9 0 0 
2 2 * 0 H 9 ( 4 , 1 3 ) — " 1 2 9 1 8 0 1 2 9 3 0 0 1 * 3 3 9 0 1 7 2 3 8 0 2 0 2 9 4 0 
2 2 * 9 H * ( 4 , 1 4 ) — - 1 2 9 1 0 0 1 3 0 3 4 0 1 * 2 3 8 9 1 7 3 4 2 0 2 0 9 * 0 0 
2 2 7 0 H » ( 4 , 1 3 ) - - 1 2 9 1 0 0 1 3 2 3 0 0 1 * 3 4 3 0 1 7 4 4 * 0 2 0 4 6 2 0 
2 2 7 3 H * ( 3 , 3 ) — " 1 1 * 0 * 3 1 4 4 0 9 0 1 3 9 1 1 0 1 * 9 1 4 0 2 0 3 3 4 0 
2 2 0 0 H * ( 9 , 6 ) — - 1 2 0 0 0 0 1 4 9 1 1 0 1 * 0 1 3 9 1 7 0 1 0 0 2 0 4 3 * 0 
2 2 8 3 H S ( 3 , 7 ) - - 1 2 9 1 2 0 1 4 9 1 4 0 1 9 0 1 * 0 1 * 9 1 0 0 2 0 3 3 0 0 
2 2 9 0 H * ( 9 , 8 ) - - 1 2 3 1 9 0 1 9 0 1 8 0 1 * 2 2 0 0 1 * 7 2 1 9 2 0 2 4 0 0 
2 2 9 3 H * ( 3 , 9 ) - - 1 2 9 1 7 4 1 9 0 2 0 9 1 * 0 2 2 0 1 * 9 2 3 4 2 0 1 4 2 0 
2 3 0 0 H * ( 3 , l O ) — " 1 2 7 2 0 0 1 3 0 2 2 3 1 3 9 2 4 0 1 6 6 2 6 0 2 0 0 4 3 3 
2 3 0 3 H * ( 3 , 1 1 ) — " 1 2 9 2 3 3 1 9 9 2 6 9 1 6 0 2 7 9 1 6 3 2 0 * 2 0 2 4 0 0 
2 3 1 0 H « ( 3 , 1 2 ) — " 1 2 9 1 8 0 1 2 8 2 6 6 1 6 0 3 0 9 1 6 7 3 2 3 2 0 1 S O O 
2 3 1 9 H * ( 3 , 1 3 > - - 1 2 3 1 8 0 1 3 0 3 1 3 1 3 7 2 3 0 1 * 8 3 7 4 2 0 0 3 4 0 
2 3 2 0 H * ( 3 , 1 4 ) — - 1 2 8 2 6 0 1 3 1 3 3 3 1 9 0 3 8 0 1 6 8 4 1 0 2 0 3 * 0 0 
2 3 2 3 H * ( 9 , 1 3 ) - " 1 2 8 2 * 0 1 3 2 3 9 9 1 6 0 4 3 0 1 7 0 4 3 S 1 9 9 6 0 0 
2 3 3 0 H * ( 6 , 6 ) - " 1 2 3 1 0 0 1 3 0 1 3 0 1 6 0 1 3 0 1 6 8 1 8 0 2 0 0 3 3 0 
2 3 3 3 H * ( 6 , 7 ) — " 1 2 2 1 3 0 1 4 9 1 6 0 1 6 0 1 8 0 1 7 0 2 2 0 2 0 0 3 7 3 
2 3 4 0 H * ( 6 . 8 > - " 1 2 S 1 6 6 1 9 4 2 0 0 1 6 0 2 1 0 1 6 B 2 4 0 2 0 0 4 0 3 
2 3 4 3 H * ( 6 , 9 ) — " 1 2 3 1 9 0 1 3 0 2 2 0 1 6 0 2 3 3 1 6 8 2 6 9 2 0 0 4 3 0 
2 3 9 0 H * ( 6 , 1 0 ) — " 1 2 6 2 1 2 1 9 0 2 4 0 1 6 0 2 6 0 1 6 7 2 7 9 2 0 0 4 4 3 
2 3 9 9 H * ( 6 , 11 ) — " 1 2 9 2 9 0 1 9 3 2 8 0 1 6 3 3 0 0 1 7 0 3 2 9 2 0 0 4 8 0 
2 3 6 0 H * ( 6 , 1 2 ) — " 1 2 3 1 8 O 1 2 9 2 8 3 1 3 O 3 0 6 1 6 6 3 3 3 2 0 O 3 I 0 
2 3 6 9 H * ( 6 , 1 3 ) — - 1 2 9 1 B O 1 3 0 3 3 0 1 9 9 3 6 0 1 6 B 3 9 0 2 0 S 9 9 0 
2 3 7 0 H * ( 6 , 1 4 ) - - 1 2 7 2 2 0 1 3 1 3 7 0 1 3 3 4 0 3 1 6 9 4 3 0 2 0 9 * 2 0 
2 3 7 9 H * ( * , 1 9 ) - - 1 2 7 2 2 0 1 3 2 4 1 0 1 9 9 4 4 0 1 * 8 4 6 9 2 0 0 * 2 9 
2 3 8 0 H * ( 7 , 7 ) — " 1 2 9 1 * 9 1 9 0 1 9 9 1 * 0 2 1 0 1 6 9 2 4 0 2 0 0 4 0 0 
2 3 8 9 H * ( 7 , 8 ) — - 1 2 9 2 0 0 1 4 3 2 2 0 1 9 7 2 4 0 1 6 6 2 6 0 2 0 0 4 3 0 
2 3 9 0 H * ( 7 , 9 ) - - 1 2 7 2 2 3 1 3 9 2 6 0 1 6 4 2 8 0 1 7 0 3 0 0 2 0 0 4 6 0 
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2393 M8< 7 ,10 > - " 128230133200164300170320201460 
2400 H*( 7, 11)—"I30283130310160323166340200310 
2403 H6I 7, 12)-"123180129313130340167370200333 
2410 Ht< 7,13)-"127230130363136373170423200360 
2413 H6C 7,14)—"127230132403138440170463200620 
2420 H*C 7,13)—"127230133443133470170300200630 
2423 M < S, 8) - " 129233133263163280168300200460 
2430 M«< B, 9) — " 13026013329016030016B320203300 
2433 H»< B,10>-"1302B0133310164330169330200303 
2440 M9 t 8,11>-M1303201S0340162360170363200340 
2449 H » l 8 , 1 2 ) - " 123180131330137360170410200363 
2430 H»< a , 13>-"12318013239916043S170460200603 
2489 H*< 8,14)—"127230133440136470170300200630 
2460 H»< 8 , 13>--12723013347316091017333320S720 
2449 H*( 9, 9>—H130290143303137320166340200903 
2470 H*< 9,10)- -130309139340169360170373203360 
2473 H*t 9,11)-"130343136373167400173430209393 
2460 M9< 9,12>>-12318013137413S403170440200390 
2463 H*( 9,13)-"127240132423139460170463201640 
2490 H*< 9,14)-*130320133463160303170323200673 
2499 H»< 9,13)-"130320133300160340173380200710 
2900 H*tlO,10>- I1291B0130330163380173413202360 
2909 H4C10, 1 1 ) - " 129100132370133393170430203613 
2S10 H*<10,12)-"137230132393160433173473203*40 
2919 H9I10,13)-"129260133430133473172310201660 
2920 H»(10,14)-"130300133490133313172390209723 
2929 H*(10,1S>-'13030013432316S37017*62020S760 
2930 H « ( H , 11)—" 123160133400160440173480203630 
2939 H8 < 1 1 , 1 2 ) - " 13030013343313346017290020S673 
2S40 H*<11,13>—130300134469169930180960209723 
2949 H9(11,14)-"130300133323160360173600203760 
2990 H 6 < l l , 1 9 > —130300139960163603160633203600 
2999 H 9 < 1 2 , 1 2 ) - " 130300133460163303173340203700 
2960 H6<12,13>-M30300134919167960177600209790 
2363 H4< 12, 14)-"130300130033163600176640210620 
2970 M«<12,13)-"130300133390160623173660203623 
2973 H4 <13, 13 ) - " 13030013S360162600173633200760 
2360 H9(13,14)-"130300133603160633173673200603 
2963 H»(13,13)-"130300136640161673177713200640 
1990 H6 (14, 1 4 ) - " 130300136643170700163760206900 
2999 «•< 14, 1 3 ) - " 130300137669162720177760210940 
2600 M»< 13, 1 3 ) - " 130300137720163760179600210960 26io ncTum 
3000 F1-300|FL-223|FU-900|KWI u t r DATA 
3009 M6< 1, 1)-"142010170030176090162100223313 
3010 H»< 1, 2 ) - " 136010130020170033176060220300 
3019 H6< 1, 3)-"130010130023170043176060213273 
3020 H»< I , 4)-"129020166099176070160123210260 
3029 H6( 1, 3)-"120020163063173060163133210270 
3030 H » ( 1, 6>-"127040143060170063177100213303 
3039 H*( I , 7)-"127060140060174120176130210303 
3040 H*( 1, 6 ) - " 126063140110176133160166200260 
3043 H9< I , 9 ) - " 132120143143173160161190200300 
3090 H*< 1,10)-"133143130170173193160210213400 
3099 H6< 1,11)-"133173143200177233161243200333 
3060 H*( 1,12)-"140220130233173263163260200360 
3063 H»< 1,13)-"1402601302631603201B3330200430 
3070 H»< 1 , 1 4 ) - " 140300130323179360163370200463 
3073 H « ( 1,13>-"140333131360160393167410200900 
3060 H«< 2 , 2)-"132010133030166040173060213260 
30S3 H « ( 2 , 3)-"123010130030164043173070213260 
3090 H*( 2 , 4 ) - " 120020169060170070173090210270 
3099 H6< 2 , 3 ) - " 120030163070171060173096210260 
3100 H6< 2 , 6)-"120040137060167090173100210290 
3109 H8< 2 , 7)-•129070140090170129176139210320 
3110 H*< 2, 8 ) • • 131110140129170199176179209320 
3113 H » ( 2 , 91••139139191160170180177190209340 
3120 H6I 2,10>-"I33160130I60170203174220203360 
3129 H»C 2,11)-"140200143210173240160233203400 
3130 H6( 2 , 12)-"140230147240172270160269209423 
3139 H*( 2 ,13)140273146290173320161333200443 
314© H6< 2,14)-"137306146330173363164360200460 
3149 H*< 2, 19)--139330190370179399164420197900 
31 SO H6C 3 , 3)- -120010140023160043170060203240 
3139 H9( 3, 4 > - " l 18020160060170079163140210260 
3160 H9 ( 3 , 31 - • 120030160070167060173100209260 
3169 HS< 3 , 6>-'122030199060166100173120210300 
3170 H6( 3 , 7)-"130060199110170130173149210329 
3179 H*( 3 , 8 ) - " 133120166160173170177160210360 
3160 H6< 3, 91-"132140166160173193160220210360 
3189 H*< 3,10 ) - -132160149ia0169200177220210400 
3190 H6 < 3 , 111 - "139200190220170249177299219460 
3199 H*( 3 , 1 2 ) - • 133230190290173260160300210460 
3200 H9< 3,13)-"138260130300172320160343210300 
3203 H « ( 3,141 139320130340170360160360210340 
3210 H6C 3,19>—• 140339139360172400160413210960 
3219 H»< 4 , 41 - "120040139070169069173119209263 
3220 H8< 4, 9)-"129093193060167100179129210309 
3223 H6« 4 , 61-M1290721371001701Z0160160210313 
3230 H9( 4 , 7)-"128103160133170130176160210343 
3239 M8{ 4 , 8 )132149199169166180177200219400 
3240 H*( 4 , 9 ) - " 133170138190172210160240210393 
3249 H « ( 4 , 10) ••139192169219179240160260210420 
3290 H»< 4,11 ! - • 139229169299179279160290210490 
3299 H*l 4* 121 •• 136260160260172293160320213900 
3260 H9( 4 , 13) —• 140310199329170340160369210920 
3263 H»< 4,14)••140392160370171389180206210960 
3270 H*< 4 , 1 3 ) - " 140390134400170420160240210390 
3279 H*< 3 , 3)•• 124069160100171120177140210310 
3260 H8< 3 , 6)-"127063160113170130178160206300 
3289 H*( 9 , 7 )•" 130113160144170160177180210390 3290 H9( 3, 6) —• 132190139170166190176206210360 
3299 H » ( 9 , 9)•• 133173199200170219179230210400 
3300 H9t 3 , 1 0 ) - " 133200136220170233176260210423 
3309 H«< 9,11)- -133232161260173280179300210499 3310 H»( 3, 12> - •136269160290171303160330210463 
3319 H9( 9,13) - I 1393201603401743601603602I0930 
3320 H9I 3 , 141 "* 140360160380174400180413210360 

3600 H* 3610 RETURN 

40394169420179436182499210600 
28103149120166140176166210340 
32133199160170179177199210360 
3417013619017121017B230211400 
34193161220170232177290211420 
36220160240171233179280211440 
38234169280173299179319210470 
37289199300170319178340211900 
38330163360174379181393210940 
40373164400173419181430210980 
43413167440176433184480210610 
32163163200173220180240203363 
39203136220170240180270210420 
36230160230170269180299210449 
30130133243163273176300210460 
31140137166166313178339210499 
33200138313163343180373210323 
33200139366170400182430212960 
39240140410170440180469210610 
33240140443163470160493210640 
30140133233163260180300210430 
30140136299169290177310210470 
30140137280163310178340203470 
30140138320169346178370210920 
33240138330168380179409210990 
39240139400170430180499210600 
33240140445170470180493210640 
37300141480170910182940210670 
32160137286169320183360210300 
32160138310169340183360210313 
39240138347170380180409210990 
33240139373163400182440210979 
33240140423170460181489210620 
39240141469170900181929210660 
38340142909169930181960210699 
39240138330167360180390210930 
39240138370166400160429206960 
39240139399170430182460210999 
39240140446170480189920210640 
37300141490170320180343210680 
37300142923170999189999210719 
39240140409169430180499210600 
39240140430169460181490210630 
37300141909172920183990210670 
37300142928172960189990210719 
38300143969170992189630210790 
40400141469179909184930210*60 
40400142919172990187990210709 
40400143999169980189620209740 
40400143990179639186670210780 
36360142969170999186630210799 
38360143608170640189670210790 
38360144649178690191730210830 
40420143647170660189710210830 
40420144686170719188799210870 
40400149720170790190800210900 

VHF PROPAGATION! FREQ - 146.5 MHZ 
TRANSMITTER POWER OUTl 44.8 

30 
DBM 
WATTS 

RECEIVER SENSITIVITYl -110.7 DBM 
.65 UV 

LOWER ANTENNA l 
UPPER ANTENNA t 

12.4 DBI • SO FT 
7.3 DBI • 100 FT 

COAXIAL LINE LOSSES 1.6 DB 
173.8 DB PATH 

FREE SPACE PATH 47224 MILES 
MAXIMUM EXPECTED RANGE I 105 MILEB 

91 (NAUT MI) 

G-MODIFY ANT GAINS 
H-MODIFY ANT HEIGHTS 
X-MODIFY R/T SENS/PWR 
F-NEW FREQ (SAME BAND) 

R-RUN AGAIN 
P"PRINTER DUMP 
Q-QUIT 

fig. 1A. Typical output from Commodore-64 program. 

2 sends you to a subroutine (lines 500-510) where 
arrays are dimensioned and certain variables are estab-
lished. The actual program begins with line 10. 
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Lines 10 through 40 display the program title on the 
screen and provide the opportunity to select any com-
bination of screen, border, and letter colors — assum-
ing, of course, that you're using a color monitor — 
that you find pleasing. You're not stuck with the light 
blue and dark blue default colors of the Commodore 
64. (This option is not included in the other versions.) 
In lines 50-74 you choose whether to work with 
receiver sensitivity and transmitter power in microvolts 
and watts or in dBm (decibels relative to 1 milliwatt). 
This is for your convenience only; the program will 
convert either type input to the other and display both 
as an output. In lines 100-108 you select either VHF 
or UHF as your operating band, and the appropriate 
data is read (VHF data lines 2000-2610 or UHF data 
lines 3000-3610). 

Actual program inputs for range calculations begin 
at line 200 where you are sequentially sent to 
subroutines for selecting frequency, transmitter and 
receiver parameters, antenna gains, and antenna 
heights. 

The subroutine in lines 600-604 asks for a specific 
operating frequency within the band you selected. 
Actual VHF data is for 125 MHz, and UHF data is for 
300 MHz, but the program scales to your actual oper-
ating frequency by a 20 x Log (F/F ref) factor in line 
350 to show propagation variations within a given 
band. 

The subroutine in lines 700-740 asks for receiver 
sensitivity and transmitter power output. The units are 
either microvolts and watts or dBm, depending on 
which you selected in line 74. Your input is converted 
to both units which will be displayed later. 

The subroutine in lines 900-906 asks for antenna 
gains in dBi. This is gain in dB relative to an isotropic 
antenna. If your antenna gain is known relative to a 
dipole, add 2.15 dB. For example, an antenna with 7.5 
dB gain referenced to a dipole (dBd) has a gain of 9.65 
dBi. You are next asked to enter any system losses, 
such as coaxial line losses. 

Actual antenna heights are selected in the subrou-
tine from lines 800-870. The data tables from lines 
2000 to the end of the program contain propagation 
information for specific antenna heights, so you must 
choose a discrete value closest to your actual antenna 
height. For example, if your antenna height is 40 or 
60 feet, use menu item 2, which is 50 feet. If you select 
antenna heights of 50 feet and 100 feet (menu items 
2 and 3), the program then selects H$ (2,3) data for 
these heights from line 2085 or 3085 depending on 
whether you are operating at VHF or UHF. The string 
manipulation in lines 850-858 will be described later. 

The actual program output to the screen is per-
formed in lines 300-426. A sample output was shown 
in fig. 1A. The operating frequency is printed, fol-
lowed by XMTR output in dBm and watts and RCVR 

sensitivity in dBm and ^v. The antenna gains and 
heights selected are then printed followed by the 
losses selected. The next item printed is the system 
path margin in dB, followed by the free space path 
loss in miles. (This is the distance over which you could 
communicate if it were not for the earth's curvature, 
useful in determining whether or not you can reach 
your favorite satellite.) Finally, the range over real earth 
is printed in both statute and nautical miles. The range 
given is the expected range for normal conditions; 
actual range will be affected by atmospheric condi-
tions, terrain, and other factors. 

One of the features of this program is that you can 
experiment with changes in a single parameter without 
having to re-enter all previous inputs. Note the menu 
at the bottom of the screen (see fig. 1A). Would you 
like to see how much further you could communicate 
if you raised your antenna from 25 to 50 feet. Just 
press " H " on the keyboard and you will be asked for 
new antenna height (subroutine at line 800 from line 
420), and the new range for that height will be instantly 
displayed. With a few keystrokes you can easily com-
pare expected improvements in range from changes 
in antenna height, antenna gain, power output, and 
other factors. If you have a printer, just press "P" and 
lines 430-436 will give you a screen dump to it. 

data format 
The data in the lines following line 2000 are taken 

from the E S S A Technical Report mentioned in 
reference 2; there are about 100 pages of curves with 
up to 17 curves per page in that document. The pro-
grams store selected data points from various curves, 
and they construct "piece-wise linear" equations fit-
ting the original curve as nearly as possible. For the 
curious, the following is a detailed explanation of the 
data manipulations. Assume you have selected VHF 
and antenna heights of 50 and 100 feet. Logical break-
points in the E S S A curves are 10 miles for a 120 dB 
path, 32 miles for a 150 dB path, 50 miles for a 165 
dB path, 105 miles for a 175 dB path, and 310 miles 
for a 210 dB path. Now look at line 2085 and note that 

H$(2,3) = "120010150032165050175105210310". 

The first three digits (120) store the first path point; 
the next three digits (010) store the first distance point; 
the third three digits (150) store the second path point; 
the fourth three digits (032) store the second distance 
point, and so on. The last three digits (310) represent 
the last mileage point. After antenna heights are 
chosen (lines 800-832), the appropriate data line is 
divided up into five path points and five distance points 
by string manipulation in lines 840-858. 

After the program calculates your system path mar-
gin (lines 320 and 350) from the various inputs, the 
program path is compared to the data points described 
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above. If it is less than the smallest or greater than 
the largest, a "Range Not In Program" message is 
printed (lines 352-358). If the path margin falls be-
tween the data endpoints, the program calculates ex-
pected range by assuming a straight line between the 
nearest two points stored (lines 360-366), and the 
expected range is printed to the screen. 

entering the program 
Enter the program as listed, taking the normal pre-

cautions to SAVE it before you RUN it so that if you 
make a typing error that could cause a lock-up, you'll 
be able to go back to the saved version without having 
to retype the entire program. 

As listed, the program contains data statements for 
altitudes to 100,000 feet (includes air-to-ground and 
air-to-air data for you aeronautical mobile enthusiasts.) 
If you plan to use the program only for ground-to-
ground communications, you can omit any data state-
ments with H$(x,y) array subscripts greater than 4. For 
example, for VHF data including antenna heights of 
25, 50, 100, and 500 feet, you need to type only lines 
2000-2020, 2080-2090, 2150-2155, 2215, and 2610. Just 
don't try to select a height (lines 800-832) for which 
you didn't enter any data. 

If you don't want to keystroke the Commodore-64 
program yourself, send a blank tape or formatted disk 
with a stamped, self-addressed tape or disk mailer, and 
a check or money order for $5.00 to Lynn A. Gerig, 
R. R. #1, Monroeville, Indiana 46773, and two verified 
copies will be made for you. A similar program — 
ground-to-ground only, with some other features miss-
ing — that has been "crunched" to fit within the 3.5K 
memory of an unexpanded VIC-20 is available under 
the same terms. (A printed listing of any programs 
described is available for $1 and a self-addressed 
envelope with two first-class stamps attached.) 

TI-99/4A program 
Except for lines 22-40, which poke screen and let-

ter colors to appropriate memory locations, the 
Commodore 64 program described above has nothing 
particularly unique to that machine, and can easily be 
converted to run on other computers using BASIC. 
Subtle differences between machines, however, make 
certain conversions necessary. For example, although 
the Commodore clears the screen with a "PRINT 
CHR$(147)", some other brands use "CALL CLEAR" 
or some other command. In addition, some computers 
will not permit the use of multiple statements on a 
single BASIC line number. 

A program for the TI-99/4A is listed in fig. 2. 
Because this computer has only 16K of memory, and 
the complete program requires about 20K of RAM, 
separate VHF and UHF programs are required, and not 

fig. 2. Communications range calculation program for 
the TI-99/4A. 

10 G08US 222 
12 CAU. CLEAR 
14 PRINT T U ( 3 ) | " V H F PROPASATION f T O H W I " 
14 PRINT 
15 PRINT TAB (7) | "FOR T « T I - 9 9 / 4 A " 
20 PRINT 
22 PRINT TAB (14) | -BY" 
24 PRINT 
26 PRINT TAB(9) f " J - R . H O * « L " 
28 FOR DELAY"! TO 1000 
30 NEXT DELAY 
32 SOTO 34 
34 CALL CLEAR 
36 PRINT " T H I S PROGRAM MILL CALCULATE" 
3 1 PRINT "EXPECTED RANEES FOR VHF <100" 
40 PRINT " - 1 7 9 HHZI FREQUENCIES. A P - " 
42 PRINT "PROXIMATE DYNAMIC RANGE I S " 
44 PRINT "FOR PATH LOSSES OF 129 TO" 
46 PRINT " 2 0 0 DB, COVERING MOST A P - " 
48 PRINT "PLICATIONS FOR RCVR SENSI - " 
30 PRINT " T I V I T I E S FROM . 3 TO 10 M I C - " 
32 PRINT "ROVOLT AND XMTR PNR OF 1 TO" 
94 PRINT "lOOO MATTB. THE PROGRAM " 
9 * PRINT "COVERS ANTEWM HEIGHTS FROM" 
98 PRINT " 2 3 FT TO 4 0 , 0 0 0 FT. PROGRAM" 
60 PRINT "DEFAULTS TO RCVR SENS AND" 
• 2 PRINT "XHTR PNR I N DBM. MOULD YOU" 
64 PRINT "RATHER MORK MITH MICROVOLTS" 

PRINT "AND MA7TS? (Y -YES) " 
68 I W U T D» 
70 SOSUB 2003 
72 GOSUB 238 
74 GOTO 76 
76 PRINT 
78 GOBUB 266 
80 PRINT ma gosub 40a 
84 PRINT 
86 G08UB 32S 
88 PRINT 
90 CALL CLEAR 
92 PRINT " VHF PROPAGATION! • 
94 PRINT TAB(3) | " FREQUENCY " | F | T A B < 2 4 > | "MHZ" 
96 PRINT • TRANSMITTER PONER OUT I • 
I B PRINT TAB (3) | " " " | P D | T A 8 ( 1 0 ) | "DBM » " | P M | TAB(24) | "MATTB" 
IOO PRINT - RECEIVER BENBIT IV ITY i " 
102 PRINT T A B ( 3 ) | " * " | R D | T A B ( 1 0 ) t "DBM - " | R M | T A B ( 2 4 ) I " U V " 
104 PRINT - LONER ANTENNA!" 
106 PRINT TAB(3) | " • " | S L | T A B (10) | "OBI 8 " | H l | T A B ( 2 4 ) | " F T " 
108 PRINT • UPPER ANTENNA!" 
110 PRINT TAB(3) | " • " | S U | T A B ( 1 0 ) | "OBI S " |H2 |TAB(24> | " F T " 
112 PRINT " COAXIAL L INE LOSSCBi" 
114 PRINT T A B ( 3 ( , — " | U . ( T A » ( 1 0 ) , " 1 > B " 
116 PL-PD-RD+8U*GL-LL 
115 0 f -PL -37 -2OU.OG!F> /LOG( lO> 
120 DF<"10-(DF/20) 
122 DF- INT<DF* .9> 
124 PRINT T A » ( 3 ) | P L | " 0 » " | T A S < 1 « ) | " P A T H " 
126 PRINT • FREE (PACE P A T H - " | D f I TAB(24) I ' M I L E B " 
128 P L - P L - 2 0 « L O G < F / F l ) / L 0 6 ( l 0 ) 
130 PRINT 
132 I F PL<P1 THEN 134 ELSE 136 
134 PRINT "RANGE NOT I N PROGRAMi < " | B 1 | "R ILES" 
136 I F PL<P1 T X N 138 ELBE 142 
138 PRINT T A B ( 2 3 ) | " < " | D 1 | " ( N A U T M I ) -
140 GOTO 176 
142 IF PL>PS TtCN 144 ELBE 146 
144 PRINT "RANSE NOT IN PROGRAMi > " | S 3 | "MILES" 
146 I F PL>P9 T)EN 148 ELSE 192 
148 PRINT TAB (23) | " > " | D 9 | " (NAUT M I ) " 
ISO GOTO 176 
132 I F (PL>- f> l )« (PL<P2)THEN 134 ELGE 136 
194 D*M)1+ (D2—D1 ) • ( P L - P I ) / (P2-P1 > 
196 IF (PL>"P2) • (PL<P3)THEN 198 ELSE 160 
198 DN"D2*(D3-D2) • (PL-R2) / (P3-P2) 
160 I F ( P L > - P J > « ( P L < P 4 ) T « N 162 ELSE 164 
162 D N » D 3 + ( D 4 - D 3 ) » ( P L - P 3 ) / ( P 4 - P 3 ) 
164 I F < P L > - R 4 ) a ( P L < P 9 ) T « N 166 ELSE 168 
166 DN-04 -» (09 -04>« (PL -P4 ) / (P3 -R4> 
165 DB- IHT tON«1 .131* .3> 
170 DN-INTIDKH-.S) 
172 PRINT " MAXINUM EXPECTED RANGE!" 
174 PRINT TAB(3) | "<"" |DB| TAB(12 ) ) "MILES - " | D « l T A B (24) | "N M I " 
176 PRINT L L « 
178 PRINT " G-MOD ANT GAIN R-RIM AGAIN' 
ISO PRINT " H-MOD ANT HT F«4*N PREQ" 
182 PRINT " X-MOD R/T SEN8/PNR 0 - Q U I T " 184 INPUT A* 
186 I F » TWN 184 
188 PRINT 
1 * 0 PRINT 
192 I F A 6 - - R - THEN 72 ELBE 194 
194 I F A * - " S " TIEN 196 ELSE 198 
196 END 
198 I F A 6 - " G " THEN 200 ELSE 204 
200 SOSU* 408 
202 GOTO 90 

204 I F A * - » H " THEM 206 ELSE 210 

2 0 8 SOTO 90 
210 I F A » - " X " T M N 212 ELBE 216 212 MSUB 266 
214 SOTO 90 
216 I F A * - " F " THEN 218 

222 CALL CLEAR 
224 D * - " N " 
236 DIM H * ( 1 2 , 1 2 ) 
228 SIM HI 12) 
230 H < » - 2 S 
232 H I 2 1 - S 0 
234 M l 3 ) " I O O 
236 H ( 4 ) - 3 0 0 
238 H ( 9 ) - 1 0 0 0 2*0 H(6)"2000 
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242 H(7)-3COO 
2*4 H<9)-I0000 24* H(B)-13000 
248 HI 101 -20000 290 H01)-30000 292 H(12)-40000 294 294 RETURN 29B print • Ficaracr in mi <ioo-i7s>• 2*0 INPUT " "»F 2*2 IF <F<FL1»(F>FUIT«N 298 2*4 RETURN 2** IF D4--V' T*CN 2*8 ELK 272 2M INPUT -1WVT KHTR PMR UN HATTB) "|P« 270 SOTO 2*2 272 IWUt "IWUT XHTR PGMER (IN DBM) • "|PD 274 PRINT 27* PU-(PD-30)/10 27* PW-10-PM 2*0 IF PH>-1 TICN 282 ELBE 29* 292 PtMNT(PIMl0*.3>/t0 294 GOTO 29* 29* IF PtKl TI«N 288 
2sa P#-1 NT (PM« 1OO*.3) / lOO 2*0 BOTO 249 
2V2 PD-lOiLOG <PM)/L06(10)*SO *»4 PD-INT(PDllO*.3> /tO 2V* PRINT 2TO IF D»-"V" THEN 300 ELBE 304 300 INPUT " RCVR BENS (IN HICROVOLTB) "|RH 302 BOTO 322 304 INPUT "RCVR SENSITIVITY (IN DM) •IRD SO* RM-(RD*107>/20 308 R»MO~AM 310 IF RM>-1 TICN 312 ELBE 31* 312 Rf̂ INT(RMf 10*.3)/10 314 GCTd 32* 31* IF RfKl GOTO 31B 319 RM-lNT(AfM100*.S) /lOO 320 BOTO 32* 322 RD-20ILP6(KM)/LOG(101-107 324 RIH1NT(RD«10*.31/10 32* RETURN 
329 REM ANTD9M HEIGHTS 
330 CALL CLEAR 332 PRINT -CHOOSE ANTEW4 HEIGHTS BV" 334 PR1NT "SELECTING NUMBER FROM TIC1 
33* PRINT "FO.LOM1N6 NENU" 
339 PRIHT 340 PRINT 342 PRINT "1- 23' 3- 1000* B- 13000'" 3*4 PRINT "2" 90' *» 2000 '10- 20000" 34* PRINT -3- lOO' 7- SOOO' 11 - 30000'" 349 PRINT "4- 300' B- lOOOO' 12- 40000'" 
390 PRINT 392 PRINT 
394 IITUT "SELECT HEI6HT OF LHR ANTENNA! "iHl 39* PRINT 
3B9 1WMT "SELECT HEIGHT OF UPR AMTEtMA " |H2 3*0 PRINT 
3*2 IF (H1<1)•(K?<1)•(HI>12)*(H2>12)TICN 3*4 ELSE 3*8 3*4 PRINT "NOT IN MENU" 
3** GOTO 394 3*8 IF HI >H2 TtCN 370 ELBE 374 370 PRINT " LONER AND UPPPER REVERSED" 372 BOTO 394 374 HCB—HB (HI ,H2I 37* Hl-H(Hl) 379 M2-4KH2I 
390 PI—VAL(SKG*(HC«,1,3)1 
392 D1-VAL(SEB*(HCB,4,3>> 384 P2-"VAL(SEG*(HC*.7,3>> 
39* D2—VAL(BEBB(HC*.10,31> 399 P3-VAL (BEG* (HC*, 13,3)1 
3fO D3—VAL (BEGB (HCB, 1*,3) I 3*2 P4—VAL(BEBB(HC*.IB,3)) 3»4 D4—VAL(888*(HCB,22,3)) 3** P9—VAL(BBB*(HC*.29.3) I 
399 D8-VAL<S«e*(HCB,2S,3>> 400 Bl—INT (01 tl. 151*.3) 402 89—INT(D9tl.131*.3) 404 CALL CLEAR 40* RETURN 
409 PRINT " GAIN OF LNR ANT (IN DBI)|-410 1WUT " " iGL 
412 PRINT 
414 PRINT " SAIN OF UPR «KT (IN D8I) 1" 41* IM*UT • "tGU 419 PRINT 420 INPUT "COAXIAL LINE L099E8 (IN DB> "ILL 
422 RETURN 424 Fl—129 42* PL—100 
429 F1M173 430 REM VHF DATA 

all the altitudes used in the Commodore program will 
fit. 

To devise a VHF program for your TI-99/4A, enter 
the program listed in fig. 2. A t the end of program, 
type the VHF data statements (lines 2005-2610) listed 
in the Commodore version (fig. 1). Since the data 
statements are the same for all versions, they are not 
listed again in fig. 2. However, because the Tl memory 
is too small for the complete program, only altitudes 
to 40,000 feet should be included. Do not enter data 

lines with H$(x, y) subscripts of 13, 14, or 15. For ex-
ample, do not enter lines 2065-2075, 2135-2145, etc. 
Refer to the previous section if you want only a short 
ground-to-ground version. 

For a UHF program for your Tl, use the program 
listed in fig. 2, making the following changes: 

• In lines 14, 34, and 430, change "VHF" to "UHF. " 

• In lines 38 and 426, change "100" to "200." 

• In lines 40 and 428, change "175" to "500." 

• In l ine 70, change "GOSUB 2005" to "GOSUB 
3005." 

• In line 258, change "100-175" to "200-500." 

• In line 424, change "125" to "300." 

Now add the UHF data statements (lines 3005-3610) 
listed in the Commodore version (fig. 1), again 
deleting the data above 40,000 feet. Again for this pro-
gram, only those data statements with H$(X,Y) sub-
scripts of 1, 2, 3, and 4 need to be entered if you are 
interested in ground-to-ground calculations only. 
" If you don't want to type the Tl programs yourself, 
send a blank tape — no disks — with stamped, self-
addressed tape mailer, and a check or money order 
for $5.00 to Joe Hennel, 4316 Winston Drive, Ft. 
Wayne, Indiana <«jijub. 

using the programs 
The program must be used with caution. Each pro-

vides ranges over average terrain for which com-
munications can be expected 50 percent of the time. 
Obviously you won' t be able to communicate as far 
through dense jungle or through mountainous areas, 
so some common sense must be used. However, the 
programs are very useful for determining relative 
changes in anticipated range due to modifications to 
receivers, transmitters, and antennas. 

When entering receiver and transmitter parameters, 
use power output (not input) at the transmitting end, 
and sensitivity at the receiving end. For example, if 
you are running a full kW, and your friend is running 
only 10 watts, he may be able to hear you without your 
being able to hear him. 

Feel free to contact either of the authors — at their 
addresses given at the opening of this article — with 
questions or comments about the programs; only let-
ters with an SASE enclosed will be answered. 

references 
1. Propagation Curves, Report 966-6C, National Defense Research Commit-
tee 15. Bell Telephone Laboratories, Inc.. Issue3. October, 1944 (declassified 
to OPEN status March 8, 1946). 
2. ESS A Technical Report ERL I11-ITS79, Transmission Loss Atlas for Select 
Service Bands from 0.125 to 15.5 GHz, Institute for Telecommunication 
Sciences, Boulder Colorado, May, 1969. (Available for $1.25 from Superinten-
dent of Documents, United States Government Printing Office, Washington, 
D. C. 20402.) 
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a 432-MHz, 1500-watt 
amplifier 

An 8938 triode 
in a coaxial cavity 

provides maximum 
output power 

This article describes an amplifier that uses an 8938 
coaxial triode in a commercially available cavity 
assembly, and is conservatively rated for CW and SSB 
operation at 1500 watts output on 432 MHz. A driver 
capable of 100 watts output is required. With proper 
cavity adjustment, efficiency of over 50 percent and 
power gain of 12 dB are readily obtainable at high out-
put levels. Construction is straight-forward. 

The complete amplifier assembly (fig. 1) consists 
of three units: the RF section, the metering and con-
trol unit and the power supply. These units are inter-
connected by cables, using MHV type connectors and 
RG-59 cable for the high voltage and C-J (Cinch 
Jones) connectors with appropriate low voltage 
cables. The heater wires in the low voltage cables must 
use a conductor large enough to provide at least 4.55 
volts at the cavity terminals. 

This type of construction provides maximum flex-
ibility. Each unit can be located in the most favorable 
position for its particular function, thereby simplify-
ing maintenance. 

RF section 
The cavity assembly (fig. 2) is mounted on a chassis 

measuring 10 inches (25.4 cm) wide, 17 inches (43 cm) 
long and 5 inches (12.7 cm) high, supported by metal 
stand-offs at the four corners of the upper plate of the 
cavity. A square opening to match the size of the EMI 
filter mounted on the bottom of the cathode cavity 
is cut into the chassis. Holes to match the four mount-
ing holes for the EMI filter are drilled through the 

fig. 1. Front view of amplifier assembly. 

fig. 2. Cavity assembly {photo courtesy of E/MAC Varian). 

By F. J. Merry, W2GIM, P. 0. Box 546, 35 High-
land Drive, East Greenbush, New York 12061 
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fig. 3. Top view of cauity with tube installed. The screws with 
washers are the support screws for the top cabinet. The 
double line section for measuring forward and reverse RF 

„ power output is visible on the right. 

chassis (fig. 3). The cavity is thus mounted to the 
chassis by four screws into the standoffs at the four 
corners of the cavity top plate and four screws com-
ing up through the bottom of the chassis and through 
the EMI filter. 

The blower (265 CFM) is attached to a mounting 
plate (figs. 4, 5) fastened to the rear of the chassis. 
A hole to match the blower output size is cut into the 
mounting plate and the chassis. No screen is required 
over the chassis air input since the EMI filter performs 
this function. An air switch is mounted in the output 
air stream of the blower. 

An auxiliary blower (55 CFM), shown in f ig. 6, is 
mounted on top of a small cabinet measuring 4 x 5 
x 6 inches (10.2 x 12.7 x 15.2 cm). The bottom 
plate of this cabinet is not used. The cabinet is 
mounted on top of the insulating ring of the cavity 
using four of the six insulating ring mounting screws. 
These four mounting screws are replaced with slightly 
longer screws to permit a secure mounting while 
avoiding any protrusion into the cavity. A hole is 
punched'in the top cover of the cabinet to match the 
fan blade diameter. The blower is mounted to the top 
cover by securing it with adhesive to felt strips around 
the periphery of the blower. These felt strips have an 
adhesive backing that provides secure fastening to the 
cabinet top. (Care must be exercised to trim the strips 
so that the fan blade will not catch on the felt.) The 
blower is mounted, of course, so that the air stream 
flows upward. 

The cabinet discussed protects users from the high 
voltage to the anode of the 8938. The MHV type con-
nector is mounted on a small box on the rear of the 
cabinet. The 0.001/4 kV feedthrough capacitor and 
a small screw fasten the small box to the cabinet. The 
feedthrough capacitor is positioned slightly above the 
level of the tube anode. A five-turn, 1 /4-inch diameter 
(1-inch long) RFC is connected between the capacitor 
and the anode connecting clip. 

fig. 4. Rear and left side view. Air switch mounted on blower 
is visible. Also blower connections. The upper control on the 
cavity is the tuning control. Below it is the RF input and load 
control. Next below is the cathode tuning control. 

fig. 5. Rear and right side view. The double line section is 
visible, attached to the cavity RF output connector. Above 
it is the cavity load control. Just in front of the large blower 
are the heater cathode terminals on feedthrough capacitors. 
The high voltage MHV connector mounted on the small box 
on the upper cabinet is also in view. 

fig. 6. The top view with the auxiliary blower removed shows 
the HV connection to the tube through an RF choke. Also 
shown is the method of mounting the small upper chassis 
box to the cavity. (Don't be confused by the wood block used 
to support the cavity for the picture.) 
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fig. 7. Front view of control unit. Note that the amplifier is 
in operation with 1500 watts output at 1-ampere plate current 
and 6-mA grid current. 
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fig. 8. Rear view of control unit. 

fig. 8. Left side of control unit with cover off. 

Three C-J connectors are mounted on the rear of 
the chassis (fig. 4). The cable from the blower is 
shown plugged into a four-conductor C-J connector. 
This cable furnishes 120 VAC to the blower motor and 
provides connection to the air switch. The 120 VAC 
is bridged to a two-conductor C-J connector to fur-
nish power to the auxiliary blower. The other four-
conductor C-J connector, to the right of the blower 
connector, connects to the RF power output forward 
and reverse RF meter elements of the double line sec-
tion, which is connected to the RF output connector 
on the cavity. The output connector On the cavity is 
of the HN type. A right-angle HN adapter connects 
and supports the double line section, which is equip-
ped with an HN type QC connector. The RF output 
connector on the line section may be either HN or N, 
with HN recommended. The eight-conductor low vol-
tage connector is also visible on the rear of the chassis. 
The interior of the chassis is vacant except for the wir-
ing to the C-J connectors. The small openings in the 
chassis at the corners are sealed with plastic tape to 
prevent air leakage. 

control unit 

The control unit (figs. 7, 8) is assembled in a cabinet 
measuring 7 x 8 x 10 inches (17.8 x 20.3 x 25.4 
cm). The circuitry is divided into sections mounted on 
individual terminal boards as follows: 

• metering and stand-by bias switching control on a 
two-section board; 

• high voltage failure protection on two single-section 
boards, one mounted over the other; 
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fig. 10. Left side of control unit view from rear. 

• 12 V D C supply on a single board. 

The two 50-watt zeners are mounted on brackets 
secured to the rear of the cabinet. One of the zeners 
is visible in fig. 9 and 10. The other is obscured behind 

fig. 11. Power supply. The control locations marked B IAS . 
COIMT and SCR are not used in this application. The BLOWER 
outlet is also not used since the two blowers on the amplifier 
chassis are powered over the cable connector marked LV. 

fig. 12A. Power supply schematic. 
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the 12 VDC board. Two 13-volt zeners in series pro-
vide the 26-volt cathode bias. 

The mounting of the meters and switches on the 
front panel and the connectors on the back may be 
observed from the photos. Meter scales are as follows: 

• plate current 0-3 amperes 

• grid current 100 milliamperes 

• plate voltage 10 kilovolts (read plate voltage by 
depressing non-locking switch next to the meter) 

• heater voltage 0-10 volts AC 

• RF output 2500 watts forward, 250 watts reverse 
(read reverse by depressing non-locking switch next 
to the meter) 

The small toggle switch on the front panel at the 
lower right (fig. 11) prepares the circuitry for opera-
tion of the power relay in the power supply. When 
depressed, the non-locking push-button switch above 
the power switch causes the power relay to energize 
the power supply. As the blower comes up to speed, 
the air switch engages and locks the power relay up 

after the release of the push-button switch. The 
amplifier is thus protected from air supply failure. 

Note: the schematic (fig. 12B) shows the transistor 
connected through a 15-megohm resistor to the high 
voltage line. When high voltage is present, this tran-
sistor conducts, activating its associated relay. When 
this relay is energized, operating bias is applied to the 
amplifier through another relay which is powered on 
by a closure to ground of the control jack during 
transmit. The high voltage portion of this circuitry pro-
tects the 8938 tube in case excitation is applied and 
high voltage is not on. 

The metering and other protective features are stan-
dard for a grounded grid triode amplifier and may be 
observed by analyzing the schematic. 

power supply 
The power supply (figs. 11 and 12A) is capable of 

providing 1 ampere at about 3000 volts CCS (continu-
ous commercial service). The voltage doubling circuit, 
with a net of about 25 nF of filter capacity, has three 
protective resistors: 10-ohm 50-watt diode protection. 
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25-ohm 50-watt output short circuit protection, and 
a 500-ohm 25-watt from negative to chassis for safe-
ty. The rest of the circuitry can be easily determined 
from a review of the schematic. 

Power supply parts are mounted in a 17 x 10 x 
3 inch (approximately 43 x 25 x 7 cm) steel chassis 
with a ventilated cover. The transformer should have 
a 3 kVA rating ICAS (intermittent continuous Amateur 
service). The unit shown in fig. 11 weighs a bit over 
50 pounds, or 22.68 kilograms. 

operation 

To power up the amplifier, place the two power 
supply circuit breakers in the on position. Place the 
power switch on the control unit in the on position. 
Push the non-locking push-button switch on the con-
trol unit in and hold until the blower comes up to 
speed. Release the push-button switch and allow a 
minimum of three minutes warm-up time. Check plate 
voltage by placing the switch near the grid current 

meter in its non-locking position. Observe the heater 
voltage. Because of voltage drop between the con-
trol unit and the cavity, it will read (typically), 6.5 VAC 
when the voltage at the cavity terminals is 4.6 The 
reading of the heater voltage at the control unit will, 
obviously, vary with the length of cable between the 
two units. This irregularity can be avoided by providing 
a pair of wires in the cable to connect the cavity ter-
minals directly to the voltmeter (see fig. 12C). 

The amplifier requires a driver capable of providing 
100 watts, a control cable, and a dummy load that can 
handle 1500 watts at this frequency. The amplifier is 
now ready to be tested. 

After warm-up, apply the control signal (ground) but 
do not apply drive to the amplifier. Observe an idling 
current of about 0.125 ampere. With a drive power 
of 10 to 15 watts, adjust the cathode tune and load 
controls for a rise in plate current. Do not exceed 0.5 
to 0.75 ampere of plate current during preliminary 
tests. Next, adjust the plate cavity tune and load con-

fig. 12C. Cavity and blower schematic. 
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trols for an indication of output power. From this point 
on, the usual format of amplifier adjustment is fol-
lowed. Optimize the load and tune controls as the drive 
power is increased until 1500 watts of output is ob-
tained at nominal plate current. The reverse RF power 
on the drive side of the amplifier will be close to zero. 
Typical readings at 1500 watts output are as follows: 

• drive power, 100 watts 

• plate voltage, 2800 

• plate current, 1.00 ampere 

• grid current, 6 milliamperes 

With these readings, the efficiency is 54 percent and 
the power gain is about 12 dB. 

It is suggested that adjustments to the plate cavity 
be made in steps with the drive power off. The mount-
ing of the RF unit should be done in such a manner 
that the plate cavity cannot be inadvertently contacted 
by the body during operation. 

The tests on this amplifier had to be limited to a 
maximum of 2 minutes (key down) because my 
dummy load was rated at one kW dissipation. How-
ever, a few very short "shots" of higher drive power 
showed outputs of up to 2500 watts. Dick Frey, 
W2SZ/1, super-VHF/UHF contester of Mount Grey-
lock, Massachusetts, said, during one of the tests, 
"Man, there's an amplifier that sez 'gimme more!'" 
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micros and VHF beacons 
transmit messages automatically 

Tied to beacons, 
micros find best times 

to dump data and 
predict best times 

for data transmission 

Like many other Amateurs, I purchased a home 
computer several years ago. I started with a VIC-20 
and now have several VIC-20 and Commodore 64 
computers. My machines have been used for many 
applications, including several in the hamshack. 

For high-frequency work, the availability of Bob 
Rose and Associates' "MINIMUF" program has been 
a blessing.1 Many others have written improvements 
to the basic algorithm that make it even more versatile. 
But except for some simple programs for calculating 
repeater coverage and such, the use of computers in 
VHF propagation studies has been largely ignored. 

radio link for program exchange 
My brother Jon, WB9YJC, an electrical engineer-

ing student, has been bitten by the computer bug too, 
and uses both a VIC-20 and Atari 400 in his Amateur 
activities. Because we often work on developing pro-
grams together, but live 70 miles (112 km) apart, we 
found program exchange by mail much too slow, and 
telephone communication too expensive. A 2-meter 
data link seemed a likely way to solve the problem of 
keeping in touch. 

Here in the Midwest, this would seem to be a 
reasonable solution. But other considerations — parti-
cularly antenna height limitations — can make the 
2-meter data link more difficult than it might initially 
appear to be. 
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OPEN 2, 2 - 3, CHR3 '. 128- > T7=37136 : T9=37138 FPI NT " n" PPIHT"ENTEP TIME"'INPUT Tit'PRINT "IT ftt="" GOTO 200 
POKE T9, PEEK < T9 > 0R32' POKE T7. PFFK < T7 ')ffl<Ti32 POP X=1 TiltH00:NEXT 
PRIHT*2-" HE KTWVZ BEACON SPRINGFIELD.- "; 
PRINT*?. • ILL TRANSMITTING FOP PROPAGATION STUDY" -PRINT*? , " ll*ll*l.l*l.l*U*U*U*U*U*U*U*U*U*IH»U*IJ*" -I Mumw l*U*.U*U*U*U*U*U*U*U*U*U*U*"; HE KZSWVZ DEACON SPPIHOFIELIl ILL ftp" Fflp -=1TO12000-NEXT Z PflKF T«-fi;GOTO 120 GET*?,Pi IF A*=""THEN 200 PRINT TI«-
GET42. Bf ; IF fl*-C-""THEN 220 GOTO 1.30 
REM *'•»***•«****»*** 

PPINT#2 
PRINT#2, 11 

REM * 
REM * "KERCHUNK" 
REM * <C> 13*5 
REM * -JIM DRUMS 
PFM * P0 SOX '3042 
REM » SPRINGFIELD 
REM * IL 62708 
REM * 338 REM *************** 

fig. 1. This program listing for either the VIC-20 or the 
C-64 implements the Kerchunk program explained in the 
text. It is designed to be used with a Kantronics inter-
face. You can substitute your own message in lines 150, 
160, and 170. 

Both of us have busy schedules, and our free times 
seldom coincide. Before we could use a radio link for 
program exchange, we would first need to establish 
that a predictable, everyday path would be possible, 
and then determine the best times and conditions for 
transmission. 

The first breakthrough came when Jon suggested 
installing a computer-controlled beacon at his QTH. 
A simple CW program with some timing subroutines 
for his VIC-20 soon placed WB9YJC/Beacon on the 
air. A modification of one of my own programs soon 
put my signal on the air as well, and although the 
preliminary results were not very good, we at least had 
a "semi-reliable" signal for which we could listen. 

I say "semi-reliable" because with Jon's VIC-20 tied 
up as a beacon controller, he was unable to use it for 
any other purpose. His Atari 400, on the other hand, 
was seldom used. To take advantage of its availability, 
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an Atari version of the Morse-code beacon was 
developed and the VIC-20 was freed for other uses. 

As time permitted, we were then able to observe 
the path between us anytime, day or night. With only 
10 watts on each end and a directional antenna on only 
one end of the path (his end!, we were not very suc-
cessful. It was obvious that improvements would be 
necessary. 

While I contemplated additional power and an im-
proved antenna system, Jon raised his antenna by 10 
feet I3.05 meters). His signal was now up noticeably. 

automatic signal logging 
In the absence of an operator on either end to con-

firm reception, the effectiveness of our beacons was 
still limited. Some sort of logging system needed to 
be devised, at least on one end, to record times of 
reception when on operator was present. 

My station consists of a VIC-20, a Kantronics inter-
face, and a 10-watt transceiver. By having the VIC-20 
constantly searching out input from the Kantronics in-
terface — i.e., an incoming signal — a crude form of 
carrier operated (actually a voice or noise operated! 
relay could be built, using software. 

When the squelch opened on an incoming signal, 
audio was fed to the interface. White noise coming 
through a terminal unit fortunately appears to the com-
puter as random ASCII characters. By using a simple 
GET loop from the RS-232 port, the presence of an 
incoming signal could be noted. Using the Tl clock 
in the VIC-20, the time of reception could then be 
logged directly on the screen or sent to a printer. 

With my station operating in the "kerchunk" mode, 
it was now possible for me to know whenever my sys-
tem "heard" an incoming signal or, at least, noise. 
Each time it heard an incoming signal, it would 
respond with a brief ASCII message; partial automa-
tion, with some unmanned verification of results, had 
been achieved. But just as repeater kerchunking may 
invite abuse, so might this type of operation. A more 
complete solution was obviously required. 

autorespond program 
Jon used his knowledge of assembly language to 

design an ASCII program for the Atari 400. Not having 
an assembler for the Atari, he assembled the program 
on the VIC-20 and then transferred it to the Atari, a 
neat trick possible because both machines are built 
around the 6502 processor. The WB9YJC/Beacon 
was now transmitting in full ASCII, using an AEA CP-1 
interface. 

Meanwhile, I was developing a positive autorespond 
program — in reality, just an improvement on the 
earlier monitoring program. Borrowing from an input 
routine I designed for a landline-based bulletin board 

program, the program now constantly listens for a 
specific sequence of characters; old RTTY operators 
will recognize it as SELCAL. 

In operation, the reception of a carriage return clears 
the memory. The next four characters are then re-

108 OPEN 2,2,3.CHR»'I28*35>:T7«37136-T9*3?138 PRINT"3" 
110 PRINT "ENTER TIME" INPUT T U PRINT "n" 
126 flt="" GOTO 200 
130 P0TE T9,PEEK(T9W32:POKE T7.PEfK<T7>flN»32 
140 FOR X=1 TO 1000-NEXT 
119 PRINTtJ." BE KZ9KVZ BEflCON SPRINGFIELD• ILL". 
155 PRINT»2, " TRANSMITTING FOP PROPAGATION STUHV": 
tea p r i n t * ! , " tw(wu*u»u*u*i»u*u*u*u*u»u*u*u*u»"; 
165 F'RINT#2, " U*U*U*U*U*U*U*U*U*U*U*U*U*U*U*Ur' . 
170 F'PINT#2." TiF KZ9XVZ BEflCriN SPRINGFIELD ILL 1=IP" 
is* fop z=iTni2800 HE;:T z 
19C POKE GOTO 120 
200 u w GC'SLIU 230 
210 IF fil="NNNN" THFNF'RINT Tit. 
220 nrrTri 
"'30 /#«•• 
."'40 GET#2,Vt 
250 IF ¥»-"" THEN GOTO 240 
260 IF V»a'HR*il3'. THEN RETURN 

IF '>'* OR M.V?" THEN G0T024U 
-'M Fi*=flt*Vt IF LEN<h».OLN THEN RETURN 
.-"r'S GOTO 240 T:0Ci REN * + < 
-:ia pen * * 
320 PEN * ftUTORFSPONIi * 

FOPO=lTn3000:NEXT•GOTO 130 

PEN * 
REN • 
REM * 
REM • 
PFM * 
RFN * 
PFM *************** 

19 
JIM GRUBE'i 
P0 SCO: 3<M? 
3PPINGFTELTI 
II. fijrn:": 

VIC-20 or Commodore-64 computer and Kantronics inter-
face will respond to a preset turn-on code. The code Is 
located in line 210INNNN in the example). It can be any 
four letter code of your choosing. It must begin and end 
with a carriage return when sent by the distant station. 
The response message in lines 150,160, and 170 can be 
changed to suit your needs. 

5 PIN UOLEX CONNECTOR 

COMPUTER USER PORT 
24 PIN EDGE CONNECTOR 

fig. 3. Interlace circuit to connect your Commodore com-
puter to the Kantronics interface. It requires a single 4077 
integrated circuit and connects to the 24-pin user port 
located on the rear of your computer. Power for the IC 
is supplied from this connector also. 
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ceived and matched to the S E L C A L being used, unless 
another carriage return is received. If another carriage 
return is received, the program simply starts over 
again. The sequence must be terminated by a carriage 
return in order for the match to take place. The addi-
tion of a simple sequence on the end of J o n ' s beacon 
message causes my station to autorespond. 

Just as in "kerchunk, " autorespond logs the activa-
tion time to the screen. Now, of course, there is 
reasonable certainty that the activation is caused by 
the signal at the other end of the path, rather than ran-
d o m noise or other signals. 

It is a simple matter to include the time in the 
response message. The station on the other end can 
then check the screen or printer for the presence or 
absence of a response, with the time duly noted. 

The sound of the autorespond program in action 
reminds me of the chirping that takes place with 
A M T O R stations, only much slower. It might be 
described as a " b u r p " rather than a " ch i rp ! " 

programs 
F i gu re s 1 and 2 are sample programs reflecting the 

developments d iscussed above. Note that these pro-
grams, written for the V IC-20 and Commodore 64 
computers, were specifically designed to work with 
the Kantronics interface. 

For ease of program development it's necessary to 
use the R S - 232 user port on the V IC-20 and Com-
modore 64 rather than the joystick port as many com-
mercial software products do. A connection diagram 
for matching the V IC-20 and Commodore 64 to the 
Kantronics interface in this manner is shown in f ig. 3. 

Apply ing these techniques to other computers will 
require the writing of individualized programs. 

plans for future programs 
Our automated propagation study ha s been 

very helpful in assess ing and continuing to assess 
equipment requirements and best times for data 
transmission. 

W e have found that A M T O R , although somewhat 
slow, allows us virtually 100 percent accurate trans-
mission as long as we have any signal at all. 
Knowledgeable hams have walked into the room 
during A M T O R reception and sworn that no audible 
tones were present, even as error-free text w a s being 
displayed on the screen. 

Our experiments have been successful enough that 
I am n o w able to run an M S O program for J o n to 
access and leave messages. A similar operation is 
planned for his station. 

The next step will be a combination of beacon and 
M S O techniques. W e are currently developing soft-
ware that will leave both stations idle until one or the 

other station is loaded with a message for transmis-
sion. W h e n one or more messages are loaded, the 
originating station will begin sampling conditions by 
transmitting a beacon message every five minutes or 
so. Upon receipt of an acknowledging message from 
the distant end, the traffic will be transmitted with a 
check sum. If successfully received, the check s u m 
will be echoed back. The program will allow for several 
attempts to occur before reverting to the beacon 
mode. Once the message or messages have been re-
ceived, both stations will return to monitoring 
condition. 

closing remarks 
W h y not put that computer to work doing 

something other than logging contacts? The applica-
tion described here only begins to sugges t the possi-
bilities inherent in using low-cost micros for Amateur 
Radio application. Perhaps our experience will en-
courage you to try some of these techniques. 

reference 
1. Robert B. Rose, K6GKU, "M IN IMUF: A Simplified MUF-Prediction Pro-
gram for Microcomputers," QST, December, 1982, page 36. 
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Bill Orr and Stu Cowan have 
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the Beam Antenna Handbook to 
include the very latest informa-
tion on state-of-the-art antenna 
design. Accurate, computer 
generated beam dimensions for 
the 40, 30, 20, 17, 15, 12, 10 
and 6 meter bands and VHF 
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the need for time consuming 
math calculations. Also covered 
are: Beam height and optimum 
apex of radiation, how element 
types and hardware effect perfor-

mance, effect of nearby objects on radiation patterns, 
feedlines, baluns and matching systems and much more. Ham 
Radio VHF columnist, W1JR, and noted European VHF'er 
DL6W0's VHF antenna designs are covered extensively as well 
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ham radio 
TECHNIQUES 

a fair shake? 
The January 28, 1985 issue of 

Business Week had an interesting 
article that may be of great import to 
Radio Amateurs. The "Washington 
Outlook" column read in part: 

Federal Communications Chairman 
Mark S. Fowler, concerned about the 
glacial pace of Japanese certification 
for U. S. communications products, is 

4 TOP LOADING HIRES 

EACH 4 4 ' 113.4 M] LONG. 

ROPE (TYP) 

RADIAl (TYP) 

fig. 1. The W6PYK vertical antenna for 
160 meters. Antenna is top-loaded TV 
mast. Base radials slope upward with 
ends 5 feet (1.5 meters) above ground 
level. 

considering steps to stiffen existing 
U. S. licensing and regulations require-
ments. If Fowler lives up to his threat, 
the rule changes could slow Japanese 
telecommunications exports to this 
country to a trickle. 

In the same article, Albert Halprin, 
Chief of FCC's Common Carrier 
Bureau said, "There is legitimate con-
cern by U. S. manufacturers about 
whether they are getting a fair shake 
in other markets." 

The article concludes with specula-
tion that Senator John Danforth (R-
Missouri) the new Chairman of the 
Senate Commerce Committee, may 
reintroduce legislation that would 
direct the Administration to take simi-
lar action against Japanese telecom-
munications products if U. S. manu-
facturers are subject to discrimination 
by Japan. 

160 meters revisited 
The 160-meter band is in the sum-

mer doldrums now, but will spring 
back to life this fall. More Amateurs 
are rediscovering this old but interest-
ing band and are determined to oper-
ate on it during the coming months. 
But what antenna can you use on a 
band whose half-wavelength is about 
246 feet at 1.9 MHz — and you live on 
a small city or suburban lot? Big anten-
nas are great if you live in the country 
on plenty of acreage, but most hams 
aren't so lucky. 

Paul, W6PYK, wrestled with this 
problem. His space was limited, and he 
didn't want to dig up the whole yard 
to bury a mess of radial wires. He 
started experimenting in 1983, when 
he lived in Kentucky, and continued 
his tests when he later moved to 
California. 

fig. 2. A compact Marconi-type antenna for the 160-meter band. Best results will be 
obtained with maximum amount of antenna wire in the vertical plane. Height of hori-
zontal portion should be at least 25 feet !7.6 meters). 
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25.2 
28.8 

fig. 3. Horizontal loop provides all-band 

coverage from 80 through 10 meters, 

including new WARC bands. (Antenna 

tuner is shown in fig. 4.) 

Paul's basic antenna is a 36-foot (11 
meter) high push-up TV mast. The 
theoretical feedpoint resistance of this 
antenna, working against a perfect 
ground is 9 ohms at 160 meters. In 
order to achieve this figure, he used 
top-loading, as shown in fig. 1. The 
four top loading wires served as guys 
for the mast. 

As a starter, he used a single 8-foot 
(2.44-meter) long ground rod at the 
base of the vertical. The feedpoint 
resistance was about 55 ohms, a good 
match for a coax line, but a highly 
inefficient setup, as most of the trans-
mitter power was lost in ground resis-
tance. (The ground resistance is the 
difference between the theoretical 
feedpoint resistance for the given 
height and the observed value.) An-
tenna efficiency, then, is 9/55 = 16 
percent. 

Paul next disconnected his ground 
rods and added four base radial wires, 
close to the ground at the antenna 
base and about 5 feet (1.5 meters) 
above ground at the ends. It was 
necessary to bend the wires into a Z-
shape to fit them on the property. The 
radials were each a quarter-wave-
length long. 

The feedpoint resistance was now 
about 13 ohms — a big improvement. 
Efficiency had risen to 69 percent. 

rr^i 
COAX TO 

TRANSMITTER 

ofcl 

fig. 4. Link-coupled matching network. 

LI is a 2-inch diameter coil consisting of 

two windings of 17 turns per inch. Coil 

L2 is 14 turns with same diameter. The 

whole assembly is made from a section 

of B&W 3026 miniductor stock. Coils are 

tapped to achieve resonance. (See The 

ARRL Antenna Book, 14th edition, pages 

4.5-4.6 for construction details.) 

This antenna obviously works. Paul 
has contacted three continents and 
many states running only 100 watts. 
He's now experimenting with a 65-foot 
(19.8 meter) tower in the same 
configuration. 

a compact 160-meter 
Marconi antenna 

When you have no room for a big 
antenna, small is best. You may not be 
Number One on the frequency with a 
small antenna, but you're on the air 
and can have plenty of fun. Here's a 
design for a coil-loaded Marconi an-
tenna for the " top band" ( f ig. 2). The 
antenna is self-resonant at 2 MHz with 
the center loading coil L1. Series coil 
L2 at the feedpoint drops the resonant 
frequency as low as 1.8 MHz. And 
shunt coil L3 provides a match to a 
50-ohm feedpoint. 

An antenna can't be much simpler 
than this one. Its overall length is only 
58.5 feet (17.8 meters). The antenna 
is bent into an " L " shape, with the 
horizontal portion 25 to 30 feet (7.6 to 
9.2 meters) above ground. It has been 
used with success with the continuous 

metal plumbing system of the resi-
dence acting as a ground. 

Adjustment is simple. Coil L2 tunes 
the antenna to resonance and coil L3 
provides the correct impedance trans-
formation to a 50-ohm feedpoint. The 
adjustments are slightly interdepen-
dent, but can be quickly accomplished 
with the aid of an SWR meter. 
Antenna operating bandwidth be-
tween the 2:1 SWR points on the 
feedline is about 50 kHz. 

an "all-band" 
horizontal loop antenna 

The virtues of voltage feeding an 
antenna have not been fully appreci-
ated by the Amateur fraternity. When 
the voltage fed antenna is bent into a 
loop, a very interesting antenna results 
(fig. 3). This illustration shows a hori-
zontal loop antenna about 130 feet 
(39.6 meters) in circumference. The 
harmonic resonant frequencies listed 
in the chart (see fig. 3) show that the 
loop provides resonance at, or near, 
the Amateur bands between 80 and 10 
meters. 

If desired, the loop can be made a 
bit smaller, with a portion of it being 
the feedline. 

A simple antenna tuner is required 
to match the loop to a 50-ohm line 
(fig. 4). Resonance and coupling con-
trols are adjusted in order to provide 
the lowest SWR at the transmitter. 

Experimenters using this antenna 
will find that the resonant points are 
very broad at the higher end of the 
spectrum and that the resonant fre-
quency of the loop can be "pul led" to 
almost any spot in the HF spectrum. 

A loop twice this size, with a cir-
cumference of 260 feet, or 80 meters, 
exhibits twice the number of resonant 
frequencies and operates well at any 
frequency between 1.8 and 30 MHz 
with the proper antenna tuner. In all 
instances, the feedpoint of either 
antenna is at a high impedance. 

The antenna need not be a perfect 
circle; it can be a many-sided polygon 
which encloses as much area as 
possible. 

A simple and convenient feeder can 
be made up of a short length (30 feet, 
or 9 meters) of 300-ohm "ladder line" 
or perforated twin lead. 
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a two-element quad 
for the 24.9-MHz band 

With the opening of the 24-MHz 
band, there is considerable interest in 
a simple beam antenna that can be 
easily constructed and will provide 
good gain. The old favorite, the Cubi-
cal Quad, provides an inexpensive so-
lution (fig. 5). The Quad provides a 
gain of about 7 dB over a dipole with 
a front-to-back ratio of approximately 
15 dB. A quarter-wavelength trans-
former made of a section of 75-ohm 
line provides a good match to the 
Quad. The line is coiled up into an RF 
choke to reduce currents flowing on 
the outside of the outer shield of the 
line. 

TVI revisited 
How to clean up a bad case of TVI 

at a resort condominium? I had that 

DIPOLE 

ANTENNA 

ISO VAC tZO VAC 

fig. 6. Line filters, plus winding coax lines into RF choke coils (L) clean up residual 
TVI after low-pass filter is placed in line with the transceiver. 

problem last spring while on vacation. 
The rental condo had cable, but that 
didn't prevent the TV from going black 
and making funny noises when I fired 
up my transceiver on 20-meter SSB. 
Being prepared for such an eventual-
ity, it took less than an hour to set 
things right. Here's what I did: 

1. I placed a line filter — a three-
section J. W. Miller, No. C-508-L -
on the transceiver. I didn't have a sec-
ond line filter for the TV receiver, so 
I made a simple one consisting of a line 
plug with a 0.01 fiF, 1.6 kV disc 
ceramic capacitor wired across the 
prongs. I plugged this into the same 
outlet that fed the TV. 

2.1 then placed a low-pass filter in the 
coax lead from the transceiver to the 
antenna (a dipole). The filter was 
placed after the SWR meter, since the 
diodes in the meter can often generate 
TVI when it is not otherwise present. 

3. The final step was to wind the coax 
(RG58C/U) into an RF choke at the 
point at which it joined the antenna. 
I made a five-turn coil, about six inches 

(15 cm) in diameter, held in position 
with electrical tape. A similar coil was 
made in the transmission line at the 
station end, just after the low-pass 
filter. 

The installation is illustrated in fig. 
6. It did the job! The TV was clean on 
all channels. If the TV had been on an 
antenna instead of on cable, a high-
pass filter at the input terminals of the 
TV would probably have been 
necessary. 

Coiling the coax line from transmit-
ter to antenna into simple RF chokes 
was an important part of the solution. 
Without the coils, interference was 
noticeable on channels 2 and 4. When 
the chokes were in the line, the in-
terference disappeared. 

When the vacation was over, it was 
but the work of a moment to drop the 
dipole and remove the filter capacitor 
from the TV power plug. The two RF 
choke coils were left permanently in 
the dipole feedline and the Miller line 
filter was packed away with the trans-
ceiver for use on the next vacation trip. 
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weekender 
a 50-500 MHz 

dual wattmeter 
Having been interested in the 420-450 MHz band 
for some time, 1 finally succumbed to the UHF "bug" 
and bought a commercial FM HT to get on this band. 
Shortly thereafter I decided to build some sort of direc-
tional antenna system to make my HT more versatile. 
But a major stumbling block immediately arose: I had 
no SWR or power measuring capabilities for these fre-
quencies. Because all the designs I could find called 
for assembly skills I do not possess, I decided to 
design my own device (fig. 1). 

The heart of this circuit is the directional couplers 
(Mini-Circuits Labs No. PDC-10-1). These are 11.5 dB 

i torn date tip Uan 
CI.CZ 0.01 <<f ceramic capacitor*, i s von 
Cf l t .C f t? HP-1B00 or equivalent ScftolfAr diodes 
MI.M? 0-i00pJi meter* 
ftl/M SO kilahm ttimmet poienliometvts 
UI.U2 UiiU-CitcuItt PDC-10-i 

tittecUantl couplers 

Sources 
HP-MOO: Uegaheni Eiectrotuct, ?m West 

Camelback Roa*l. Phoeni*. Atuona 85J0S 
PDC-10->: MMCitcuns. P.O. Box 166. BiooMfn, 

New rotk tt?3i Puce: approiimatetr 
Sf 1.50 each in 5 to 45 quanti fy ( f tngfet 
about double that price./ C/uA or 
individual atdeu accepted 

0 100 , <4 meters — cahbtatcd Fait Radio Sale:. 
1016 Fast Eureka. Ooi I fO5. lima. Ohto 4560? 

fig. 1. Dual wattmeter schematic. 

By Bob Lombardi, WB4EHS, 1874 Palmer 
Drive, Melbourne, Florida 32935 

Front and rear views of the completed wattmeter. Lettering 
is rub-on type; striping is 1/16-inch PC layout tape. 

couplers (the sampled port is - 11.5 dB down from 
the line) encapsulated in miniature metal cans. The 
coupling ratio is flat to within ± 0.6 dB from 500 kHz 
to 500 MHz, and maximum power on the throughline 
is 3 watts from 5 to 500 MHz (1.5 watts below that). 
Thus this circuit will measure low power from 5.0 to 
500 MHz directly. 

The remainder of the circuit is a typical RF volt-
meter. The HP-2800 microwave diodes rectify the 
sampled RF and charge the 0.01 /tF capacitors. A 
DPDT switch selects trim pots for the ranges of 0.2 
and 2.0 watts full scale. This set of ranges was chosen 
because meters calibrated from 0 to 20 watts, with a 
100 /tA movement, were readily available. (To make 
this a peak-reading wattmeter for SSB, replace the 
0.01 capacitors with 6.8 or 10 jiF electrolytics.) 

construction tips 
I strongly recommend the use of good quality 

double-sided fiberglass PC board, with one side (the 
bottom) etched and the other containing non-
grounded holes countersunk to prevent shorts. All 
components are mounted on the ground-plane side. 
In the vicinity of the throughline, which will be carry-
ing up to 450 MHz energy, I put several "Z" wire 
jumpers between top and bottom ground planes to 
prevent ground problems. After using the meter for 
several days, I added a shield of brass sheet (shim 
stock) over the RF throughline portion of the card. I 
can't really say I noticed much of a difference as a 
result. 
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BOTTOM VIEW 
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fig. 3. 3dB pad is a useful addition to meter. 

PC LAYOUT (ACTUAL SIZEI 

I I •UNCTCHCH COPPER 
ALL SIGNAL LANDS ABOVE LINE "4-4* SHOULD BE 
O.IOO" IZ.Hnm) WIDE ON EPOXY'GLASS PWB MATERIAL 

fig. 2. PC board layout (actual size). 

It will be noted from the PC layout (fig. 2) that the 
directional couplers are mounted offset from parallel 
and case-to-case. The fact that one coupler is used 
for reverse voltage sensing dictates that they must be 
mounted with their part-markings in opposite direc-
tions. This minimizes the path that the RF must take 
through the meter. If you plan to use the meter only 
on 2 meters, this extra care in layout and shielding 
could pfobably be omitted. 

You may notice that I've used SO-239 connectors 
instead of BNCs. Up to about 500 MHz, connector 
choice is a matter of just that — choice. A well-
installed (i.e., short grounds with good shielding all 
around) RCA phono plug is as good as a BNC plug. 
Because I already had the connectors on hand, and 
am already good at installing them, I stayed with 
SO-239s. For higher power work, or serious weak-
signal work on 432, I would probably switch to N 
connectors. 

calibration and use 

Since the meter response can vary with frequency, 
it's best to calibrate it on the band in which you are 
most interested. Terminate the output with a 50-ohm 
non-inductive resistor and calibrate the forward posi-
tion to whatever your standard is known to be. I used 

a Bird Termaline wattmeter as standard at 446 MHz. 
Interchange the input and termination and do the same 
on the reverse meter. Do this on both ranges. 

The calibration of this type of meter depends on line 
impedance. With purely resistive loads. 

P = /-'/? or P = 

When R is not the 50 ohms with which we calibrated, 
the accuracy falls off. For any power measurements 
we make with the meter, it should always be termin-
ated in 50 ohms resistive. 

For tweaking antennas, a familiar equation is: 

/+ j Prei-

VSWR = _Lt£WD 

1 [ P ^ i -
V Pf-WD 

Charts are available in the literature for fast determina-
tion of V S W R for a given Pni-r and Ppwn• This can 
be also done in seconds on a simple calculator. In most 
cases, however, all that's necessary is to observe the 
forward increase and reverse decrease in readings 
while working on the antenna (nulling VSWR) . 

In UHF work, it's important to remember that the 
S W R at the antenna will always be worse than the 
S W R at the meter unless the antenna and meter are 
very close — for example, if the antenna is mounted 
on the back of the meter box. For example, suppose 
you measure 2 watts forward and 0.05 watts reverse 
on a section of coax with 3 dB loss. Using these 
values, the equation gives us SWR = 1.4:1, which is 
probably reasonable. Taking the 3 dB loss into 
account, the forward power at the antenna is 1 watt, 
and the reflected power is 0.1 watt, (the 3dB works 
both ways). This gives an S W R of 1.9:1, which may 
or may not be acceptable. 

For antenna testing, measure as close to the an-
tenna as possible, and know (or better yet, minirnizel 
losses. 

other measurements 

This circuit is useful for measuring powers above 
2 watts if they are reduced to the 0-2 watt range before 
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Because my original version was only 2 wat ts full-scale, the 
PC layout shown in fig. 2 is different. It's convenient to mount 
the pots on the switch: if you opt to do this, change the PC 
layout to accommodate the two sets of t r immers. 

being applied to the meter. Figure 3 shows a 3-dB at-
tenuator for reducing 4 watts to 2 watts; this should 
handle just about all of the commonly used 2-meter 
HTs. It's best to calibrate your attenuator on your 
wattmeter by measuring power level of a known 
< 2 watt source both with and without it in line. Mark 
the power factor (about two times) on the pad and 
multiply power measurements by that factor whenever 
using it. Of course, it's safest to take the first readings 
of any new source with the pad in line. It can then 
be removed if the source is less than 2 watts. Other 
types of couplers can be used to measure higher 
power levels: for example, a 10-dB coupler can be 
used to measure up to 20 watts, and a 20-dB coupler 
can be used for up to 200 watts. 

conclusion 

In-line wattmeters should not be used in VHF or 
UHF weak signal work because the losses are not tol-
erable. This unit works well in its intended applications 
— low power measurements and antenna tweaking. 
Likewise, with the proper choice of attenuators and 
couplers, it's useful for measuring other power levels 
in the 5 to 500 MHz range. 

Mini-Circuits claims an insertion loss of 0.85 dB per 
coupler, or 1.7 dB for the meter. Input VSWR should 
be 1.2:1.1 measured VSWR for my unit during calibra-
tion and found it to be about 1.3:1, within reason when 
the connectors and adaptors used are figured in. I 
wasn't able to measure insertion loss because of the 
plethora of cables and adaptors required. 

This is an unusual circuit, the only one I'm aware 
of that extends alternative techniques to UHF in 
Amateur applications. All other Amateur circuits I 
could find required brass pipe and other hardware. 
There are plenty of 2-meter, 220 MHz, and 440 MHz 
HTs out there, with powers in the range of this instru-
ment; I hope their owners find this project useful. 

ham radio 
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short circuits 
carrier suppression 

In the April ham note (page 78), "Improved Carrier 
Suppression for the MC1496," power — not signal, 
as printed — is applied to the bifilar windings through 
a series choke arrangement. 

feeding phased arrays 
The caption for fig. 1B of KB8l's article, "Feeding 

Phased Arrays: An Alternative Method" (May, 1985, 
page 59) should be revised to read as follows: 
fig. IB . Though high SWR exists on the main feeder, 
the matchbox now located in the shack can be 
switched over to and used with other antenna 
systems. 



wideband logarithmic detector 
Only six transistors 

provide a 60 dB 
log response 

calibrator 

RF input 

Logarithmic detector consists of six amplifier-detector stages 
in cascade. Detected RF input signal is processed to achieve 
a logarithmic function over a 60-dB range. 

r O-

5- S\ -to- ( 
in r -20 L o • / 
Q 

/ I -40 

-30 
V 

i
 n 

-2 -t 0 1 2 3 -2 -1 0 1 ? 

FREQUENCY IhHt) rucoutncr I'Mi! 

fig. 1. Two curves of the same bandpass filter charac-
teristics. Left: as displayed when using a diode detector 
(voltage-linear scale and diode threshold of 0.4 volt). 
Right: as displayed when using a logarithmic detector. 

The question of why a logarithmic detector would 
be desirable for filter sweep alignment may be best 
answered by considering the virtues of the decibel 
scale. With a logarithmic detector an oscilloscope 
display can show parts of the filter characteristic that 
an ordinary detector would probably ignore. The dis-
play may even reveal an entirely different and more 
realistic picture of the test results (fig. 1). 

Several methods are available for building a 
logarithmic detector. For example, one could consider 
using the nonlinear behavior of a diode (very much 
temperature dependent); a string of clamping diodes 
for correcting the DC detector output (amplitude-
range limitations); using an LM3089' (which, unfor-
tunately, decides to stop working properly below 10 
MHz); or making a succession of amplifiers and detec-
tors with the detector outputs connected in parallel. 

I chose the last method. What may be unusual 
about this approach is the use of amplifiers that are 
not tuned to one particular frequency, as opposed to 
what is customary in applications such as spectrum 
analyzers or field strength recorders. These are wide-
band amplifiers, accepting signals with frequencies 
between 50 kHz and 14 MHz. It is not only the absence 
of coils thai makes this little test box so simple. Only 
six transistors are necessary to realize a reasonably 
accurate logarithmic response over a range of almost 
60 dB. Figure 2 shows the general arrangement ol the 
logarithmic detector. Final test results are depicted in 
table 1. 

the principle 
Starting off by experimenting with a common diode 

detector, I found that by adding a reversed-polarized 
diode, counteracting the curvature of the detector 
characteristic, a very reasonably logarithmic curve por-
tion can be extracted, extending over a range of almost 
10 dB (f ig. 3). Six amplifier-detector stages are con-
nected in cascade. As each stage increases the RF 
signal amplitude by 10 dB, each detector processes 

By Hans Evers, PA0CX/DJ0SA, Am Stockberg 
15, D5165 Hiirtgenwald, West Germany 
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fig. 2. Schematic diagram of logarithmic detector. Circuit provides a 60-dB dynamic range. (See figs. 4 and 6 for details 
of amplifier/detector stages and calibrator unit.) 

the signal with mainly the logarithmic portion of its 
characteristic. The detector outputs are combined, 
partly overlapping, compensating for the less desirable 
portions of their characteristics. This translates to a 
60 dB range logarithmic conversion of an RF inputted 
signal. The reason for the 60-dB range is that it looked 
about right for Amateur Radio use. It covers the 9 
S-units, plus an extra 6 dB. In practice, this represents 
sufficient dynamic range for determining carrier and 
unwanted sideband suppression, filter shape factors, 
and for detecting side lobes of crystal filters. 

transient response 
CR1 and C1 form a peak detector (fig. 3). With R1 

given, C1 must be adequately large for charging to the 
full signal peak voltage. If it is not, the detected DC 
voltage is no longer a true function of the RF ampli-
tude. If, on he other hand, the RC time constant is 
too long, the circuit may not be capable of following 
the transients — e.g., of those caused by the possibly 
steep skirts of a filter swept at a high rate. 

In this case, the value of 0.001 /if for C1 allows an 
acceptable compromise between the lowest frequency 
(50 kHz) at which I decided that the detector should 
still be usable, and a transient response that should 
not take more than 0.5 millisecond to be fully 
displayed. In practice this means that using a (flicker-
free) time base of 20 times per second, the amplitude 
could make a full-range jump in less time than it would 
take to displace the oscilloscope light spot horizon-
tally by 1 percent. This makes the detector reasonably 
fast, so that it can even be used as part of a spectrum 
analyzer or panoramic receiver. 

Co 02 cm 

- > H - H -

c*s 

% 
O.OO/ lOOk 

fiF INPUT fUBml 

fig. 3. Effect of a clamping diode CR2 on detector 
characteristic. 

amplifier 
Each amplifier stage has been designed for a gain 

of exactly 10 dB over practically the whole range of 
intermediate frequencies used in Amateur Radio equip-
ment, extending from the old 50-kHz "Q-fiver" to the 
more modern 9- and 10-MHz transceiver filters. Fur-
ther requirements were a low output impedance 
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(about 50 ohms) to avoid loading by the detector with 
its varying impedance, and a dynamic range with a 
few dBs to spare before the transistor saturates. This, 
as well as the bandwidth and stability, has mainly been 
obtained by applying heavy negative feedback. 

With only 100 pF across the emitter resistor of each 
amplifier, the bandwidth is about 2 MHz at the - 0.5 
dB points. However, by adding extra capacitance the 
bandwidth can easily be increased to 14 MHz without 
deteriorating the flat frequency response. This brings 

table 1. Final test results. 

• frequency range: 50 kHz to 14 MHz ( 1 dB) 
RF input: 60 riBm to 0 riBrn (50 ohms), or 

0.22 mV to 0.22 V (500 ohms) 
DC output: 0 to 120 mV (oscilloscope sensitivity 

of 20 mV/division at 10 dB) 
maximum error; 1.5 dB 
power supply 
requirements: 120 volts/100 mA 

JJO ? 
]_ lOtlf.lZV 

TAN TAI UU 

I > «.«• 

' h ^ - t - Q 

> 

r - i 
» i 
e -Jf: 

TCST POINT 
cm 
IN4IZ4 

IN4IS4 
CftS I 

fig. 4. Amplifier/detector stage. Resistor R may be 
necessary only for correcting the amplifier gain; 
capacitor C may vary between 50 and 200 pF and has to 
be selected for optimum bandwidth. (See text.) 

Using the logarithmic detector for sweeping an IF amplifier. 
352-kHz IF bandpass crystal filter with continuously variable 
bandwidth in WWII German receiver tMw.E.C.I. Top: at maxi-
mum bandwidth (5 kHzl; bottom; at minimum bandwidth 
1130 Hz) (sweep rate 5 Hz). 

the detector perfectly in line with the compact IF 
sweep generator published last month in ham radio.7 

Only readily available components were used. The 
BC237A is a rather popular audio transistor (at least 
here in Europe), and the only reason why the 1N4154 
was chosen was that, at the time, it was the least 
expensive diode available in the local parts shop. A 
perhaps more common 1N914 or 1N4148 would proba-
bly work just as well. Normal 5 percent resistors were 
used (note that 5 percent resistance means 0.5 dB 
tolerance), yet only a slight correction was necessary 
to get the voltage gain of each stage at exactly 3.16 
times (10dB). 

The input impedance of the logarithmic detector is 
about 500 ohms. In case a 50-ohm input impedance 
is desired, merely connect a 120-ohm and a 100-ohm 
resistor in parallel with the RF input plug. 
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DC OUTPUT ImV) RF INPUT luBmf 

fig. 5. DC output voltage as function of RF input level. 

fig. 6. Calibrator. R is approximately 50 ohms, to be 
selected to obtain a calibrator output of 0.22 volts RMS 
with 500 ohms load. LI has 80 + 6 turns on Amidon 
T-3-50. 

The ripple residue on the DC output voltage is 
imperceptibly small. Only for RF input signals at fre-
quencies lower than a few hundred kHz, the picture 
lines on the scope tend to become a bit woolly. The 
LP filter, consisting of an 88-mH coil and two 900-pF 

capacitors, also removes that last remainder of RF. Its 
influence begins around 20 kHz, far beyond the point 
at which it could limit the transient response. At 28 
kHz the ripple is already suppressed by 20 dB. In case 
the detector is never used below, say 300 kHz, the coil 
and two capacitors could be omitted, leaving the 
detector without any coil at all. 

trimming procedure 
This consists of applying an RF signal of about 1 

volt to the input, thereby saturating all detector stages. 
The signal frequency should be somewhere between 
100 kHz and 1 MHz. Using a high-impedance 
voltmeter, measure the DC voltage at each detector 
test point and see that all are equal (fig. 4). If not, 
increase a possibly low voltage be selecting resistor 
R in parallel with the 82-ohm emitter resistor of the 
corresponding amplifier. 

To achieve the full 14-MHz bandwidth, apply a 
10-MHz signal, saturating all detectors again. Increase 
the possibly low test-point voltages this time by 
paralleling an extra capacitor across the emitter resistor 
of the deficient amplifier. Figure 5 shows how the end 
result looks after applying the above procedure. The 
regularity of the dB scale divisions is well acceptable, 
as shown, with only a slight compression at the top 
and bottom end. This effect is difficult to avoid; it is 
caused by the (only partly compensated) first and last 
detectors lacking the correcting overlap of a neighbor. 

calibrator 
The logarithmic detector works satisfactorily, is sim-

ple and inexpensive to construct, and requires no 
sophisticated parts or test equipment. If this seems 
to be almost too good to be true and you're wonder-
ing, "where's the catch?" you're right. There is a 
"catch," and it's in the CR2 diodes. 

The textbooks state that the voltage drop across a 
silicon diode junction decreases by about 2 to 2.5 milli-
volts for every degree centigrade rise in temperature. 
Here there are up to six of them, all adding up. 
Although the effect is eventually reduced by voltage 
division, it still works out to a few millivolts on the end 
result. 

This explains why, on a really chilly day, one may 
find that the whole dB scale has stretched somewhat 
and the vertical sensitivity of the scope has to be 
reduced by 5 or 10 mV to restore the calibration of 
10 dB per division. This minor inconvenience (inci-
dently, it is the only "warming-up" effect noticeable) 
does not justify spoiling the simplicity of the design 
by the addition of extra compensation circuitry. 

Nevertheless, those who would feel more bothered 
by possible level inaccuracy than by the discomfort 
of an under-cooled Amateur station, may wish to 
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fig. 7. Some applications for a logarithmic detector: (A) Measuring frequency response of an RF filter; (B) Reliable " S " 
meter. SI to S9 + 6dB, (C) Single range RF microwattmeter, 2 nanowatts (at 3 percent FSD) to 1 milliwatt (at 100 percent 
FSD); (D) 60 dB field-strength indicator. 

incorporate a built-in 0-dBm calibrator (fig. 6). Once 
the 0-dBm level is set at the correct height of six divi-
sions on the scope screen, the other decades fall into 
place by themselves. The device consists of a sine-
wave oscillator that provides a 500 kHz constant ampli-
tude source of energy. Calibration is not difficult 
because the oscilloscope itself could be used for the 
initial setting of the 0-dBm calibrator output voltage. 
Just remember that 0-dBm into 50 ohms corresponds 
to 0.62 volt peak-to-peak (0.22 volt RMS). 

applications 
The application of the logarithmic detector is not 

limited to sweeping filters only. A s some examples in 
fig. 7 show, it could be the backbone for an RF 
microwatt meter with a linear dB scale, or the develop-
ment of a truly reliable S-meter. Adding a simple tuned 
circuit results in a deluxe field-strength meter for the 
HF bands down to 20 meters. 

references 
1 R Ferranti, WA6NCX/1, "Design Notes on a Panoramic Adapter," ham 
radio, February. 1983, page 26. 
2. Hans Evers, PA0CX, "Compact IF Sweep Generator," ham radio, June, 
page 35. 
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VHFAJHF WORLD 

YEAR 

fig. 1. This graph shows the variation in the smoothed sunspot numbers over the last 
few solar cycles. 

propagation update 
When it comes to discovering 

new propagation modes and extend-
ing DX records, the VHF/UHF/SHF 
frequencies represent Amateur Radio's 
latest frontier. Judging from corre-
spondence and on-the-air discussions, 
there's a pioneering spirit — and a 
great curiosity about the unknown — 
among hams active on these bands. 

Because reader response to last 
July's column1 on VHF/UHF propaga-
tion was so encouraging, I've dedi-
cated this month's column to expand-
ing and updating the material pre-
sented in that issue. 

VHF/UHF/SHF frequency 
bands 

It wasn't too many years ago that all 
frequencies above 40 GHz were open 
to Radio Amateurs. However, as 
research in millimeter waves increased, 
commercial and government interests 
forced subdivision of the frequencies 
between 40 and 300 GHz. From our 
point of view, this measure created 
new bands to explore as separate 
entities. 

Table 1 shows all the major 
VHF/UHF/SHF bands available to 
Radio Amateurs. WARC also subdi-
vided these frequency assignments by 
IARU regions. Generally speaking. 
Region 1 includes most of Africa, 
Europe, and the Soviet Union. North 
and South America as well as Hawaii 
are in Region 2, and the Southern por-
tions of Asia and the Oceania nations 
are in Region 3. 

In recent years there has been a 
tendency to designate all bands in 
meters rather than by frequency in 
MHz. I've therefore listed the metric 

band designations next to each fre-
quency assignment on the table. Note 
that in some cases a band may or may 
not be available in some regions. For 
instance, although UK Amateurs have 
a 4-meter band, they have no frequen-
cies available between 2 meters and 70 
cm. Region 2, on the other hand, has 
a 6-meter band and a 135-cm band. 
Where known, I've listed differences 
in frequency assignments. Normally 
speaking, the differences are not sig-
nificant unless you are operating out-
side your region — such as in EME! 

VHF/UHF/SHF DX records 
By the time last July's ham radio 

appeared, many of the VHF/UHF/ 
SHF DX records listed in my column, 
prepared two months earlier, had been 
broken. To me, DX records — especi-
ally in the world above 50 MHz — are 
a major driving force in the progress 
of communications technology. At a 
glance, they reveal not only the devel-
opment of the state of the art, but also 
suggest the possibilities and challenges 
available. 

The VHF/UHF/SHF DX records 
claimed worldwide and given in last 
year's July column have been, with the 
exception of those claimed for EME, 
updated and listed in table 2. Table 
3 shows EME record claims. In recent 
years many of the records once held 
in Region 2 have shifted to other 
regions because of special propagation 
modes such as transequatorial (TE) or 
tropo ducting favoring these other 
regions. This has tended to discourage 
DXing in those areas in which only 
more conventional propagation modes 
such as aurora and meteor scatter are 
available. So I'll try a new approach 
(one already used, by recordkeepers in 
Region 1), listing, in table 4, only 
North American DX claims. This table 
lists DX records by propagation modes 
for all VHF/UHF/SHF bands on which 
Amateur comunications records have 
been claimed. 

I hope that this type of listing will 
inspire increased effort and exploration 
of the various propagation modes, 
especially here in North America. The 
data listed in table 4 was difficult to 
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table 1. Major V H F / U H F / S H F wor ldwide Amateur Radio frequency assignments. 

band frequency range notes 
6 meters 50-54 MHz CW only between 50.0-50.1 in USA. Only a few 

assignments in Region 1. 
4 meters 70.025-70.5 MHz Primarily United Kingdom. 
2 meters 144-148 MHz CW only between 144.0-144.1. Except in Region 

2, most other countries have only 144-146 MHz. 
135 cm 220-225 MHz Region 2 only. 
70 cm 420-450 MHz Region 2, Canada only 430-450. Most of the rest 

of wor ld has only 430-440 MHz. 
33 cm 902-928 MHz Not yet available in USA except for those wi th 

FCC experimental licenses. Canada has same but 
on A3 /F3 only. 

23 cm 1215-1300 MHz 1215-1240 still available in Canada, but recently 
w i thdrawn in USA. Some countries in Region 1 
do not have the full assignment. Others have 
power or EIRP restrictions. 

13 cm 2300-2450 MHz 2310-2390 was removed for USA on November 6, 
1984. Many Europeans cannot operate below 
2320. Japan has only 2400-2450. 

9 cm 3300-3500 MHz Some area restrictions apply. UK has 3400-3475. 
6 cm 5650-5925 MHz Some area restrictions apply. UK has 5650-5850. 
3 cm 10.0-10.5 GHz 
12 mm 24-24.25 GHz 24-24.05 in West Germany 
6 mm 47-50 GHz 47-47.2 in West Germany, 48-50 in USA 
4 m m 71-76 GHz 75.5-76 in West Germany 
2 mm 142-170 GHz 165-170 GHz in USA, 142-144 GHz in West 

Germany. 
12 fim 240-250 GHz 248-250 in West Germany. 
10 urn 300 GHz and above No restrictions in USA 

table 2. Claimed V H F / U H F / S H F terrestrial OX records (worldwide) . EME records 
are shown in table 3. 

DX 
band record holders date mode miles (km) 

6 meters (see Note 11 
4 meters GW4ASR/P-5B4CY June 7, 1981 Es 2153 (3465) 
2 meters I4EAT-ZS3B March 30, 1979 TE 4884 (7860) 
135 cm KP4EOR-LU7DJZ March 9, 1983 TE 3670 (5906) 
70 cm KD6R-KH6IAA/P July 28, 1980 ducting 2550 (4103) 
23 cm KH6HME-N6CA June 24, 1984 duct ing 2472 (3977) 
13 cm VK5QR-VK6WG/P February 17, 1978 ducting 1170 (1883) 
9 cm G3LQR-SM6HYG July 11, 1983 ducting 576 ( 927) 
6 cm G3ZEZ-SM6HYG July 12, 1983 duct ing 610 ( 98?) 
3 cm I0SNY/EA9-I0YLI/ IE9 July 8, 1983 ducting 1032 (1660) 
12 m m l3SOY/3, IW3EHQ/3- l4BER/6, 

I4CHY/6 Apri l 25, 1984 LOS 180 ( 289) 
6 mm DJ1CR-DL3ER/P June 11, 1984 LOS 9.3 ( 15) 
10 *»m WA2GFP/2-K2KXS/2 June 10, 1983 LOS 0.2 ( 0.3) 

Note 1. 6 meters has been omitted from this listing because long-path QSOs (those exceeding 
12,440 miles or 20,016 km) have been reported during solar cycles 19 and 21. 

obtain in this initial phase; I'm not 
aware of any other attempt to compile 
and list it all in a single source. I've 
been filing much of this type of infor-
mation for over 15 years. Lately, doz-
ens of letters had to be written, and 
it took the effort of many others to 

bring this information together, especi-
ally on the various propagation modes. 
In this first attempt, some of the list-
ings may not really represent the best 
or most recently attained North Ameri-
can record. Because information may, 
in some cases, be simply unavailable. 

some propagation modes may not be 
listed. 

I'll be glad to act as a coordinator for 
all North American and worldwide 
VHF/UHF/SHF DX claims and will 
continue to compile and update these 
records and make them available to 
ham radio and other publications. If 
you think that you or someone else 
holds a better DX record than any of 
those shown in these tables, I'll be glad 
to consider your claim. For record 
keeping purposes, I've prepared a 
comprehensive form to be filled out 
when claiming a record. Just send me 
an SASE, appropriately marked, and 
I'll send you a copy. 

propagation breakdown 
In last year's propagation column I 

listed over 20 distinctly different modes 
of VHF/UHF/SHF propagation. I also 
made several propagation predictions 
that came to pass soon after the issue 
appeared. This experience only rein-
forced my feeling that the VHF/UHF/ 
SHF frequencies are a great place for 
experimentation. In light of other infor-
mation now available, new material 
should be added to the content of last 
year's column. 

F2 propagation. There's no doubt 
that solar cycle 21 peaked higher than 
expected, but it is now approaching 
minimum. Figure 1 summarizes sun-
spot data for the last few cycles. While 
it may be easy to conclude that the 
sunspots will bottom out in 1986-1987, 
they will increase again and probably 
peak in 1990. However, it is my belief 
that cycle 22 won't equal the high peak 
of cycle 21. 

I believe this because there seems to 
be more than enough evidence to link 
high sunspot activity to the lineup of 
the planets in certain special arrange-
ments. The late John Nelson of RCA 
was a strong proponent of this theory 
and explained it well.2 The planets line 
up best about every 175 or so years, 
with the best alignment occurring in 
1984. I doubt that many of us will be 
around in the year 2159! 

Nelson also pointed out that the 
actual sunspot activity peak occurs 
when certain major planets are at 90 

July 1985 GB 87 



FREQUENCY (UHtl 

fig. 2. This graph shows the estimated minimum solar flux units necessary for propa-
gation of frequencies from 28-70 MHz per information generated by G8KG.1 

table 3. Worldwide claimed EME DX records. (See table 4 for North American EME 
records.! 

band record holders 
6 meters K6MYC-K8MMM 
2 meters K6M YC / KH6-ZS6ALE 
135 cm K1WHS-KH6BFZ 
70 cm F9FT-ZL3AAD 
23 cm PA0SSB-ZL3AAD 
13 cm PA0SSB-W6YFK 
9 cm and 
above none reported 

degrees to each other with respect to 
the sun. Furthermore, the minor plan-
ets (in particular Mercury and Venus) 
introduce secondary peaks on the 
main curve. This probably explains 
why the F2 activity seemed to peak in 
1979, then disappeared and finally 
came back in 1981 at a slightly 
diminished level. 

Much was learned about F2 on 6 
meters during cycle 21. For instance, 
based on tests between G3SSD and 
VE1AVX, F. M. Smith, G8KG, has 
speculated that the 10.7 cm (280Q 
MHz) solar flux must reach at least 160 
for the MUF to reach 50 MHz.3 Values 
for other MUFs with equivalent sun-
spot numbers are shown in fig. 2. The 
10.7 cm solar flux as measured at 
Ottawa (the reference station for 
NOAA) is broadcast at 18 minutes 
after each hour on WWV and is avail-

DX 
date miles (km) 
July 24, 1984 2127 ( 3422) 
February 18, 1983 12088 (19450) 
November 17, 1983 5058 ( 8139) 
April 18, 1980 11679 (18793) 
June 13, 1983 11595 (18657) 
April 5, 1981 5491 ( 8836) 

able any time by calling 303-497-3235. 
I have used MIIMIMUF" to predict 

openings over paths as long as 6000 
miles (9654 km) with reasonable accu-
racy. Solar flux can be determined by 
using the following approximate 
equation. 

solar flux = 
63.7 + 0.73R + 0.0009R2 (1) 

where R is the daily sunspot number. 

With this knowledge, improved 
equipment, and an increase in coun-
tries that should have 6-meter privi-
leges by 1990, we should all have 
something to look forward to during 
the next solar cycle. 

Es (mid-latitude sporadic-E). Spora-
dic-E propagation is one of the main 
propagation modes used by 6-meter 
operators. In the mid-northern lati-

tudes it usually begins in May and ends 
in early August. A secondary but 
weaker peak may come during Decem-
ber and early January. 

Ernest Smith and Edwin Davis have 
been studying Es propagation for 
many years.5 They speculate that Es 

propagation is caused when the upper 
atmosphere, ionized by solar radiation, 
is subjected to a wind shear. They note 
that the effects are masked in some 
parts of the world by precipitation of 
charged particles at high latitudes and 
unstable plasmas in the charged par-
ticle stream at the magnetic equator. 
They also point out that during the Es 

season, propagation will occur about 
1 percent of the time in the southern 
USA and will drop to 0.3-0.4 percent 
in the northern USA and southern 
Canada. Contrast this with a probabil-
ity of 5-6 percent for the Japanese! 

The early 1984 Es season started off 
with a bang in early May. Then came 
a 6-meter opening in mid-May that 
possibly involved Es and TE linkup and 
gave many east coast USA stations 
their first contacts with Argentina and 
Chile. Several stations checked 10 
meters during this opening, but no sig-
nals were heard! 

W6JKV made a trip to Nuuk, Green-
land in mid-June, 1984. He made 
about 250 contacts to the USA in 
widely scattered directions and com-
pleted five QSOs with the UK. But by 
late June openings seemed to come to 
a screeching halt. One narrow-path 
W1 / W2 to GJ3YHU opening did occur 
on June 30, but it did not extend into 
the UK proper (yes, I know there were 
UK stations who heard GJ3YHU work-
ing the USA, but they couldn't hear 
the USA stations). HB9QQ reported 
that many 2-meter contacts were 
made over a wide area of Europe dur-
ing this same opening. 

Es 6-meter openings returned in late 
July. As predicted in last year's col-
umn, there were some scattered 2-
meter openings in late July, but they 
were gone by early August and few 
were noted in the December time 
frame. 

There is speculation that a lightning 
storm whose top reaches an altitude 
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fig. 3. Plot of the observed E, openings noted in the last 10 years in the UK by Ron 
Ham.' 

TO 

of 50-60,000 feet (18,288 meters) near 
the center or at one end of the path 
may cause a 2-meter opening.6 7 

Such an opening did appear during at 
least one 2-meter opening in 1984, 
with a storm (recorded on FAA 
weather maps) near one end of the 
path. Jim Stewart, WA4MVI , has seen 
storm tops as high 72,000 feet (21,946 
meters) indicated on the same weather 
maps! 

A mid-December 2-meter opening 
also occurred between El Paso, Texas, 
and VE6/VE7. W A 4 M V I feels that this 
opening was caused by a special hori-
zontal wind shear force, not as high as 
the summer ones noted above, but 
such as typically occur in December in 
the regions above the Rocky Moun-
tains. FAA weather maps generated at 
the time of this opening did show an 
upper-air wind shear at the approxi-
mate mid-point of that path! 

E s propagation for the 1984 season 
as a whole was significantly down 
from previous years, especially during 
the winter peak season. Likewise, 6-
meter double-hop openings were few 
in number, especially to the Caribbean. 
Some Amateurs have speculated that 
E s propagation is more intense during 
low sunspot years, but I can't find any 
data to substantiate this. 

Recently, Ron Ham released his 
summary of the E s openings he 
observed in the UK for 1984 and the 
10 years before.8 I have plotted his 
observations in fig. 3. This data clearly 
shows the increase in numbers of E s 

openings during the high sunspot 
years. 

W A 4 M V I indicates that the taller 
thunderstorms, which usually in-
fluence the E s propagation, are more 
prevalent in years when sunspot activi-
ty is high! Therefore, for high £ s ac-

tivity, I'd say that we may have to wait 
until the sunspots increase again. 

In last year's column I noted that 
double-hop 2-meter openings have 
been reported in other parts of the 
world but not in the USA . I stand cor-
rected; there have been some here — 
of special interest were the ones on 12 
July 1982. During this fantastic open-
ing VE1SPI was operational from St. 
Paul Island, a separate DXCC country 
in the St. Lawrence River. VE1SP) 
made about 250 2-meter contacts. Of 
note is that the operator, VE1ASJ , 
reported that he could clearly surmise 
double hop: for example, first only 
W8 ' s and W0 ' s were heard, then only 
W3 ' s and W9 ' s , etc. 

VE1UT in New Brunswick noted a 
similar pattern during this opening. 
Although I may not have located the 
best DX to occur during that opening 
(write to me if you can top this), the 
longest documented 2-meter contact, 
listed in table 4, was clearly a double-
hop QSO. With a little bit of luck, we 
may someday see coast-to-coast 2-
meter openings! 

Sporadic-E propagation is surely bad 
news to TV and FM stations. In Europe 
the lower-frequency TV stations are 
slowly being replaced by VHF assign-
ments and in the UK all of the low-
band TV channels are now silent. This 
will make it more difficult to observe 
long DX openings by monitoring Euro-
pean video carriers as we did during 
the last solar cycles.' 

However, there are now more 6-
meter beacons worldwide with recent 
additions including one in the UK 
(GB3SIX) and another in Greenland 
(callsign unknown). They complement 
the ZB2BL, FY7THF, KH6EQI and 
KG6JIH beacons, most of which oper-
ate between 50.0-50.1 MHz. 

The UK has now licensed over 100 
Amateurs to operate on 6 meters out-
side of the TV hours on the continent. 
Norway has also licensed at least 25 
Amateurs with the same provisions. 
The lower TV channels in the UK are 
all gone now and the Norwegian TV 
assignments in this spectrum are 
scheduled for shutdown by 1986. 
Hence, the chances of European DX 
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on 6 meters are improving, and more 
countries are looking at Amateur 
assignments. 

Just as this manuscript was going 
to press, I received a note that Sid 
Lieberman, WA2FXB, has developed 
a method to predict possible E s open-
ings using the K indices from WWV. 9 

Perhaps he'll be able to shed some 
light on the prediction of E s openings. 
E s propagation is still widely studied 
and we may someday be able to 
predict it with good accuracy. 

T.E. scatter. Trans-equatorial scatter 
has not been too common lately ex-
cept on 6 meters in the equinoctial 
time periods. Hopefully more work can 
be done when cycle 22 begins and the 
necessary solar activity reappears. 
Likewise, equatorial FAI (field aligned 
irregularities), ionospheric scatter, and 
midlatitude FAI propagation are lower 
in these low sunspot years but they will 
return! Table 4 shows that within the 
USA there has been some real 2-meter 
DX via midlatitude FAI. 

Aurora. This mode of propagation is 
also heavily dependent on solar activ-
ity, and in particular, solar flares. I've 
been told that the incidence of auroral 
propagation increases with solar activ-
ity, but that the greatest number of 
auroras appears when the sunspots are 
declining. 

This is why I keep careful notes in 
my logs on known auroras. Sure 
enough, there's a definite trend. 
Figure 4 shows a plot of the number 
of auroral openings I've observed over 
the last eight to ten years. Note the 
increase in auroral openings as the 
sunspots decreased in 1982. 

G2FKZ has plotted auroras since 
1932.'° He notes that the highest inci-
dence of aurora on a month-by-month 
basis occurs in April, September, and 
October, in that order. December, 
January, February, and November are 
significantly lower in activity, with only 
about one-fourth the occurrences of 
April, September, and October. (See 
fig. 5). 

I've been told that Canadian 
Research Labs (CRL) has done a lot of 

table 4. North American claimed VHF/UHF/SHF DX records, listed alphabetically by 
the most common modes of propagation. The (tropo) ducting records are for paths 
that are mostly over water. (See text for how these records were determined and 
how you can challenge or add to those records shown.) 

D X 
band record holders date mode miles (km) 

2 meters K2RTH-W5WAX March 8, 1970 aurora 1221 11964) 

VE1UT-VK5MC April 7, 1984 EME 10985 (17,676) 
K0UDZ-VE1UT July 12, 1982 E s 

1832 (2947) 
W5HUQ/4-W5UN July 25, 1983 FAI 1229 11977) 
K1ABR-W50RH August 12, 1968 M S 1469 (2364) 
KP4EOR-LU5DJZ February 12, 1978 TE 3933 (6328) 
K1RJH-K5WXZ October 8, 1968 tropo 1465 (2358) 
KH6GRU-WA6JRA July 29, 1973 ducting 2591 (4169) 

135 cm W1FC/1-W0VB June 13, 1982 aurora 1039 (1672) 
K1WHS-KH6BFZ November 17, 1983 EME 5058 (8139) 
WB4NMA-W5FF August 12, 1983 M S 1273 (2048) 
KP4EOR-LU7DJZ March 9, 1983 TE 3670 (5906) 
VE3EMS-WB5LUA September 28, 1982 tropo 1181 (1901) 
KH6UK-W6NLZ June 22, 1959 ducting 2540 (4087) 

70 cm K1PXE-W0RAP July 13, 1982 aurora 957 (1540) 
K2UYH-VK6ZT January 29, 1983 EME 11567 (17,612) 
W2AZL-W0LER August 12, 1972 M S 1020 (1641) 
WA2LTM-WB5LUA September 10, 1979 tropo 1310 (2108) 
KD6R-KH6IAA/P July 28, 1980 ducting 2550 (4103) 

23 cm K2UYH-VK5MC December 6, 1981 EME 10562 (16,995) 
WA40FS -W5VY March 25, 1985 tropo 1046 (1683) 
KH6HME-N6CA June 24, 1984 ducting 2472 (3977) 

13 cm PA0SSB-W6YFK April 5, 1981 EME 5491 (8836) 
W4HHK-W8YIO July 28, 1983 tropo 583 1938) 

9 cm K6HIJ/6-W6IFE/6 June 18, 1970 LOS 214 (344) 

6 cm K5PJR-K5FUD September 20, 1977 tropo 267 (430) 

3 cm W7JIP/7-W7LHL/7 July 31,1960 LOS 265 (426) 
WA4GHK/4-WD4NGG August 7, 1984 ducting 297 (478) 

12 mm W2SZ/1-W2JVF/2 September 8, 1984 LOS 53 (86) 

6 mm W2SZ/1-WA2AAU/1 June 13, 1982 LOS 0.3 (0.5) 

10 /tm 
and up WA2GFP/2-K2KXS/2 June 10, 1983 LOS 0.2 (0.3) 
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aurora research, but I haven't yet 
received any of their papers. CRL has 
noted that the auroral oval stays fur-
ther north during low sunspot years 
and extends southward during years of 
high sunspot activity.1 This would ex-
plain why some of the southern por-
tions of the United States, which rarely 
see auroral propagation, were treated 
to some good openings during the 
peak of cycle 21. Radio aurora wasalso 
the subject of a recent QST article.'1 

In summary, auroras may decrease 
in frequency during the next few years 
but they will not disappear entirely. 
Look for a W W V K index of 5 or 
greater for an early indication of 
aurora.1 If you plot the W W V K indi-
ces, you'll find that auroras often 
return 28 or so days later. NOAA's 
weekly report is also valuable in sum-
marizing past data and predicting 
future sunspot, A and K indicies.12 

Meteor scat ter . This is " the fun 
mode" that heretofore wasn't thought 
to have been affected by solar activity. 

Some Swedish scientists, however, 
now report that from their observa-
tions, meteor scatter propagation 

seems to improve during the period of 
low solar activity.13 

For instance, meteor counts made 
by radars in Sweden were higher by a 
factor of 2 during the sunspot mini-
mum in 1963 than during the maxi-
mum in 1956-57. They also found that 
while the beginning heights of meteor 
trails varied little from year to year, the 
terminal heights were 6.84 miles (11 
km) higher at sunspot minimum. Hence 
the meteor showers during the next 
few years should improve. Couple this 
with the possibility of a link between 
Halley's comet (arriving in late 1985) 
and some of the major meteor showers 
(such as the Eta Aquarids and the 
Orionids) and we could see some 
superior meteor shower performance 
to offset other sunspot-related pro-
pagation modes. 

The amount of data available 
strongly supports the technique for 
predicting meteor shower peaks 
described in my June, 1984, column.14 

In fact, this method predicted the 1985 
Quadrantids shower peak to within 
hours of its beginning. But there 
seems to be some disagreement on the 
accuracy of using the ecliptic longi-

tudes as shown in table 2 in that arti-
cle. Due to slight shifts in the earth's 
orbit, errors of a few hours will grad-
ually creep into the ecliptic longitude 
at 0000 UTC as the years go by. 

However, the use of the computer 
program provided in f ig . 1 of the July, 
1984, article is thought to be a more 
accurate method for predicting the 
peaks. This all may be somewhat aca-
demic because most showers last 24 
to 48 hours during peak (greater than 
25 percent of maximum), so table 2 
should be OK for the next few years. 

In the same column, I made a nega-
tive comment about packet radio met-
eor scatter contacts. Since that article 
appeared, the first documented con-
tacts have taken place on 6 and pos-
sibly 2 meters. My remarks were made 
in a tongue-in-cheek fashion as a joke 
with one of my packet radio friends, 
Jeff Moore, KQ1E. Those who know 
me know that I'm never going to stand 
in the way of progress . . . but there's 
something about actually hearing and 
completing a meteor scatter QSO. For 
some, this means seeing a message 
appear on a CRT! Go to it. I won' t 
stand in your wayl 

Meteor scatter communications is 
one of the most important propagation 
modes for the VHF/UHFer. More work 
has to be done, especially on 135 and 
70 cm. There are many unused 
showers available for exploration. The 
use of the VHF/UHF calling frequen-
cies is a good step toward increasing 
random contacts. Home computer 
programs for predicting meteor shower 
peaks as well as optimum direction and 
time of day are very powerful tools. 

EME. This mode of propagation has 
really taken off. In 1984, there were 
reported contacts on 6 and 2 meters 
as well as on 135, 70, 23, and 13 cm! 
Techniques and equipment are steadily 
improving. Low-cost GaAs FETs are 
now available that will deliver the 
ultimate in low noise figures required 
for EME.15 

Most of the EME action is on 2 
meters and 70 cm. Some of the larger 
2-meter stations have huge arrays,16 

which allows smaller stations, with a 
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single Yagis and moderate power (500 
watts output), to routinely make con-
tacts with the larger stations using a 
rising or setting moon. 

Although the 135-cm band has been 
very much ignored by the EMEers, it's 
a terrific band for EME. Antenna sys-
tems are not as critical and are only 
50-75 percent of the size required for 
2-meter EME. Because the sky noise is 
lower, the signals are stronger. All the 
necessary 135-cm EME components 
can now be built or purchased.17 

Warning: this is a band we could lose 

if we don't start using it properly.™ 

EME on 70, 23, and 13 cm is matur-
ing rapidly. Over 40 DXCC countries 
are available on 70 cm on all contin-
ents. Twenty DXCC countries from 
five continents are now active on 23 
cm and almost ten countries are on 13 
cm. On 23 and 13 cm, the parabolic 
dish is king. If low-noise GaAs FET 
preamplifiers are used, echoes can be 
obtained with as little as 100 watts and 
a 13-foot (4 meter) parabolic dish. 

The stout-hearted and others in 
search of a real challenge should give 
EME a try. Still quite an adventure, it's 
an excellent proving ground for new 
equipment. I think we'd be at least five 
years behind in antenna technology to-
day if it weren't for the need for high-
gain efficient Yagi antennas required 
for EME. Now these same antennas 
are being used to improve perfor-
mance On other, more conventional, 
propagation modes. 

Weather- re la ted propagat ion. 
Watching the weather and trying to 
predict it was a hobby of mine until I 
discovered Amateur Radio. This back-
ground has served me especially well 
since I began working the VHF/UHF 
frequencies. 

Over the years I've noticed a strange 
weather phenomenon, especially in cli-
mates that experience temperature 
changes of greater than 75 degrees F 
(42 degrees C): there seems to be 

more than four distinct seasons. 

According to my "Five-Season 
Weather Calendar," the weather 
appears to change on five key pivot 
calendar dates, 73 days apart. I find 

that March 1 is a good reference point 
for determining the first pivot date. 
The other dates are May 13, July 25, 
October 6, and December 18. 

What I notice is that the weather in 
any particular area of the country 
around each pivot date (± 1 week) 
gives an indication of the weather to 
be expected during the next 73-day 
period. For instance, if the weather is 
generally cold at the end of February 
through the first week of March, the 
weather to follow will probably be cool 
until the next pivot day (May 13). 
Likewise, in the northern hemisphere, 
moderate temperatures near the weeks 
surrounding December 18 portend a 
milder winter season. 

Furthermore, this five-season 
weather concept seems to be in step 
with radio propagation. For instance, 
the Es season seems to begin around 
May 13 and is usually almost over by 
July 25. Could it be that the jet stream 
moves in approximately 73-day incre-
ments? Hurricanes in the United States 
seem to form in late July and are usu-
ally over by early October. Is this con-
cept only a figment of my imagination? 
Or is it really so? 

Tropospheric propagation. There's 
no doubt that tropospheric propaga-
tion, tropospheric ducting, and super-
refraction are directly related to the 
weather patterns. As mentioned in ref-
erence 1, long-haul tropo DX seems to 
come after a slow-moving high-pres-
sure area (greater than 30.27 inches of 

1025 millibars on a barometer) is fol-
lowed by a moist low-pressure system. 
Recently, VE3CIE wrote an interesting 
article on tropo propagation as related 
to meteorology.19 

The past year has seen some good 
long tropospheric openings both in 
North America and Europe. First there 
was the ducting from California to 
Hawaii when KH6HME and N6CA fi-
nally made the grade on 23 cm. At the 
time a tropical depression was noted 
on the southern side of the path off 
Baja, California. As in the past open-
ings, the signals disappeared a few 
miles inland at the California end of the 
path. 

Next came the openings between 
the Canary Islands (EA8) and the 
United Kingdom in July. This opening 
was also a function of ducting, since 
only stations near the coast of south-
ern England and Wales were able to 
hear the EA8 stations. Signals were 
strong and relatively small stations (10 
watts) were able to make contacts. 

Finally came the fantastic opening 
that extended from New England and 
New York to Florida during the ARRL 
September VHF QSO party. This was 
a classic opening that was clearly a mix 
of normal tropo and ducting. The ba-
rometer was very high — and right off 
the east coast was the large hurricane 
Diana! Who says there's no link be-
tween hurricanes and good DX? 

The salient feature of this opening 
was the evidence of an elevated duct. 
The stations located at least 500 feet 
(150 meters) above sea level were par-
ticular favored. W2SZ/1 and W1XX/2 
were over 3000 feet (900 meters) above 
sea level and they reported that mak-
ing long-haul contacts was like shoot-
ing fish in a barrel. W2SZ/1 operators 
noticed a distinct haze layer above and 
below their mountaintop location in 
the early morning. 

WA4MVI, a private pilot, decided to 
observe the opening from the air. He 
loaded his 70-cm gear, including a five-
element Yagi, into a small plane. He 
then flew at various elevations over the 
western tip of South Carolina and into 
North Carolina to see if there was a 
duct and, if so, where it was located. 
At 750 miles (1200 km) from W2SZ/1, 
he was able to continuously monitor 
their 70-cm signal strength from 
approximately ground level to about 
14,000 feet (4,267 meters). He found 
a duct between about 4000 feet (1200 
meters) and 10,000 feet (3050 meters). 
Signals in the duct were typically 20 dB 
over S9. However, signals abruptly 
weakened above and below the duct, 
dropping to almost inaudible at ground 
level and at 14,000 feet. His temper-
ature-versus-elevation observations 
showed a more or less constant value 
within the duct instead of the normal 
decrease with increasing altitude. He 
also noted that the wind speed in the 
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duct was very high — typically 40 
knots — and that the wind came from 
the east. However, above and below 
the duct there was only a moderate 10-
knot wind — coming from the wesf! 

In mid-December, when such phe-
nomena are rare, another east coast 
tropospheric duct period was in evi-
dence. Also present, just off shore, 
was an unwelcome guest — hurricane 
Lily! (The weather reports said that this 
was one of the few hurricanes ever 
seen in that part of the Atlantic Ocean 
during the month of December.) 

And how about the terrific openings 
during the ARRL VHF contest in Sep-
tember, 1979, when hurricanes David 
and Frederic were both off the South-
eastern coast of the United States? 
Again, the link between hurricanes and 
good long-haul V H F / U H F DX seems 
difficult to dispute! 

Openings such as this prompt some 
hams to remark "Oh, the bands are 
always open. It's just that we don't 
have all that mountaintop activity out-
side of the contests." This just isn't so. 
Most of the V H F / U H F contest dates 
are planned to coincide with periods 
known to have good radio propaga-
tion. Mountain-toppers are always 
active, especially during contests, but 
they usually experience only the nor-
mal extended range expected for an 
elevated QTH. To have an extended 
opening, you have to have the right 
ingredients: proper weather and 
location. 

In my July, 1984, column I stated 
that ducts do not extend far inland. 
This statement applies mainly to the 
oceans, especially when the land near 
the coast is hilly or mountainous. The 
Gulf of Mexico does not fit this 
description but instead acts more like 
a large inland body of water sur-
rounded by relatively flat land. As a 
result, ducting can move inland. 

This is most noticeable on the path 
between Texas and Florida, especially 
between the months of February and 
May. Just as this column was being 
completed, I learned of a particularly 
long DX contact (approximately 1046 
miles or 1683 km) on 23 cm, between 
W A 4 0 F S (St. Cloud, Florida) and 

W 5 V Y (San Antonio) - see tab le 4. 
Both stations are very far inland. 

t h e next few years should prove 
very interesting as the jet stream 
moves slightly because of lower sun-
spot counts. Will tropo propagation 
disappear? I doubt it very much — but 
it may favor different areas of the 
country than it does during the high 
sunspot years. 

Lightning scatter. Over the past year 
I 've had many reports from individuals 
who've used various scatter mecha-
nisms. W 7 B Y F informed me that he 
made what was undoubtedly a light-
ning scatter contact when he was 
W 8 N A F in Dayton, Ohio. In July of 
1958 he worked W 8 K A Y in Akron, 
Ohio, on 2 meters, with both stations 
pointing their antennas at a lightning 
storm center in Ft. Wayne, Indiana. 
Several other stations also worked 
W 8 K A Y by the same technique. 

To work lightning scatter, set up a 
schedule for 15-30 minute periods with 
a distant station. Each station trans-
mits for 1 minute — one on the odd 
minute and the other on the even min-
utes. Listen carefully when working 
extended paths. More often than not, 
the signals will seem to appear almost 
out of nowhere. When signals appear, 
switch over to break-in procedures and 
enjoy a quick snappy QSO. The better 
the location and the shorter the dis-
tance between stations, the longer the 
propagation will last. 

A i rcra f t scatter . VHF/UHFers often 
seem surprised when you mention that 
they may be using aircraft scatter 
propagation. However, scatter is often 
present on 200-400 mile (325-650 km) 
contacts even though it may not be 
obvious on the lower VHF bands. On 
70 cm and above, aircraft is most often 
responsible for extended daily con-
tacts. Using aircraft scatter requires 
some patience, since aircraft may be 
in the proper location for only a few 
minutes. 

Bar ium clouds. The jury is still out on 
whether VHF/UHFers can use these 
man-made ionization clouds, which 
apparently last for 15 to 30 minutes, for 

comunications. On Christmas morn-
ing, 1984, there was supposed to be 
a Barium cloud, dubbed the Christmas 
Comet, released over Peru at 70,000 
miles (21,336 km) altitude. Unfortu-
nately the test had to be rescheduled, 
so many persons missed their chance 
to try, and those who did were appar-
ently unsuccessful. These opportuni-
ties, which occur infrequently and 
often unexpectedly, deserve more 
attention. 

finding direction 

When working DX on the UHF 
bands, your antenna can have very 
narrow beamwidths . This requires 
good rotator accuracy as well as a 
knowledge of the correct beam head-
ings. One way to calibrate your rotator 
in the northern hemisphere is to aim 
your antenna at Polaris (the North 
Star). 

You can also use the sun. By con-
sulting your local daily newspaper for 
times of sunrise and sunset, you can 
estimate the time the sun passes 
directly south. Simply determine the 
midpoint between sunrise and sunset. 
For instance, if the sun rises at 5:30 
A M and sets at 7 PM local, the time 
of southerly transit or time when the 
sun is directly south will be 12:15 PM. 

A compass can also be used. But 
beware — magnetic north may be dif-
ferent than true north. Since many 
VHFers now use home computers and 
have direction bearing programs, it is 
easy to find the true bearing for mag-
netic north. For USA stations, just 
compute the direction of the magnetic 
north pole using the approximate coor-
dinates of 74 degrees north latitude 
and 101 degrees west longitude. For 
southern hemisphere stations, the 
southern magnetic pole is at approxi-
mately 68 degrees south latitude and 
144 degrees east longitude. This will 
give you the true direction indicated on 
a hand compass. 

summary 

Again, I've run out of time and 
space, but I hope the information pre-
sented will be useful. If you've never 
seen my July, 1984, column, I suggest 
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TRANSISTORS you obtain a copy of that issue, since 
this month's column is based on it to 
a large degree." 

Radio propagation is a fascinating 
science, and one that can be advanced 
by the Radio Amateur. New equip-
ment, increased activity, more propa-
gation beacons, and closer attention 
to possible openings has greatly 
helped. 
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CALL LONG DISTANCE ON YOUR HANDHELD 
T h e Model 3 3 5 A will deliver 35 watts of 

power using the latest stale-of- lhe-art cir-
cuitry, T h e amplifier will operate S S B or 
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m o s t h a n d h e l d t r a n s -
c e i v e r s , i n c l u d i n g the 
TR2400 , T R 2 5 0 0 , IC-2AT, 
Yaesu, Santec, and Ten-
Tec. Only 3 0 0 mw input will 
deliver 5 wal ls oul; 3 watls 
in will deliver 35 watts out. 
Max imum inpul drive level 
is 5 watts. 

Our products are backed by prompt fac-
tory service and technical assistance. To 
b e c o m e familiar wilh our other fine pro-

ducts in the amateur radio 
market, call or write for our 
free product and small parts 
calalog. 

Model 335 A 
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MRF453 60W 15.00 33.00 
MRF453A 60W 15.00 33.00 
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MRF237 1W 2.50 — 
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MRF648 BOW 29.50 69.00 
SD1416 SOW 29.50 — 
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2N4427 1W 1.25 — 
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2N6083 30W 9,50 — 

2N6084 40W 12.00 29.00 
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MRF138 30W 35.00 — 

MRF140 150W 92.00 — 

MRF1S0 150W 80.00 -

MRF172 BOW 65.00 — 

MRF174 125W 88.00 — 

technical Assistance & cross-ietvtence 
information on C D . I'I. Rt. SRF. SD P/Ns 
Call Engineering Dcul (6' 9) '••'••' 0 / 2 8 

RF Paris Ca ta l og Ava i lab le 
O E M & Quant i ty D i scoun ts 

161 

M i n i m u m Order $20 
W E SHIP S A M E DAY 

A d d $ 3 50 Sh ipp ing 
C . O . D . / V I S A / M C 

ORDERS ONLY: 800-854-1927 

hiS 
UlCfTCOm 

1320 Grand Ave. San Marcos 
Cal i forn ia 9Z069 (619)744-0728 
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DX 
FO R ECASTE R 

Garth stonehocker, KORYW 

summertime DX 
On the higher frequency bands, 

6 through 30 meters, summertime DX 
is usually very good. Between spor 
adic-E short-skip openings around 
noontime and the bands opening 
earlier and staying open longer, there's 
plenty of DX fun to keep us happy all 
day and well into the evening. On 80 
and 160, however, received signal lev-
els will be lower because of increased 
ionospheric absorption, and static will 
be higher. 

This QRN, propagated from the eq-
uatorial land regions, increases the 
overall average noise level of the lower 
HF bands, peaking at about 10 MHz, 
dropping somewhat, and then rising 
sharply just below 4 MHz. 

At any given moment, an estimated 
3600 thunderstorms are in progress 
around the world. They can be class-
ified as air-mass, frontal, or oro-
graphic, depending on how they are 
formed. Some are combinations of the 
three types — that is, an air-mass or 
f rontal s torm crossing a mountain 

range may rise with the change in 
elevation to become an orographic 
storm. 

Some regions of the country have 
a greater number and variety of 
thunderstorms than others. This is 
measured by the number of thunder-
storm days per year. (A thunderstorm 
day is a day in which at least one storm 
occurs.) Areas with 100 thunderstorm 
days or more are found in Florida and 
in the Rocky Mountains; the southern 
parts of Louisiana, Alabama, and 
Georgia see 80 days of thunderstorm 
activity. A band stretching across 
Nebraska to Ohio and then bending 
southward to North Carolina, and 

another reaching across New Mexico 
to Northern Texas, see 60 days, and 
the midwestern states between these 
bands experience 50 thunderstorm 
days. The main source of summertime 
QRN is the air-mass thunderstorm, 
which builds up from the sun's heating 
the ground and the air above it. 

Most air-mass storms form in after-
noons when the humidity is above 
about 50 percent, and last into the 
night before cooling off enough to 
dissipate. Unlike spring or fall frontal 
passage thunderstorms, which simply 
pass by, air-mass thunderstorms linger 
for several days until rain releases their 
moisture or they slowly move on. Dur-
ing the evening DXing hours air-mass 
thunderstorm QRN may limit the use-
fulness of low-band signals to local 
ragchewing and rule out weak-signal 
DX. 

So how do you get some DXing in 
on these bands? Most operators 
switch operating hours, giving up 
evenings in favor of the pre-dawn 
hours of early morning. By this time, 
the thunderstorms have dissipated to 
the east, locally, and are dissipating on 
paths to the west. This is a cool, com-
fortable time of the day to be up and 
around. 

last-minute forecast 
The best opportunity for good DX 

conditions on the higher frequency 
bands, 10 through 20 meters, will oc-
cur during the last week and a half of 
the month, when the solar flux may be 
a little higher. (Listen to WWV at 18 
minutes after the hour for the solar 
flux. Any value above 80 is high.) Six 
meters can have openings anytime 
during the month. The middle of the 

month will favor working short-skip 
both day and night on the lower fre-
quency bands. Disturbances are more 
likely around the 1st, 9th, 18th, and 
28th days of July. 

A full moon will occur on the 2nd 
and 31st; perigee (closest approach of 
the moon) is on the 25th. The Aquarids 
meteor shower begins on July 18, 
peaks on the 28th, and lasts until 
August 7. (All dates are approximate, 
but close.) The radio-echo rate at max-
imum is about 34 per hour. 

band-by-band summary 

Six-meter paths will open for a half 
hour to a couple of hours on some 
days around local noon. Sproadic-E 
propagation will make this short-skip 
path possible out to nearly 1200 miles 
(2000 km) per hop. 

Ten, fifteen, twenty, and thirty meters 
will support DX propagation from most 
areas of the world during daylight and 
into the evening with long-skip out to 
2000 miles (3500 km) per hop. Spor-
adic-E short-skip will also be available 
on many days for several hours near 
local noon. The direction of propaga-
tion will follow the sun across the sky: 
morning to the east, south at midday, 
and west in the evening. Long daylight 
provides many hours of good DXing. 
Solar flux is so low this year that 
daytime absorption allows higher sig-
nal strengths than usual on these 
bands during this month. 

Thirty, forty, eighty, and one-sixty 
meters are the nighttime DXer's 
bands. On many nights 30 and 40 
meters will be the only usable bands 
because of thunderstorm QRN. Try 
the pre-dawn hours for the best DX. 
The direction of propagation follows 
the darkness path across the sky: eve-
ning to the east, south around mid-
night, and toward the west in the pre-
dawn hours. Distances will decrease to 
1000 miles (1600 km) for skip on these 
bands. Sproradic-E openings will be 
most frequently observed around sun-
rise and sunset. These may be the only 
signals getting through the noise in the 
evening. Again, because of low solar 
flux, daytime DX — particularly in the 
mornings — may be good this month. 
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MOSLEY.. .A Better Antenna.. . 
For New and Old 

•EASY ASSEMBLY ' 2 YEAR WARRANTY 
•NO MEASURING 'LOW SWR 
•ALL STAINLESS HARDWARE 'BUILT TO LAST 

products 

Kenwood TS-940S 
HF transceiver 

Kenwood has announced the release of its 
new HF transceiver, the TS-940S. Designed with 
the serious HF operator in mind, the TS-940S 
features all the latest state-of-the-art features. 
High performance interference rejection circuits 
and a high dynamic range receiver, combined 

with a superior transmitter and excellent audio, 
provide power for working those really tough 
ones. Casual DXers as well as contest operators 
give Kenwood high marks for QRM fighting 
features such as SSB slope tuning, variable CW 
bandwidth, notch, AF tune and CW pitch 
controls. 

The TS-940S covers all HF Amateur bands — 
including the new WARC bands — and is a gen-
eral coverage receiver for 160 kHz to 30 MHz. 
Fully self-contained, the unit will operate on FM, 
SSB, CW, AM, and FSK RTTY; there are no 
extra modules to buy. The TS-940S has two 
optically encoded VFOs and features 40 non-
volatile memory channels in four groups of ten. 
You can QSY instantly by using the keyboard 
on the front panel; just enter the frequency you 
want. The TS-940S has an LCD sub-display that 
shows CW, VBT, SSB slope tuning as well as 
frequency, time and status of the optional 
AT-940160-10 meter automatic antenna tuner. 

Kenwood offers a full line of optional acces-
sories such as the AT-940 160-10 meter auto-
matic antenna tuner, SP-940S external speaker 
with audio filtering, a full line of both first and 
second IF crystal filters so that performance can 

be tailored to individual tastes, and the VS-1 
voice synthesizer, to name just a few. 

For more information, contact Trio-Kenwood 
Communications, 1111 West Walnut Street, 
Compton, California 90220. 

AS switches focus, changes 
name, and offers free 
samples to ham radio readers 

After 18 years of providing in-depth reporting 
of news and technical developments in Fast 
Scan TV, A5 is expanding its range to include 
coverage of other modes of specialized commun-
ications in Amateur Radio. While FSTV will re-
main the primary object of interest, NBTV, 
MSTV, SATV, TVRO, SSTV, FAX, RTTY, 
AMTOR, Packet, OSCAR, EME, and other 
modes will be addressed in an extended format. 

With the change in editorial focus comes a 
new name: SPEC-COM* SPEC-COM will be 
published ten times a year. One-year subscrip-
tions are available for $20; special six-month trial 
subscriptions are available to new readers at $10. 

F o r a f r e e s a m p l e c o p y a n d f u r t h e r d e t a i l s , 

contact SPEC-COM — Specialized Communica-
tions Journal, P.O. Box H, Lowden, Iowa 52255. 
(Allow two to three weeks for delivery.) 

cable ties 
Available in packages of 20 ($7.00), FLEXLOC 

reusable cable ties are ideal for bunching cables 
attached to Amateur Radio equipment, comput-
ers and peripherals, home entertainment sys-
tems, A /V devices, and other electronic and 
electrical hardware. Their quick-release ("pinch 
of the fingers") lock enables repeated re-use. 
Made from tough, flexible nylon (Type 66), 
FLEXLOC has a tensile strength of 50 pounds. 
Each 10-inch fastening strap is self-locking with 
a ribbed backing that permits diameter adjust-
ments up to 2-3/4 inches and secures the bundle 
until release. 

1 f r 
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Whether you are jusl s a i l i n g out or trying to 
complete the Honor Roll, Mosley oilers a Full 
Line ot Tri-Banders which will mechanically and 
electronically outperform the competition. For 
the new ham with limited space and pocket 
book, start with our TA-31 Jr. rotalable dipole. 
You can make our TA-31 Jr. into a 2 or 3 element 
as your needs increase. 
II you start with the need to run nigher power, 
then the TA-31 is tor you. This also can Be made 
Into a 2 or 3 element beam as you expand your 
station. 

CL-3B 

For the ham lhat wanls a little more perlormance 
out ol a Tri-Bander out Is limned in room, then 
our CL-33 on a 18 loot boom Is the way lo go. 
For those lhat want MONO BAND performance 
out ol a Tri-Bander, want lo hear belter, and be 
louder, the CL-36-ls lor you. 

PRO-37 

For the ham lhat wants lo start right at the lop, 
the PRO-37 is the antenna that will give you king 
ol the hill performance. It Is the broadest band-
ed. highest power, best performing Tri-Bander 
in our line. 

Compare ours betore buying any other antenna 
All stainless standard, all heavy telescoping 
aluminum elements which means Hotter quality 
and no measurement. Ease ol assembly gives 
you a quality antenna with consistent perfor-
mance, Our elements are pre-drllled so you will 
gel the same perlormance as we do. All ol our 
Trl-Banders come with a 2 year warranty. 
II you are a new ham and are not lamiliar with 
MOSLEY, ask an-older ham about us or call Ihe 
PRESIDENT ol MOSLEY. He will be glad to ex-
plain why MOSLEY is A BETTER ANTENNA. 

These and other MOSLEY products are available 
through your lavorite DEALER Or write or call 
MOSLEY lor Ihe DEALER nearest you 

AMamfmi 

!M.I asun B! VI) St LOUIS MISSOURI 53132 

1-314-994-7872 1-800-325-4016 
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IF YOU'RE STILL USING AN 
OLD STYLE ROTOR 

CONTROL MAYBE YOU 
SHOULD CONS IDER THIS... 

B U Y T H E A N T E N N A 
C O N T R O L L E R 

O F T H E F U T U R E 
T O D A Y I 

A PRO SEARCHT 

ANTENNA CONTROL 
FULLY COMPUTERIZED 

S M A L L 
IN S I Z E 

3'-.i "H x 5 VW x 6"D 

10 M E M O R I E S 
F O R S T O R I N G 

Y O U R F A V O R I T E H E A D I N G S 

O N E Y E A R FULL W A R R A N T Y 

P R O - S E A R C H Is Adaptable To Many 
S y s tems . S imple To Install 

No Modif icat ions Are Necessary, 

Presently we're having our Spr ing 
Special. A PSE-1. u sed with the C & E 
Series. Now only $299.95 plus ship-
ping. Regular retail price S419.9I. Of 
fer g o o d until J une 15th, 1985. Order 
Early. We expect a back order problem 
due to demand and availability of 
parts. 

A l so ask about our Spr ing Rotor. 
Antenna and Unit Special. 

CALL N O W 1-800-325-4016 

Control lers til s o available tor airier rotors 

prices and spocitictilton* subject tochariot* 
without notice or obligation 

U S nritl Forotnn P a i e n H 

DRAKE R-4/T-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of-the-art performance. 

Most types available 

INSTALL KITS TO UPGRADE 
PERFORMANCE! 

• B A S I C Improvement 
• Audio Bandpass Filter 
• Audio IC Amplifier 

TUBES $23 PPD KITS S25 PPD 
OVERSEAS AIR S/ 

SARTORI ASSOCIATES, W5DA 
BOX 832085 

RICHARDSON, TX 75083 
214-494-3093 ^ 169 

S Y N T H E S I Z E D 

SIGNAL GENERATOR 

MADE IN 
USA 

MODEL 
SG-100F 
$429.95 
dBllVBIWl 

• Covers 1 0 0 M H z to 1 9 9 . 9 9 9 M H z in 
1 k H z steps with thumbwheel dial • 
Accuracy + / - 1 part per 1 0 million at all 
frequencies * Internal F M adjustable from 
0 to 1 0 0 k H z at a 1 kHz rate • External F M 
input accepts tones or voice • Spurs and 
noise at least 6 0 d B below carrier • O u t -
put adjustable from 5-500 m V at 5 0 O h m s 
• Operates o n 1 2 V d c © s k A m p • 
Available for immediate delivery • $429.95 
delivered • A d d - o n accessories available 
to extend freq range, add infinite resolu-
tion, A M , and a precision 1 2 0 dB attenuator 
• Call or write for details • Phone in your 
order for fast C O D shipment. 

VANGUARD LABS 
196-23 Jamaica Ave., Hollls, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 
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7 MILLION TUBES 

FREE CATALOG 
Includes all Current, Obsolete, An-
tique, Hard To-Find Receiving, 
Broadcast, Industrial, Radio/TV 
types. L O W E S T PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 

P.O. Box 213 ^ 171 

Elizabeth, NJ 07206 

products 

For further information, contact Visual Depar-
tures, Ltd., 1641 Third Avenue, Suite 202, New 
York, New York 10128. 

Circle #302 on Reader Service Card. 

full half-wave UHF antenna 
for portables 

Larsen Antenna's new KD 14-450-HW an-
tenna, a full half-wave UHF antenna for porta-
bles, interfaces with any BNC output portable. 
Said to offer performance equivalent to a full 
quarter wave on a perfect ground plane, the K D 
14-450-HW is appropriate for any UHF applica-
tion requiring maximum performance. Because 
of its inherent resonance, it may be easily 
remoted via a coaxial line from the portable. The 
overall whip length is 12 inches; the impedance 
transformer at the base of the whip is 3.25 inches 
long. 

For more information, contact Larsen Elec-
tronics, P.O. Box 1799, Vancouver, Washington 

Circle #303 on Reader Service Card. 

scope memory 
Sibex, Inc. has introduced a new device called 

the Scope Memory. This instrument attaches to 
your oscilloscope and converts it into a high per-
formance digital storage scope. The Scope 
Memory can be an economical answer for the 
service technician, hobbyist, or manufacturing 
firm that needs a storage scope but cannot justify 
its expense. 

The Scope Memory stores low frequency sig-
nals, transients, and one-shot pulses in a single 
sweep. It stores both analog and digital signals 
and features 18-selectable sampling times with 
a 1.4 MHz maximum rate, an 8-range input selec-
tor with over-range indication and a wide vari-
ety of triggering modes. 

The pre- and post-trigger modes allow view-
ing the waveform that occurs both before and 
after an event. This feature makes the device a 



useful tool for trouble shooting. The price is 
$515.00 plus shipping. 

For additional information, contact Sibex, 
Inc.. 2340 State Road 580, Suite 241. Clearwater, 
Florida 33515. 

Circla /304 on Reader Service Card. 

ATV transceivers 
P.C. Electronics has introduced a new corn-

pact 1-watt 70-cm ATV transceiver aimed at in-
troducing hams to the video mode. 

The TC70-1 ATV transceiver accepts standard 
composite video input from any source. Video 
and audio input RCA jacks on the rear panel are 
provided for connection to black and white or 
color cameras, computers, VCRs, and TVROs. 
A front panel switch selects video and audio 
input from these jacks or from the 10-pin con-
nector provided for direct connection to many 
of the popular color cameras made for portable 
VCRs. 

Audio input is selected from the color camera 
microphone or line level from the rear panel jack. 
In addition there is a microphone input that 
accepts any low impedance dynamic micro-
phone. Next to the microphone input is a mini 
jack for PTL. A "push-to-look" feature resembles 
push-to-talk on audio-only transceivers, can be 
used for microphone or remote transmit receive 
switching or the front panel toggle switch may 
be used. 

Full-color live action video and sound are 
transmitted with over 1 watt PEP on one or two 
selected crystal controlled frequencies in the 
range of 425 to 440 MHz in the 70-cm Amateur 
band. The line-of-sight snow-free radius with 
TC70-1s and KLM 440-27 antennas at each end 
is 15 miles. The unit was made small and com-
pact (7 x 7 x 2.5 inchesl for portable use, but 
either a 20-watt or 50-watt video compensated 
RF linear amplifier for greater distance, base or 
mobile, is available. 

W( SHIP WORIOWIOI _ ^ 

Barru Electronics Corp. 
W WORLD WIDE A M A T E U R RADIO SINCE 19S0 I 

Vour one source for all Radio Equipment! 

Kit TV SAYS: WE ABE NOW OPEN 7 DAYS A WEEK 
Saturday & Sunday 10 to 5 P.M. 

Monday Friday 9 lo 6:30 PM Thins, to a PM 
Come to Bimy's tot the bast buys In town. 

ONV Sotow 
bettS'ln slack 

For the bost buys In town call: 
212-925-7000 

Los Procjos Mas Bajos en 
Nueva Yoifc 

I Barry's l l Busting Out All 0*8f with 
I Summit Savings, tizy. Tool, Kitty 
' WA2BAP, Mark K2COH. Jan XB2RV 

K E N W O O D ftS«™» 

n u c o M 
IC R'm. 1C /SI. ICMi. ICJMlM, IC 37A. IC47A. 
IC-1271A IC 271M1IC-3200A. IC-47I AIH. IC-735 

r 

Y/Z"iBSsSy 
FT ONE. FT-M0, FT-7570* .FrlG-8800 

FT-720R. FRG-9600, FT.270HH. FT 2700RH 
VACSU (COM 
R VMtllM IG2AT 

LOl'AT nc ((*»} c-(MAt i. 

»i,u 
w m Mn',11"....'...!• 
Moale* 

HMO, H-1000. R200G. TS940S/AT 
TS 430S.TR 3600A. TH 7950, 
TVM000A. Krjrmood Seivreefftepair 
TH2I/31M1AT.TM21IAI 
411AA TS7l)A/8m MX/UK) ttanK*..*, 
WMwriBE EnwawsKiis 

Da»»£ nrrvniiTOR Ufluimi , 

VoComlMlragerOalwa t.,ir(|i.' mvimtaty ol 
Tokyo Hy-Pawor Santon Wire a Cabltt 
AmpHtlnrs & 
SI8XHT Gam AMERITRON AMPLIFIER AUTHORIZED DEALER 
Antennas IN STOCK 

Computer Interlaces 
stocked: MFJ I224 
AEA CP-1, PKM. DR.DX 
CP-100, ATU, Di OSO. 
Morso Univeraity 

| MICROLOC AIR t. Ai, Di'.k. 
SWL.MorsoCoaclt 

KANTRONICS 
| UTU, IMaililce It, C'>,iH, 

EIMAC 
3 M0? 
572B.GJS6C 
tier/AS 
4 400A 

AEA 144 MHZ 
AEA 220 MHz 
AEA 440 MHz 
ANTENNAS 

UII10 
Witllmelnrs 

(rip r„ i, n t •, Trfj 
In Stock 

BENCHER PADDLES. 
BALUNS. AUDIO FILTERS, 

IN STOCK 
MIRAGE AMPLIFIERS 

ASTRON POWER SUPPLIES 
Atlnco/Falcon Amps 

New TEN TEC 
2591 MT, Coraaiis, Argosy ll, Century 22 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY, NEW YORK CITY. NY 10012. 

Naw York City's URCESt STOCKING HAM OEAlEfl 
COMPLETE REPAIR LAO ON PREMISES 

"Aquf S* Hibta EepenoP' 
BARMY INTERNATIONAL IEIEX l?-7670 
MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 
UMKU.-lorli.lAU lor, srsI'M Ifu-SiM. lt>S I'M :Ulll<lU» A SumU« 10 A M to 5 I'M 1 (Ml l>»t>.n|H 
AUTHOHIZEDOISTS MCKAV DYMEK FOR 
SHORTWAVE ANTENNAS A HECElVERS 

IRT/LEX "Spilno St.Station ' . 
Subwaya: BMT'Pnnco SI Station- .. 

IND -F T.ain Bwy Station " 
Bus' Bioadwny *6 to Spring St. a*,** 

P«th-9ihSixiriA«* button. 

1 (COM IMXON 

Wo Slock AEA, Aft Hi . Alpha, Ameco, Antenna Socialists. Asiatic. A»lio»i, B & K. B & W Baih. Btnchof. 0ird. Butternut COE. CES, Collins. Cornmunicalion* Spoc Connectors. Corefcrall, Cosha*H. Doiwa. Dwitroa 0tam»i. Drake, OO |AIp»ia), Efmac, Encomrr. Hell Sound, Homy. Hustler <N«w1»ofllc»), HyGnin. Icom. KLM, Kanlronlcs. Uisnn. MCM (Oaiwa). MFJ, J.W. Mltlci, MlniPioductv Mi.aga. Nawlronici. Nye Viking. Pfttcmar, RF Products. Radio Amatoui CallbooK. Robot, Rockwall Colllrii. Saiton SJune, falai, Tempo. lon Tec, Tokyo HI Powot. Triony* TUBES, W2AU. Wabar, WHaon. Yaasu Him and Commercial Rndm. Vocom, Vibfoptc. Cuitl&, Trl•£». Wacom Ouptows, Kapsatm, ffwlps Oodgv, Finon imotco<t»»,, Scanrwr?. Cfynai* , n*d<o PoWicallonj. 
WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 

HEALER INQUIRIES INVITEO »'KON£ IN YOURUMOCR A BE MtlMQliRSED 
COMMIRCiAI. ft AO (OS atoekod A ..nrlcd on pr.ml.... 

Amateur Radio Courses Glwon On Our Premises, Calt 
Export Or dor a Shlppod tmmadlaUly. TELKX 12-7070 

GUS BROWNING, W4BPD s 
DX'ERS MAGAZINE 

For over 17 years, Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely, 
pertinent information on when and where to find 
those elusive DX stations. 

Gus's personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14.00 
USA, Canada & Mexico. 

Gus also prints high quality QSLs and other related items. 
V 172 Write today for a free sample ol his QSLs and DX'ERS MAGAZINE. 

Gus Browning, W4BPD • PO Drawer 405 • Cordova, SC 29039 
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products 

With the TC70-1, the only other items 
necessary to get on ATV are a good 70-cm 
antenna, low loss coax, a TV set. and any device 
with a standard 1 volt P-P composite video out-
put commonly found on black and white CCTV 
cameras, home video color cameras and VCRs, 
computers, and RTTY/video conveners. A 
Technician class or higher Amateur radio license 
is required for purchase of this equipment from 
P.C. Electronics and subsequent operation 

Priced under $300, the TC70-1 makes getting 
on this exciting visual mode affordable. For fur-
ther information, contact P.C, Electronics, 2522 
Paxson Lane, Arcadia, California 91006. 

Circle /305 on Reader Sorvice Card. 

antenna rotator 
The AR-200XL antenna rotator operates from 

115 VAC and provides 220 pounds/inch torque 
to turn an antenna array or surveillance camera. 
Full 360-degree rotation is achieved in 60 
seconds. Motor voltages are held below 18 VAC 
for safety and only three conductors are required 
between the control unit and rotator. The con-
trol unit incorporates a demand heading control 
and a present heading indicator presented con 
centrically on a compass rose. Designed (or 
medium-duty applications, the rotator will sup-
port a vertical load of up to 100 pounds with a 
wind loading of 5 square feet. 

For further information, contact C M C Com-
munications, Inc., 5479 Jetport Industrial Boul-
evard, Tampa, Florida 33614. 

Circle /306 on Roodor Service Card. 

new receivers 
Yaesu Electronics has announced two addi 

tions to its line of high-performance receiver 
products. 

DIRECTION FINDING ? 
* Interference Location 

* Stuck Microphones 

* Cable TV Leaks 

* Security Monitoring 

• VHP and UHF Coverage 

* Computer Interface 

* Speech Synthesizer 

• 12 VDC Operation 

New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug Into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

Pi DOPPLER SYSTEMS, INC. 5540 E. Charter Oak, ( 6 Q 2 ) o a o ^ 
Scottsdale , AZ 85254 * ' " " 8 - u s l 

COMPUTER 
^ 175 

lVMVIH 
Now there 's a hardware maga-

zine that 's ail about computers 
for people w h o like to build their 
own. Computer Smyth's pre-
miere issue is n o w published, 
providing all the pleasure, econ-
o m y and satisfaction o f build-it-
yourself projects that Hams know 
so well . 

Our authors take you inside the 
chips, talk about what they do 
and how they 're control led , and 
explain c o m m a n d opt ions you 
may never have heard o f before . 
Computer Smyth's first quarter-
ly issue begins a series on a com-
plete Z 8 0 based c o m p u t e r on 
three 4 x 6 V;" boards, which lets 
you interface 3 Vt. 5 V\ and 8 " 
i loppv disks in all densities and 
t r a c k c o n f i g u r a t i o n s . J o h n 
Adams' series will include a 
switching power supply, a PROM 
burner and software opt ions for 
this rack-mount system. 

The first issue also features an 
X/Y plotter you can build, an in-

expens ive motorized wire-wrap 
tool and an RGB c o l o r to com-
posite adapter. 

During its premiere year. Com-
puter Smyth will survey the more 
than t w o dozen c o m p u t e r kits 
n o w available in the US. Kit 
builders will report on many of 
them. A major series on building 
a 32-bit 6 8 0 0 0 micro begins in 
issue two. 

Computer Smyth is published 
by Audio Amateur Publications, 
publishers o f Audio Amateur and 
Speaker Builder magazines. All 
three are reader-centered, hard-
w a r e - i n t e n s i v e p u b l i c a t i o n s 
w h o s e editors bel ieve that a 
magazine's primary job is satisfy-
ing the reader not consumer mar-
keting. Our magazines are run by 
tech enthusiasts not MBAs look-
ing for profits. 

We guarantee that if you are 
unhappy with Computer Smyth 
for any reason, your money will 
be refunded upon request 

• Yes. enter my Mihr-eription 10 (din C I Make that iwu \e.ir* at S2V H '7 5 

/""'''• Smyth lor one year at S IS • <;iurgl. „, t ; l r i| 

CD Check rm luM il Charge card orderv tOlH) 92-t-l> t(< i 

Name 
street K \u ~ 

Town State Zip 

MC/VISA (lard » _ _ 

Hxpire Signature 

Computer Smyth Magazine 
PO Box 176, Peterborough, NH 03458 " 178 



M O S L E Y . . . A BETTER A N T E N N A . . . 

Antennas For 40 Me te rs . . . 

"ALL STAINLESS HARDWARE 
*N0 MEASURING -BROAD BAND WIDTH 
•Z YEAR WARRANTY 'BUILT TO LAST 
•5 KW P.E.P. 'NO BALUN NEEDED 

Easy as.,, 1 - S-401 M A 40 Molor Rotatable 
Dlpole which gives yuu excellent bandwldlh and 
performance, MOSLEY's S-401 M is the bast 40 
Meier Dlpole ever bull). All stainless hardware la 
stanoara, we nave maoe H even stronger man 
betora! We have added 2 extra insulator blocks 
and 2 leet mora rectangle. The center ol the 
elements are reinforced with an unureaRafcle 
non-conductiVB rod which makes it lust atiotit In-
destructable, Out link coupled feed systempro-
vitles for an elllclent match which enables you lo 
direct (sod the antenna with no need tor a balun, 
This is why we oive a 2 year warranty on parts, 
material, and workmanship, 

2 - Our S-402 M Is now on a 24 loot Boom and 
has all ot the new improved structural changes; 
this antenna will give you years ol outstanding 
mechanical and electrical perlormance in any 
climate We lost this 1s the best performing, 
maintenance free, ^element 40 Meter beam oullt 
anywhere in the world. Check it out! Wo believe 
you will agree, The elements are heavier con-
slrucled lhan other brands, and only reduces lo 
t 1/8 X .058 wall at their ends. Compare this lo 
the olher manuteturers; The S-402 M also 
conies wild our 2 year warranty! 

nateur Radio Dealer 
products 

Ohio 
A M A T E U R E L E C T R O N I C S U P P L Y 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
216-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800)321-3594 
Hours M-F 9-5:30, Sat. 9-3 

U N I V E R S A L A M A T E U R R A D I O , I N C . 
1280 AIDA DRIVE 
R£YNOLDSBURG (COLUMBUS), OH 

43068 
614-866-4267 
Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author-
ized sales and service. Shortwave 
specialists. Near 1-270 and airport, 

Pennsylvania 
H A M T R O N I C S , 
D I V . O F T R E V O S E E L E C T R O N I C S 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 30 Years. 

L a R U E E L E C T R O N I C S 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 
Icom, Bird, Cushcraft, Beckman, 
Larsen, Hustler, Astron, Belden, 
Antenna Specialists, W2AU/W2VS, 
AEA. B&W. Amphenol, Saxton, J.W. 
Miller/Daiwa, Vibroptex. 

T H E V H F S H O P 
16 S. MOUNTAIN BLVD., RTE. 309 
MOUNTAINTOP. PA 18707 
717-474-9399 
Lunar. Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-F9FT, 
UHF Uniis/Parabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol. Belden 

Texas 
M A D I S O N E L E C T R O N I C S S U P P L Y 
1508 McKINNEY 
HOUSTON, TX 77010 
713-658-0268 
Christmas?? Now?? 

Wisconsin 
A M A T E U R E L E C T R O N I C S U P P L Y 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, Wl 53216 
414-442-4200 
Wise. Wats: 1 (800)242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 
Sat 9-3 

The FRG-8800 is o deluxe HF receiver cover-
ing 150 kHz through 29.99 MHz. Direct fre-
quency entry is provided via the front panel 
keyboard, which also controls scanning func-
tions and storage/recall of the memory channels. 
The innovative green LCD information display 
provides frequency, mode, and signal strenyth 
information. Selectable AGC, all-mode squelch, 
two 24-hour clocks, and recording capability 
(including on/off timer switching) make for max-
imum operating flexibility. The FRG-8800 is 
designed for easy interface to a personal com-
puter for expanded operating control, and the 
FRV-8800 VHF Converter option expands cover-
age to include 118-174 MHz. with front panel 
entry and display. 

The FRG-9600 is a high-tech VHF/UHF multi-
mode receiver covering 60 through 905 MHz 
continuously, with direct keyboard frequency 
entry and 100 memory channels. Capable of AM, 
FM, and SSB reception (SSB through 460 MHz), 
the FRG-9600 comes equipped with both wide 
and narrow bandwidths on A M and FM, plus a 
total of seven different tuning steps from 100 Hz 
through 100 kHz, depending on the mode and 
typical operating requirements for the service 
being received. A variety of scanning features 
are included, with extra performance offered via 
the audio scan stop function which will prevent 
stopping on inactive "carrier-only" channels. 
Computer interface capability, 24-hour clock/ 
timer, and multiplexed output are among the 
features provided that allow the sophisticated 
listener tremendous expansion possibilities. An 
optional NTSC video will also permit monitoring 
of TV signals. The FRG-9600 is ready for opera-
tion from either 12 volts DC or 117 volts AC. 

For further information, contact Yaesu 
Electronics Corporation, P. 0 . Box 49, Para-
mount. California 90723. 

Circle /307 on Reader Service Card. 

S-403 

3 • The S-403 is the killer ot the three mndels 
This antenna gives you lull size performance and 
Is built to last Otir 36 foot boom Is made out ol 
2 " X . 104 wall wiln a 24 foot sleeve of 1786 r 
.125 wall. This gives you a wall thickness ot 
229 over 24 leel ot the boom. Ihe S-403 is 

spaced to give you the best front lo back and for-
ward gain, l l will give you ihe whole 40 Meter 
band to chase DX or rag chew. Our S-403 also 
comes with our 2 year warranty, 
II you are a new ham and are nol laminar with 
MOSLEY. asK an oiner ham about us or ran ma 
PRESIDENT ol MOSLEY He will be glad lo ex-
plain why MOSLEY is A BETTER ANTENNA 

These and other MOSLEY products are available 
through your lavorlle DEALER 0i write nr call 
MOSLEY lor the DEALER nearest you 

Afoi 

T3'i4 tw.un nivo sr iquis Missouri m w 
I 314-994-7872 1-800-325-4016 
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Wr'kTt 
RATES Noncommercial ads 10® per word; 

commercial ads 60« per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

MILITARY COMMUNICATIONS: CPRC-26 Manpack Radio 
(described in March 1985 Ham Radio), transceives 46-54 MHz 
FM, with battery box, antenna, crystal, handset: $22.50 apiece, 
$42.50/pair, good condition. R-390A Receiver, .5-30 MHz all 
modes, 4 mechanical filters, meters sealed (Government re-
moved, operation unaffected): complete/checked $175, com-
plete/unchecked $115, spare parts unit (80% complete, 
missing PTO/power supply) $65. Info SASE. CPRC-26 add 
$4/unit shipping. R-390A shipping charges collect. Baytronics. 
Dept. HR, Bo* 591. Sandusky, OH 44870. Phone (419) 
627-0460 evenings. 

CX7 REPAIRS. 415-549-9210. 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft. PO Box 412, W. Sand Lake, NY 
12196. 

HOUSE READY FOR HAM. Beautiful mountain top all brick 
4 bedroom, 3 full bath home and radio site on one acre land-
scaped, private, with huge inground pool. Located 55 miles 
from Washington, DC and 60 miles from Baltimore, easy com-

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 
Karin Uefter 
Postfach 2454 
D 7850 Loertach 
West Germany 

Ham Radio Belgium 
Stereohouse 
Brussetsesteenweg 4 i 6 
8-9218 G«nt 
Belgium 
Ham Radio Holland 
Postbus 413 
NL-7800 Af Emmen 
Holland 

Ham Radio Europe 
Sox 2084 
S-194 02 Upplands Vasby 
Sweden 

Ham Rad«o France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
francs 

Ham Radio Germany 
Kann Uaber 
Postfach 2454 
D-7B50 loerrach 
Was! Germany 

Canada 
Send orders to 
Ham Radio Magazine 
Greenville. NH 03048 USA 
Prices in Canadian funds 
1 yr $29 95, 2 yrs $53 30 
3 yrs. $75 40 

Ham Radio Italy 
Via Pordenone I? 
1-20132 Milano 
Italy 

Ham Rado Swit?e«lar>d 
Kann Ueber 
Postfach 24S4 
0-7850 Loerrach 
Wesl Germany 

Ham Radio England 
do R S G B 

Alma House 
Cranborne Road 
Pollers Bar 
Herts EN6 3JW 
England 

Holland Radio 
143 Gr«enw»y 
Greens ide, Johannesburg 
Republic of South Africa 

mute by Amtrack or van pools Extremely energy efficient brick 
home, full basement and other extra rooms, radio room. Ail 
cable, poles, antennas, fire alarm system and intercom system 
stay. Must see to fully appreciate. Call or write to receive free 
written details of all features, $250,000. (301) 371-7521. John 
Murray, Box 290, Jefferson, Maryland 21755. 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed, $4100. Send 
stamp for details. W8UUR, 1025 Wildwood Road, Ouincy, Ml 
49062. 

CUSTOM MADE embroidered patches. Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Dept. 301, 4202 N. 
Drake, Chicago, IL 60618. 

RECLAIM SILVER from electronics scrap! Write RALTEC, 
25884F Highland, Cleveland, OH 44143. 

HF QRP KIT, 5 watts output on 40. 30, 20 meters $39.95 plus 
$2.00 shipping includes one crystal, your choice of 7.035, 
7.125.10.108, 10.125 or 14.035 MHz, Write for full data and 
schematic. RF Kit Co., Box 27127, Seattle, WA 98125. 

CUSTOM EMBROIDERED Emblems — Cloisonne' enameled 
pins, your design, low minimum, excellent quality, free booklet. 
A T. Patch Co.. Depl 65, Littleton. NH 03561 (603) 444-3423. 

AN/PRC-25 with accessories; handset, 2 antennas, canvas 
and battery. Working, $200. PRC-74 accessories; battery 
boxes, CY-6121 orCY-6314, new condition, $30 oa. PRC-74B 
manuals; depot $18 or operators $10. Looking for a PRC-74 
transceiver in any condition. Stroh, N6JSD. 21930 Valerio St., 
No 11, Canoga Park, CA 91303. 

PLASTIC PACKAGE Sealing Tape: 4- standard 165' tan rolls, 
1-3/4" $6; 1-1/2" $5. One roll 3" clear for sealing or label pro-
tection $2 50. All postpaid and satisfaction guaranteed. 
Lisaius, 116 Orton Rd , W Caldwell, NJ 07006. (201) 
226-7943. 

WANTED 512-F1 P S. Coffins; self SO year coffection tubes; 
send list of requirements for price quotes. M. Levy, 4141 Krupp 
Drive, El Paso, TX 79902 

FOR SALE: Heath HW-101 $175.00. Robot 400 $225.00. 
Heath 2K tuner $85.00. TH5DX $175.00. KCflPT (913) 
625-7141. 

FOR SALE: Hatticrafters SX-tOO communications receiver. 
Antique collectors item. Good condition. $139 or best offer 
Gerry Nemetz, W4NEX, 8202 Beechwood Drive, Lynchburg. 
VA 24502 (804) 239-7789. 

FOR SALE: Yaesu FV 301; FP 301 speaker, FT 3G1S 
transceiver; FL 110 linear amplifier; dynamic mike; Drake 
matching network MN-4C; DSI 3550 frequency counter. $750 
takes the package. Send money order. Milt Kappslatter, 39 
Glenview Drive, Springfield, NJ 07081 

PRACTICAL APPLICATIONS mathematics system on disk 
for C-64. Will calculate geometric shapes, linear regression, 
linear interpolation, and base change. A must for calculating 
mechanical aspects of tower and antenna construction. 
$29.95. Microenergy Systems, PO Box 5291, High Point, NC 
27262. (919) 885-0433. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdale Way, San Diego. CA 92117 
SASE brings information. 

CHASSIS and cabinet kits. SASE K3IWK 

iMRA, international Mission Radio Association, helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmont, NY 10538, 

ELECTRON TUBES: Receiving, transmitting, microwave . . . 
alt types available. Large stock, Next day delivery, most cases. 
Daily Electronics, PO Box 5029, Compton, CA 09224 (213) 
774-1255. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY, Cardiff, CA 92007. 

JENNINGS UCSL-1000 vacuum variable capacitors, 10 thru 
1000 MMFD at 5000V with gear drive train and mounting 
bracket. Perfect for that linear amplifier or antenna tuner, 
brand new $59.50, plus $3.00 UPS Lab calibrated HP 606C 
signal generators 10 MHz thru 480 MHz. Perfect for HFJ 
VHF/UHF repair $345.00. HP614A covers 900 MHz thru 2100 
MHz, excellent microwave signal generator $345.00, order to-
day, have good stock. M/C, Visa, or check. Phone Bill Step 
704-524-7519, Step Electronics Company, Highway 441, Otto, 
NC 28763. 

KT5B Antenna 160M-10M no traps! $59.95. Weather boot kit 
$8.95. Open-wire, roller-inductor, antenna accessories and 
much more. Kilo-Tec, PO Box 1001, Oak View, CA 93022. Tel: 
805-646-9645. 

CABLE TV EQUIPMENT. Jerrold, Hamlin, Zenith — many 
others.. Factory Units/lowest dealer prices. Complete illustrated 
catalog $2.00. Pacific Cable Co., Inc., 7325V? Reseda Blvd.. 
Dept. 1003. Reseda, CA 91335. (818) 716-5914. 

BROWN BROTHERS PADDLE — 500 No address QSL cards. 
For swap or offer. Kenneth Hand, WB2EUF, PO Box 708, East 
Hampton, NY 11937. 

RADIO OFFICER: FCC and USCG licenses, and 6 months 
endorsement required for seagoing employment. Excellent 
money and fringes for technically qualified person. Send 
resume and copies of licenses to: Box HR2413,810 Seventh 
Avenue, New York, NY 10019. 

RETAIL STORE being liquidated by mait auction. Parts, tools, 
test equipment, home supplies, SASE to ESI, Box 328, Mesa, 
AZ 85201. 

Coming Events 
ACTIVITIES 
"Places to go..." 

MICHIGAN: The "85 " UP . Hamlesl, July 27 and 28, St 
Francis de Sales School, Manistique. Friday evening Fish Fry, 
set and eyeball lor early arrivals. Saturday 6 AM to 5 PM. Ban-
quet 6:30 PM. Sunday 8 AM to 2 PM. Registration $3.50. 
Free baby sitting. Table space $3.00 per 4' table. For 
more information: Debbie Barton, WD8IBT, 509 Range St., 
Manistique, Ml 49854 (906) 341-5694 after 3 PM. 

SOUTH CAROLINA: Charleston Hamlest, sponsored by the 
Charleston Amateur Radio Society, July 13 and 14 at the Omar 
Shrine Temple, East Bay Street. 8:30 to 4.00 Saturday, 9:00 
to 4:00 Sunday. General admission $5.00 includes admission 
to Hospitality Room, 7:30 PM to 11 PM Saturday. 12 and under 
tree. FCC exams Saturday. Buffet available both days. Flea 
market tables $5. Commercial booths $40. Talk in on 
146.19/79. For information contact: Hamfest Committee, PO 
Box 70341, Charleston, SC 29405 or (808) 747-2324 or 
554-8058. 

IOWA: The Des Moines Radio Amateur Association will hold 
an Electronic Fair, Airport Hilton Inn, Des Moines, July 20 and 
21. The Electronic Fair combines the Iowa ARRL Convention 
with what was the Des Moines Hamfest. General public ad-
mission fee $2.00. Flea market parking $3.00. Saturday 
evening banquet $15.00 per person. Featured banquet 
speaker Nick Johnson. There will be seminars both days for 
computer and satellite enthusiasts, Amateur Radio operators 
and spouses. For further information: Des Moines Radio 
Amateur Association, PO Box 88, Des Moines, IA 50301. 

MINNESOTA: The St. Cloud Amateur Radio Club Hamfest, 
August 11, Sauk Rapids Municipal Park, off MN Hwy 15 
(Benton Drive). Displays, demonstrations and trades. Ticket 
donation $3. Extra ticket $2. Snack counter. Talk in 34/94 
primary; 615/015 secondary. Conlact: SCARC, Box 141, St. 
Cloud, MN 56302. 

KENTUCKY: The Central Kentucky ARRL Hamfest, spon-
sored by the Bluegrass ARS, Sunday, August 11,8 AM to 5 
PM, Scott County HS. Longlick Road and US 25, Georgetown. 
Tech lorums. license exams, awards and exhibits. Air condi-
tioned facilities. Free outdoor nea market space. Tickets $3.50 
advance and $4.00 at gate. Talk in on 76/16. For information 
or tickets SASE to Scott Hackney, KI4LE, 629 Craig Lane, 
Georgetown, KY 40324. 

MISSOURI: The 23rd annual Zero-Beaters ARC Hamfest, July 
21,9 AM to 3 PM, Washington. MO Fairgrounds Free admis-
sion. Free Ilea market area. Limited rental spaces under 
pavillion. Advance reservation advised. FCC exams, cake 
walk, candy scramble, traders tow, refreshments and food 
available. Talk in on 147.24-84,146.52. For information: Zero-
Beaters ARC, Box 24, Dutzow, MO 63342. 

NORTH CAROLINA: The Western Carolina Amateur Radio 
Society's annual Hamlest, July 27 and 28 at Buncombe 
County Fireman's Training Center, Ashevi/le. Admission $4 
at gate. $3.50 advance Free parking, camping (no hookups), 
forums, and VEC exams will be available. Outside flea market 
sites — bring own table. Talk in on 16/76 and 31/91. For ad-
vance tickets contact: Marvin Soloman, KI4EA, 14 Carjen 
Avenue, Ashevtlle, NC 28804. All other inquiries to: Earl Elliott, 
KI4UO, 17 Emory Road, Asheville, NC 28806. 
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PENNSYLVANIA: The Foothills ARC'S 17th annual 
Greensburg Hamfest, Nevin Arena. Sunday, July 28. Tickets 
$2.00 or 3/S5.00. Ihdoor tables $5,00. Tailgating $2,00. 
Refreshments. Mobile check in on 147.78/18, For further in-
formation, registration or tables: F.A.C.R., PO Box 236, 
Greensburg, PA 15601 or contact WB3KJH. 

INDIANA: The WA9SNT Amateur Radio Club will hold its 
annual Swapfest, August 4, ITT Technical Institute, 9511 
Angola Court, Indianapolis 8 AM to 4 PM. Admission $2.00. 
Students $1.00. Flea market space $1.00 addit. Talk in on 
146.94 and 3910 ± . For information: Dave Johnston, K9HDQ, 
ITT Technical Institute, 9511 Angola Court, Indianapolis, IN 
46268 (317) 875-8640 

FLORIDA: The 12th annual Greater Jacksonville Hamfest, 
August 3 and 4, Jacksonville Civic Auditorium, Saturday 8 to 
5 PM; Sunday 9 to 3 PM. Registration $4 00. Children under 
16 admitted free. Reserved swap tables $9.00/1 day; 
$15.00/both days. FCC exams for ail grades Saturday at 
1 PM on a walk-in basis. For information and registration: 
SASE to Jacksonville Hamfest Assn., PO Box 23134, Jackson-
ville, FL 32241. 

MICHIGAN: The Straits Area ARC is having its 12th annual 
Swap 'N Shop, July 20, Emmet County Fairgrounds, Petoskey. 
9 AM lo 2 PM. General admission $2.50. Single table $3.00. 
Refreshments available. Free parking Friday night for self-
contained RV's. Petoskey State Park nearby. Come and bring 
the family. Talk in on 07/67 and 52. For further information: 
Joe Warden, WD8MJB, PO Box 444, Conway, Ml (616) 
347-8693. Please SASE 

1985 BLOSSOMLAND BLAST. Sunday, October 6, 1985. 
Write "BLAST", PO Box 175, St. Joseph, Ml 49085. 

WISCONSIN: The Oshkosh Amateur Radio Club in conjunc-
tion with the S O L.A.R Assn. will host EAA hams for the 1985 
convention, July 26 - August 2. Stop and rest, charge your 
batteries, leave messages, etc at the EAA Ham Shack located 
at the north end of the commercial exhibit area. Look for the 
red and white ARRL flag. On Saturday, July 27 at 3 PM, there 
will be a gathering for all EAA hams hosted by the Oshkosh 
ARC. We'll be serving bratwurst, burgers and refreshments 
free of charge. Bring your wives and kids. You're in for a treat! 
For further info: Forest Schafer, WD9IWL, 417 Willow St., 
Omro, Wl 54963. 

WEST VIRGINIA: Wheeling Hamfest and Computer Fair, 
Wheeling Park, Sunday, July 21. Dealers welcome. Rea 
market, ARRL, AMSAT, SWOT, SMIRK booths. Family ac-
tivities available at Park. Admission $3.00. To reserve space 
contact Jay Paulovicks, KD8GL, RO 3, Box 238, Wheeling, 
WV 26003. (304) 232-6796 or TSRAC, Box 240, RD 1, Adena. 
OH 43901 (614) 546-3930. 

CO CONTEST: VHF'ers please note! The first annual CQ 
World Wide VHF WPX Contest is July 20-22, 50 thru 1296 
MHZ. For details, logsheels, etc., write to SCORE, PO Box 
1161, Denville, NJ 07834 or to CQ Magazine. We need your 
entry lo make this a success. 

WISCONSIN: The South Milwaukee Amateur Radio Club's 
annual Swapfest, Saturday, July 13, American Legion Post 
#434,9327 South Shepard Avenue, Oak Creek. Activities start 
about 7 AM and wilt run through 4 PM. Parking, picnic area, 
tood and refreshments available. Free overnight camping. Ad-
mission $3.00 and includes a free beverage. The Milwaukee 
Volunteer Core Group will conduct Amateur Radio exams dur-
ing the day. For more details and a map: South Milwaukee 
ARC, PO Box 102, South Milwaukee, Wl 53172-0102. 

NEW JERSEY: (Augusta) July 20: The Sussex County ARC 
will sponsor SCARC '85 at the Sussex County Fairground, 
Plains Rd., off Rl. 206. Doors open 8 AM. Registration $2.00. 
Indoor tables $7.00 each. Tailgate space $5.00. Food and 
refreshments. Free parking. Talk in on 147.90/30 and 148.52. 
For further information: Donald R. Stickle, K20X, Weldon Rd., 
RD #4. Lake Hopatcong. NJ 07849. (201) 663-0677. 

CALIFORNIA: The first International Youth Tele-congress will 
convene in Santa Cruz, July 19 to 23. The goal is to link young 
people around the world via Amateur Radio and computer 
bulletin board networks. For information: Redwood Youth 
Foundation, 5300 Glen Haven Road, Soquel, CA 95073. (408) 
476-2905 or (408) 662-0300. WA6KFA. 

WEST VIRGINIA: The 7th annual TSRAC Wheeling Hamfest 
and Computer Fair, Sunday, July 21, Wheeling Park, 9 AM 
to 4 PM. Easy access, dealers, exhibits all under roof. 5 acres 
Flea Market. Refreshments, free parking, family park activities. 
Admission $3.00. ARRL, AMSAT, SWOT, SMIRK, etc. For in-
formation and map: Jay Paulovicks, K08GL, RD 3, Box 238, 
Wheeling, WV 26003. (304) 232-6796 or TSRAC, Box 240, RD 
1, Adena, OH 43901 (614) 546-3930. 

NORTH CAROUN A: The 13th annual Mid-Summer Swapfest, 

sponsored by the Cary ARC, Saturday, July 20,9 AM to 3 PM, 
Lion's Club Shelter, Cary. Talk in on 80-30, 146.28/ 88, 30-2, 
147.75/ 15, 2-0, 146.52/.52. For information: Cary ARC, PO 
Box 53, Cary, NC 27511. 

BRITISH COLUMBIA: Okanagan International Hamfest, July 
27 and 28, Oliver Centennial Park, Oliver. Registration July 
27 at 9 AM Activities Saturday, July 27 at 1 PM and Sunday 
July 28 at 2:30 PM. Saturday potluck supper. Talk in on 
146.34/94 OKN Rpt 76/76. For further info Lota Harvey, 
VE7DKL, 584 Heather Rd.. Penticton, BC V2A 1W8, (604) 
492-5768. 

BRITISH COLUMBIA: Maple Ridge Hamfest. July 13 and 14, 
St. Patricks Center, 22589 — 121 Avenue, Maple Ridge. Ad-
mission: Hams $5.00; non-hams $2.00. Food, swap & shop, 
commercial displays, bunny hunt and family activities. Close 
to shopping and swimming. Camper space, no hookups. Talk 
in on 3.758 MHz 146/20/80 and 146.34/94. For information 
and a 20% pre-registration discount: Maple Ridge ARC, Box 
292 Maple Ridge, BC, Canada V2X 7G2 

MARYLAND: The Baltimore Radio Amateur Television Socie-
ty's famous BRATS Maryland hamfest and Computerfest, 
Sunday, July 28, Howard County Fairgrounds, Rt. 144, near 
I-70, West Friendship. Over 175 tables all indoors. Tailgating 
$3.00 per space. RV hookups available on grounds. Nearby 
motels. Free walk-in VE exams. For further information/table 
reservations: Mayer Zimmerman, W3GXK, BRATS, PO Box 
5915, Baltimore, MD 21208. 

NEW YORK: The Mt Beacon ARC Hamfest, Saturday, July 
20, Arlington Senior High School, Poughkeepsie/Lagrange. 
Tickets $2.00. Non-hams and children admitted free. Tailgate 
space $3.00. Tables $4.00. Doors open 8 AM. Talk in on 
146.37/97 and 146.52. For information: Julius Jones, W2IHY, 
RR2, Vanessa Ln, Staatsburg, NY 12580. (914) 889-4933. 

COLORADO: Amateur Radio Motorcycle Club Rocky Moun-
tain Roundup III will be held somewhere west of Denver. 
Riding radio operators check the ARMC net Thursday nights, 
0300 UTC, 7237.5 kHz. Sand business SASE to AGflN. Gary 
McDuffie, Rt. 1. Box 464, Bayard, NE 69334 and ask for net 
information. 

MASSACHUSETTS: The first ARRL Heavy Hitters Hamfest, 
July 20 and 21, Topsfield Fairgrounds. US 1, Topstield. 9 to 
4 both days. Giant flea market. ARRL, PACKET, AMSAT, ATV 
and more. License exams held at nearby school. For reserva-
tions send completed 610 form and $4 00 check payable to 
ARRL/VEC, copy of current license and SASE for confirma-
tion to: Topsfield Exams, do PO Box 71, Hanover, MA 02339 
by June 21. Sorry no Novice exams. Free camping Saturday 
night for tents and self-contained RV's. Nearby hotels. Ad-
vance tickets $3.00. $4.00 at door. Non-ham spouses and kids 
admitted free. Talk in on 146.64 and 147.285 repeaters. For 
information: Russ Corkum, WA1TTV, 21 Thorndike Street, 
Arlington, MA 02174 

OPERATING EVENTS 
"Things to do..." 

The Eastern Michigan ARC will commemorate the annual 
Port Huron to Mackinac island Yacht Race, July 20 and 2 1 
from 1400 Z to 0200 Z both days. Listen tor K8EPV. For a cer-
tificate send OSL with legal-size SASE to K8EPV (C.B.A.) or 
654 Georgia, Marysville, Ml 48040. 

A direct Trans-Atlantic QSO on 2 meters — can it be done? 
The attempt is being organized by the West Kent Amateur 
Radio Society and will take place between August 19 and 30. 
Arrangements for skeds (high power stations only please) can 
be made by contacting Dave Green, G40TV, 13 Culverden 
Down, Tunbridge Wells, Kent, TN4 9SB, England. Tel: 
892-28276. 

Vaynesboro, Virginia Parka and Recreations Department 
and the Valley Amateur Radio Association will operate 
special event station KI4BR in Ridgeview Park in celebration 
of "Summer Extravaganza". 1700 hours C.T.U. on Saturday 
and Sunday, July 13 and 14. A "First Edition Certificate" will 
acknowledge OSO and receipt of QSL. SASE to KI4BR, PO 
Box 565, Waynesboro, VA 22980 

The Southern Michigan Amateur Radio Society will operate 
W8DF/8 during the 7th World Hot-Air Balloon Championship, 
July 13 to 21, Kellogg Regional Airport, Battle Creek, Michigan. 
Phone: center of General 80-10 meters and CW in Novice 
bands. For a special QSL SASE to PO Box 934, Battle Creek, 
Ml 49016. 

Riding Radio Operators — Amateur Radio Motorcycle Club 
Net meets every Thursday night at 0300 UTC at 3888 kHz 
standard time arid 7237.S kHz daylight saving time. An eastern 

USA group meets one hour earlier at 3888 kHz year-round. 
Send business SASE to AGUN, Gary McDuffie, Rt. 1. Box 464. 
Bayard, NE 69334 and ask for net information. 

July 7-13: The Cherryland ARC will operate special events 
station KA8QVH to commemorate the National Cherry Festi-
val, Traverse City, Ml. 1100Z July 7 thru 0200Z July 13 daily. 
Send large SASE with QSL to Ed Irwin, 346 Peninsula Trail, 
Traverse City, Ml 49684 for an attractive certificate: 

July 27: CARS Third annual SPACE DAY special event sta-
tion will be on the air 0000 GMT July 27 to 1900 GMT July 
28. For a certificate send OSL and $1.00 postage to CARS. 
PO Box 512, Jackson, Ml 49204. 

July 19, 20: The Indian Hills Community College ARC will 
operate special events station WA0IUQ during the 1985 
Ottumwa Hot-Air Balloon Races. 2200 GMT to 0400 GMT on 
SSB only each day. For a commemorative QSL send your QSL 
with SASE to WAOIUO at Callbook address. 

WIA 75 AWARD: March 1 to December 31,1985: The world's 
first and oldest radio society, Wireless Institute of Australia 
is celebrating its 75th anniversary. To qualify for the WIA 
award, Australian Amateurs and SWL's must log 75 members 
of WIA: Overseas Amateurs and SWL's contact station VK75A; 
contact Amateur already qualified for WIA 75 award; contact 
75 WIA members and log membership numbers. Send info 
plus $2 for certificate and s&h to: WIA 75 Award Manager, 
Wireless Inst, of Australia, 412 Brunswick St., Fitzroy3065, 
Victoria, Australia. 

July 25: The Kauai Amateur Radio Club is planning an ex-
pedition to Hawaii's 5th county, Kalawao County on the island 
of Molokai. Callsign KH6F on July 25, 26, 27 and 28. 80, 40, 
20,15 10 and 2 meters SSB, FM, CW. Send OSL and SASE 
or IRC to KH6F, PO Box 675, Koloa, HI 96756. 

ALL BAND TRAP 
"SLOPER"ANTENNAS! 

F U L L C O V E R A G E ) A L L B A N D S ) A U T O M A -
T I C S E L E C T I O N w l t h P R O V E N Wea the rp roo f 
seated Traps . 16 Ga Copperwe id W i r s l 
G R O U N D M O U N T S L O P E R S - No Radlals 
needed! Ground l o rof l or h q u M w a t e r faucet ! 
Connect T o p to T r e a t , Bui ld ing*, Polaa, ate * t 
ANY angle f r o m Stra lghtup to 6 0 degree* for 
exce l len t " S L O P E R " DX An tenna Gain or 
band I t anywhere you need to l 2 0 0 0 W a t t 
P E P Input , max. Pe rmanen t or portable Use 
Instal ls In 10 minutes. S M A L L - N E A T -
A L M O S T IN V I S A B L E - No one wDI know yew 

have a H l -Power DX Antenna. Ideal For C O N D ' O e A P A R T -
M E N T S - R E S T R I C T E D A R E A S - P re - t uned for 2 - 1 or less 
S W R over A L L bands (except S 0 - 1 6 0 - 3 0 0 k c ) No ad jus t -
m e n t s needed - EVER. C O M P L E T E L Y A S S E M B L E D , w i t h 
5 0 f t R G - S 8 U Coax feedl lne end P L 2 5 9 c o n n e c t o r - Bui l t 
In l ight ing ar rester - ready t o hookupi F U L L I N S T R U C -
T I O N S ! 
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1 yr - 10 day money back t r ia l . i Q f l 

W E S T E R N E L E C T R O N I C S * * 
Dept . A H - T Kearney, Nebraska 6 8 8 4 7 

îSk D D JL< .*dhft>. 
COIL CORP. ^ 

35 Main Street 
Poultney. VT 05764 

802-287-4055 
BALUNS 

Get POWER to your antenna! Our Baluns are 
already wound and ready for ins ta l la t ion in your 
t ransmatch or you may enclose them in a 
weatherproof box and connect them direct ly at 
the antenna. They are designed for 3-30 MHz op-
erat ion. (See ARRL Handbook pages 19-9 or 
6-20 for const ruc t ion detai ls.) 

100 Watt (4:1,6:1,9:1, or 1:1 Impedance-select one) $ 8.50 
Universal Tranftmatctl 1 KW(4:1 Impedance) 12.50 
Universal Tranimatch 2 KW (4:1 Impedance) 15.00 
Universal Transmatch 1 KW (6:1, »:1 or 1:1-«electone) 14.00 
Universal Trantmatcli 2 KW(6:1.9:1 or 1:1-aelect one) tl.SO 

Please send large SASE for info. 
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THE GUERRI REPORT^ fe 
maybe — and that's final! 

The earliest developers of logical 
concepts were essentially philosophers 
who accommodated the notion that 
not every question had an answer that 
was clearly black or white. "It all 
depends . . . " was a perfectly valid 
answer to some questions. 

During the Renaissance there was 
a significant effort to minimize in-
determinate answers to clear-cut ques-
tions, mostly as an accommodation to 
the growing influence of scientists, 
for whom things either "were" or 
"weren't." This trend has continued to 
the present, with a growing gap be-
tween the "certainty" of scientific 
dogma and the "softness" of philo-
sophic postulation. The birth of the 
electronic computer age in the middle 
of this century gave the final imprima-
tur to determinate logic; everything 
was either one or zero, and every en-
tity in the universe could be logically 
diminished into finite elements which 
either "were" or "weren't." 

Two important developments in 
modern science are making things less 
certain than they seem to have been 
between 1500 and 1950. First, the 
observation of over 200 "basic" atomic 
characteristics has many theoretical 
physicists contemplating the concept 
that the physical universe may extend 
indefinitely in both the micro and 
macro directions. Second, the desire 

to implement artificial intelligence in 
robot devices has given renewed 
credence to the philosophers' accep-
tance of "maybe" as a valid answer. 
This new class of indeterminate logic, 
or "fuzzy logic" as some call it, is 
characterized by the general concept 
that the consequences of events are 
not necessarily certain, nor need they 
be — and that some inferences which 
have no obvious mathematical value 
can improve the precision of a logical 
decision. A clearer picture of these 

TRUE 

FALSE- ————-» >———— 

LOW 100% HIGH 

© FUNCTION -

fig. 1. (Al Determinate logic, in which 
"OK" has a narrow range and (B) indeter-
minate logic, in which " O K " is not so 
clear. 

concepts may be had from a graphic 
representation (fig. 1). 

The bottom line for all of this is actu-
ally a reliability issue. If devices can be 
designed to operate with some form of 
judgment that allows them to weigh 
external influences, or assess their own 
degradation, then perhaps these de-
vices will function longer, or with less 
error, than devices that will only "run" 
or "break." In the indeterminate case 
we have the option of continuing the 
function if things are "true enough" to 
be "mostly OK." Deciding that you 
have "enough" air in a "flat" tire to 
make it to the next gas station is an 
example. This "new" class of logic will 
be interesting to observe as it is imple-
mented in artificially intelligent devices. 

FM broadcasters 
set spectrum standards 

In April, 1984, the FCC deregulated 
the way in which commerical FM 
broadcasters (88-108 MHz) can use 
their assigned 200 kHz spectrum slot. 
A stereo audio broadcast uses 106 kHz 
(±53 kHz) of the assigned slot, and 
the FCC has said that the broadcasters 
are free to have as many subsidiary 
communications authorization (SCA) 
channels in their slots as they like. The 
broadcasters have been quick to recog-
nize that the unused 94 kHz ( +47 kHz) 
is valuable spectrum that reaches into 
every home and business in their ser-
vice area. Among the applications that 
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they have implemented in the past year 
are 9600 baud videotext for stock and 
commodity businesses. This data rate 
allows a full screen update every 6 
seconds. In addition, the data stream 
can be coded to provide different data 
to different subscribers. 

Additional uses now include traffic 
alerts sent to properly equipped car 
radios, full color graphics transmission 
(at about 10 seconds per screen), radio 
teleshopping, and perhaps the most 
financially rewarding application, per-
sonal paging. This last use is signifi-
cant because of the excellent coverage 
most FM stations get by virtue of their 
high power and advantageous antenna 
siting. The applications are limited only 
by how many subcarriers and modula-
tion techniques the broadcasters can 
stuff into the allocated space, yet still 
maintain the requisite quality for each 
transmission mode. 

For Amateurs who complain that we 
don't have enough space to do our 
thing, the FM broadcasters are setting 
an example of efficient spectrum utili-
zation that bears watching. 

high speed health hazards 
The fabrication of very high speed 

digital and microwave semiconductor 
devices requires the use of many ex-
otic materials. Gallium and indium 
arsenides, phosphorus, and cyanide 
recovery agents are among the many 
materials in regular use. Unfortunate-
ly, these materials that are so beneficial 
to technology are'deadly to most living 
things. The cities surrounding Cali-
fornia's Silicon Valley are now ob-
serving disturbing levels of many of 
these undesirable materials in local 
water supplies. The omens are not 
good. The entire electronic industry 
must view this matter with urgent 
alarm, lest the plants — which have 
caused our industry to flower — die 
from their own droppings. 
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de W9JUV 

STILL ANOTHER THREAT AGAINST 220 MHZ HAS BEEN MOUNTED by an oil exploration-related 
firm in Illinois. LAOAD Radio and Microwave Communications Consultants petitioned the FCC 
to allocate 216-220 MHz for use as L033 ASCB data and voice channels, AND provide a 350 
kHz segment of 220-222 MHz to be shared with Amateur Radio. Under terms of. the proposal, 
LAOAD would advise the ARRL of pending operations, and the League would then alert Amateurs. 

Little, If Any, Interference To Amateurs Would Result, the petitioner (W9GT, whose Nor-
wegian call LA0AD inspired his company name) claims, as operations would be very short-
lived and typically well removed from populated areas. However, 220 MHz users and others 
are very concerned that any such incursion could set a dangerous precedent for the future. 

The Original Comment Period On RM-4983 Had Closed by presstime, but there has been 
considerable pressure to reopen it. Though the recent upsurge in interest in providing 
Novices with 220 MHz privileges (see below) certainly tends to diminish or at least post-
pone threats such as this one, it is still quite serious and should be challenged. 

ARRL'S PETITION TO EXPAND NOVICE PRIVILEGES HAS RECEIVED its FCC Rule Making number, 
RM-5038, along with several other related petitions. In brief, the League proposal would 
give Novices limited 10-meter SSB and data privileges plus full privileges (with reduced 
power) on 220 and 1246-1260—see July Presstop for specific details. Somewhat similar 
petitions filed by KC50Q include giving Techs and Novices ASCII (RM-5022)and phone 
(RM-5032) on part of 10 meters, some 30 meter privileges (RM-5024), and 220 MHz phone 
(RM-5025). The Comment period closed for KCSOQ's petitions July 11; a date hadn't been 
set for ARRL's at presstime, but its cutoff date should fall sometime in late July. 

BROADCAST STATIONS MAY RETRANSMIT AMATEUR TRANSMISSIONS or use what they hear on the 
Amateur bands on the air, but any direct involvement between Amateurs and a broadcast 
station is expressly forbidden. In its June 7 Report and Order on BC Docket 79-47, the 
Commission agreed that the content of an Amateur transmission is not protected against 
reuse by others, but that to have, for example, an Amateur station at a broadcast studio 
to solicit traffic information during rush hours would be against the rules. 

AMATEURS MAY BE ALMOST TWICE AS PRONE TO LEUKEMIA as the general population, a study 
reported June 23 by the New York Times News Service suggests. Underscoring ham radio 
Editor K2RR's July editorial, Washington state epidemiologist Dr. Samuel Milham, jr. found 
the death rate from various forms of leukemia for 1691 California and Washington Amateurs 
who died between 1971 and 1983 was just about twice as high as would normally be expected. 
The increase was in myeloid and unspecified forms of leukemia; lymphatic and monocytic 
forms of the disease had no higher incidence among Amateurs than among others. 

COMMENT DEADLINE FOR FCC'S NATIONAL REPEATER COORDINATION proposal (PR Docket 85-22) 
has been extended to August 15 in response to an ARRL request. The new Reply Comment date 
is September 30. Comments received thus far by the FCC have almost all been endorsements 
of the concept of national coordination, with few specific ideas on how to make it work. 

VEC MAINTENANCE OF AMATEUR QUESTION POOLS WAS PROPOSED by the FCC in a Notice of 
Proposed Rule Making issued June 12. VEC-developed questions would have to follow the 
Commission's syllabus, and each pool would have to include at least 10 times the number of 
questions asked in that particular exam. At the same time the FCC also proposed moving up 
the date at which VECs may begin preparing their own exams. Comments on PR Docket 85-196 
are due at the Commission by August 30, and Reply Comments by September 30. 

One Regional VEC Has Already Dropped Out Of The Program, and another has said it plans 
to when tne ARRL gets fully up to speed. Still another VEC has asked his Senator to look 
into the fee structure, as he feels his club isn't getting enough money for its efforts. 
For comparative purposes, NABER's fee for administering an exam for certification under 
its commercial examination program is $38! 

The FCC's August VEC Meeting In Gettysburg Had Relatively Few signed up at presstime, 
despite a very promising progralm. Planned topics include improving speed of service, 
decreasing paperwork errors, and improving the integrity—real and perceived—of the pro-
gram. Attendees will also meet the FCC people they've been dealing with and see the FCC's 
licensing facilities and procedures in operation. 

Volunteer Examiners Are Now Averaging About 4000 Exam Elements Monthly, compared to a 
high of about 2750 exams a month when the FCC was still giving exams. However, the U.S. 
Amateur population is still well under its March, 1983, all-time high of 414,973; latest 
(May 30) figures show 410,846 individual FCC-licensed Amateurs. 

U.S. AMATEURS MAY FINALLY USE OSCAR IP'S MODE "L" TRANSPONDER, under an FCC STA issued 
June 12. The Special Temporary Authorization permits-upTink transmissions to OSCAR 10 from 
1269.05 to 1269.85 MHz; an editorial error in the initial FCC release limited the STA to 
Extras only, but that was later corrected to include Technicians and above. 
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comments 
can we talk? 
Dear HR: 

In the May, 1985, editorial it was 
noted that we Amateurs can't really 
communicate. I find this statement to 
be offensive, but in many respects 
accurate.... 

I find it offensive because I think it 
comes from a narrow perspective. It 
seems the persons making such 
statements see only one aspect of our 
hobby. I would agree that at times we 
really don't communicate much of 
anything interesting or important. The 
hard work and learning that made such 
contacts possible can't be judged on 
this evidence alone. 

The major reason for this lack of 
ability to communicate clearly and ef-
fectively is a failure of our society and 
its education system, not the fault of 
Amateur Radio. We in Amateur Radio 
are only a reflection of the society 
which makes our hobby possible. 
Everywhere one looks these days, one 
can find someone writing about the 
deplorable state of our schools. We 
have students who can't read or write 
properly receiving diplomas and col-
lege degrees. To correct this sad state 
of affairs, we as a society will have to 
change our approach to education and 
discipline.... 

One last issue before I close. I don't 
think that many people, when they 
judge our ability to communicate, lis-
ten to 2 meters FM. This activity is one 
really bright spot in Amateur Radio 
when it comes to communication. 
Here you find truly local activity being 

carried out. In the case of my area, 
Southern New England, we have 
many fine activities taking place on 
repeaters and on simplex. We have a 
computer net on the W1XJ repeater 
that meets on Mondays at 8:30 PM, 
local time, where hams communicate 
ideas and educational information con-
cerning this aspect of our hobby. We 
have several MSO-type RTTY bulletin 
board systems up and running, distrib-
uting Amateur information of all kinds. 
We now have active packet radio sys-
tems in operation with all sorts of 
bulletin boards, message systems, and 
other features that promote real 
communication. 

Kenneth E. Stringham, Jr., AE1X 
Attleboro, Massachusetts 

service — not hobby 
Dear HR: 

Congratulations on an outstanding 
May issuel 

It was especially interesting to read 
the editorial, "The Readers Speak," 
(page 4) regarding the problems and 
solutions before us. Let me call to your 
attention one of the problems that 
seems to have escaped your attention. 
It is one of perception, and it is re-
flected by you in your editorial by the 
use of the word "hobby" no fewer 
than five times. Of course, you are 
referring to the Amateur Radio "Ser-
vice." It is, you know, a federally regu-
lated "service" and not a "hobby." 

Stamp collecting is a hobby. Model 
building is a hobby. Woodcraft is a 
hobby. Amateur Radio is a federally 
regulated service — even though it is 
perceived as a hobby by all too many 
hams and would-be hams. 

Typically, hobbies don't require for-
mal exams and licenses and involve-
ment with federal regualtions. One has 
only to read Part 97 to see that the pur-
pose and intent of Amateur Radio was 
not to establish a hobby, but rather a 
federally regulated communications 
service for the public interest, conven-
ience, and necessity. Indeed, too 
many of us are overly involved in con-
testing and card-collecting — the 
hobby aspects of ham radio. But if it's 
presented to us as a hobby, why not? 

Our organization, the Wireless Insti-
tute of New Orleans, was established 
by a group of dedicated hams to pre-
serve the original principles of Amateur 
Radio and to promote the state of 
communications art. We continue to 
observe the degradation of ham radio 
into what appears to be an expanded 
version of the Citizen's Band. But 
what the hell? It's just another hobby, 
isn't it? 

A.J. ("Buddy") Massa. W5VSR 
New Orleans, Louisiana 

matching dipoles 
Dear HR: 

Even though George A. Wilson, Jr., 
W10LP, in "Matching Dipole Anten-
nas," (May, 1984, page 129) made at 
least 24 separate references to GDO 
(Grid Dip Oscillators) and Grid Dip-
ping, someone is certain to try sub-
stituting a solid-state dipper, (such as 
the Heathkit HD-1250 or one of several 
factory assembled versions) when ex-
citing the RF Bridge discussed in the 
article. In fact, with the solid-state 
dipper far more prevalent today than 
the old vacuum tube grid dip oscillator 
(and interchangeable in most applica-
tions), no doubt a large number of 
hams who build the RF bridge will end 
up frustrated and with no discernible 
"dip." 

While the solid-state dippers can be 
used to determine resonance, per the 
first part of George's article, it is not 
likely to provide enough excitation to 
obtain a reading with the RF bridge 
unless overcoupled, with sensitivity set 
at maximum, and with an extremely 
sensitive ^A meter used as the detec-
tor. Even a 50 pA meter will probably 
not allow a discernible "d ip" to be 
obtained! 

A rough idea of a dipper's suitabili-
ty can be obtained by connecting a 
germanium diode and a small 2 to 
3-turn link in series across the 
meter's terminals. Coupling the link to 
the dipper's coil should easily produce 
a full-scale reading. If it does not, the 
dipper cannot be used to excite the RF 
bridge. 

Robert G. Wheaton, W5XW 
San Antonio, Texas 
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FM repeater separation — 
20 kHz Yes, 15 kHz No 
Proving the point 

through VHF FM receiver 
selectivity measurements 

Amateur use of the 2-meter (144-148 MHz) band 
is now under nationwide scrutiny in an effort to deter-
mine whether the channel spacing for FM sections of 
the band should be set at 15 kHz or 20 kHz. The 
original 30 kHz spacing was divided, as band use 
increased, into 15 kHz channels to allow more chan-
nels; this division led to increased adjacent channel 
interference in many areas, which in turn resulted in 
the current proposal to increase the channel spacing 
to 20 kHz. 

Changing to the 20 kHz spacing will, of course, 
change the frequencies of some of the channels and 
change the overall number of repeater "pairs" in the 
band. Only the technical — not the political or 
emotional issues implicit in these changes — will be 
addressed in this article. 

In trying to become better informed on the issue and 
thus establish a more substantial foundation for our 
decision in northern Colorado, we examined the nature 
of frequency modulation and its transmission and 
reception, and then made some measurements on sev-
eral popular transceivers. We hope this information will 
be useful to other repeater groups and coordinators 
as they weigh this issue for themselves. 

Our measurements were made to establish the 
actual performance levels of Amateur ("consumer") 
and professional ("commercial") receivers, with 
respect to adjacent channel rejection and variation of 
sensitivity with transmitter deviation setting. 

frequency modulation 
One factor that complicates any discussion of FM 

channel spacing is the varied levels of the understand-
ing from one person to another of just how FM works. 
The following brief review may help to clarify the sub-
ject and shed some light on interpretation of our data. 

In FM operation, the radio frequency output spec-
trum components vary as a function of the modulating 
(voice) signal amplitude. The resulting signal consists 
of a varying amplitude carrier and sideband pairs. (In 
narrow-band FM-only, the first sideband pair and car-
rier are significant in amplitude.) The amplitude of the 
carrier and sidebands is described by a mathematical 
term called a Bessel function of the first kind. The only 
thing we need to understand here is how much power 
is spread over how much spectrum, and what deter-
mines the signal (spectrum) width. Note that regard-
less of individual sideband or carrier amplitude, the 
total power of the FM signal is constant. 

A simplified FM signal spectrum is illustrated in fig. 
1. With no modulation applied, a single carrier term 
at a frequency fc is visible. As the amplitude of the 
modulating signal is increased (from zero), a sideband 
pair displaced ± f m from the carrier frequency ap-
pears. In this simplified version, we have assumed that 
a single-tone modulating signal (at frequency fm ) is 
used. Further increases in modulating signal amplitude 
cause additional sideband terms (pairs) to appear. At 
the same time, the amplitude of the carrier decreases. 
It is worthwhile reiterating that the total power of the 
FM signal is constant. This power distribution is a 
function of the modulation index |3, which is defined 
as the ratio of frequency deviation (swing from carrier 
frequency) to modulating frequency (fm). For small 
values of /3, the bandwidth occupied by an FM signal 
is simply 2 x f m . As /3 increases, more sidebands 
appear (separated f m in frequency from each other). 
A natural further complication is that voice modulation 
can be considered to consist of many tones of varying 

By Chris Kelly, WD5IBS, 1220 East Stuart #14, 
Fort Collins, Colorado 80525, and Virgil Leenerts, 
W0IIMK, 1007 W. 30th, Loveland, Colorado 80537 
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CARRIER ° 0.95 

. FIRST SIDEBAND • 0.23 

CARRIER • 0.79 

0 - 0 . 9 

FIRST SIDEBAND * 0.42 

, SECOND SIDEBAND - 0.09 

'r * tr + 2*m 

fig. 1. The spectrum distribution of an FM signal is a func-
tion of the modulation index 0 which in turn depends 
on the amplitude of the modulating (voice) signal. (>4) 
the unmodulated carrier, IB) at a p of 0.4 a single side-
band pair is evident with approximately 1/4 of the ampli-
tude of the unmodulated carrier, and (CI by increasing 0 
to 0.9 a second sideband pair is also apparent. Notice 
that in both (fl) and (C) the carrier power is reduced from 
its unmodulated value. 

amplitudes. Consequently the total FM signal spec-
trum is quite complex. 

For most VHF FM communications transceivers, 
this is 5 kHz deviation over 3 kHz maximum voice 
(modulation) frequency, or a /3 of 1.7 for high-pitched 
tones. Notice that lower deviation causes a lower 
modulation index. Using these figures, we find that 
99.99 percent of the power in an FM signal will be con-
tained in about 22 kHz of spectrum.2 Depending on 
the assumed voice characteristics, this figure will 
change, and the older EIA specifications say that 99.99 
percent of the power will occupy 19 kHz of spectrum.3 

In the case of several FM signals, we do not have 
just narrow carriers that must be separated — we have 
finite bandwidth modulated signals occupying some 
spectrum. 

For any given modulation frequency, we can 
decrease the modulation index, and thereby decrease 
the spectrum occupied, but not always in an exactly 
linear way. By increasing or decreasing the transmit-
ter deviation control, the power ratios in the various 
sidebands will change, causing various effects on the 
radio channel and on the receiver. 

MODULATION INDEX I 
CARRIER SWING 

AUDIO SIGNAL FREQUENCY 

fig. 2. Bandwidth (normalized) versus modulation index 
f l . (Adapted from C.E. Tibbs and G.G. Johnstone, Fre-
quency Modulation Engineering, John Wiley & Sons, 
Inc., New York, as reproduced in Reference Data for 
Radio Engineers. Sixth Edition, Howard W. Sams, Inc., 
publisher.) 

effect of transmitter deviation 
on system performance 

The Amateur 2-meter FM system is based on the 
commercial 5 kHz deviation FM system. System per-
formance depends on the design and adjustment of 
the transmitters and the receivers used. However, 
design tradeoffs do exist. 

Amateurs often discuss the effect of changing the 
deviation setting of ham transmitters, both in band-
width and in effects on the receiver. We examined 
these two issues and made measurements of con-
sumer gear and test equipment. 

Figure 2 shows a curve of normalized significant 
bandwidth versus modulation index. Most Amateur 
transmitters adjusted for 5 kHz deviation will operate 
at a modulation index ranging between 3 and 6, de-
pending on the operator's individual voice character-
istics. The curve shows that in this range the curve 
begins to flatten, and that increasing deviation has less 
effect on bandwidth than at lower modulation indices. 
The "rules of thumb" used to roughly describe the 
bandwidth of FM signals involve a limited range where 
the slope of this curve can be considered constant. 
This is because as you decrease transmitter deviation, 
the modulation index for a given tone rises, changing 
the relative energy in each sideband. 

Figure 3 illustrates the effect of the modulation 
index on the relative amplitude of FM sideband pairs. 
Consider the case of a 1 kHz tone, with the operator 
varying the deviation control on the transmitter. When 
the deviation control is at zero, all the RF power is con-
tained in the unmodulated carrier. When the deviation 
rises to 1 kHz, the modulation index equals 1, and we 
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in almost all sidebands up to the eighth. (Actually, 
there is energy present in other sidebands, but this 
chart cannot illustrate that.) The sidebands are spaced 
at intervals corresponding to the frequency of the 
modulating tone (1 kHz). 

Note also how the modulation index varies with the 
modulating tone. Consider what would happen if we 
left the transmitter at 5 kHz deviation, but raised the 
modulating tone to 2000 Hz. The modulation index 
would drop to 2.5, and we would have to examine fig. 
3 at this new point to determine the relative amplitude 
of sidebands at the new index. Here, only the first five 
sidebands are noticeable — but remember, these side-
bands are now 2 kHz apart. The bandwidth of the 
signal has increased, but it has not doubled. 

It should be noted that this discussion of single-tone 
modulation is a very simplified version of what hap-
pens when voice is used to modulate the carrier. The 
voice is composed of many frequencies, and the com-
position changes with time. The components of the 
FM signal are many, and not just the sum of the voice 
frequencies. Consider a case of just two tones modu-
lating the carrier. There will be carriers with amplitude 
of the Bessel function (J0) at the deviation ratio of 
the first tone, the Bessel function (J0) of the second 
tone, and sidebands having lines of all Bessel func-
tions of f i , f2, f i + f2, f i - h , f i + 3f2- 3fi + h . 
and so on. 

If you now consider the complexity of the human 
voice, the problem of mathematically describing the 
bandwidth becomes unmanageable, at least for this 
author. For this reason the discussions here are limited 
to single-tone modulation. 

The second aspect of performance affected by the 
deviation adjustment of the transmitter is how well the 
receiver is able to demodulate these signals. This is 
a very easily measured parameter. We checked the 
perormance of an Amateur receiver when receiving 
signals at different deviation values. In this test, we 
used a Hewlett-Packard 8640B signal generator and a 
SINADder. We measured the sensitivity of the receiver 
at the 12 dB SINAD point at deviations of 500 Hz, and 
1 kHz through 10 kHz deviation in steps of 1 kHz. The 
results of the test are shown in fig. 4. 

Notice that maximum sensitivity ( -122 dBm at 12 
dB SINAD) occurs at 3, 4, and 5 kHz deviation. The 
sensitivity is not affected by changes in deviation 
within this range. But above 5 kHz and below 3 kHz 
deviation, the sensitivity actually decreases. This result 
contradicts the popular notion that increasing the devi-
ation of a transmitter increases range, and further indi-
cates that reduction of transmitter deviation below 5 
kHz does not reduce range (down to no less than 3 
kHz, that is). 

receiver selectivity 
Although the performance of a receiver in rejecting 
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fig. 3. Plot of Bessel function of first kind as a function 
or argument (3 . (From P.F. Panter's Modulation, Noise, 
and Spectral Analysis, as reproduced in Reference Data 
for Radio Engineers. Sixth Edition, Howard W. Sams, 
Inc., publisher.) 

OEVIATION (kHi) 

fig. 4. Effect of daviation on sensitivity for a popular 
Amateur 2-meter transceiver. 

see a decrease in carrier power and increases in the 
first and second sidebands. In fact, there are increases 
in every sideband, but they are too small to show on 
this chart. At 1 kHz deviation, we see that the ampli-
tude of the first sidebands has risen to about 0.44 times 
the original carrier level, and each sideband contains 
about 19 percent (0.44 squared) of the RF power. Now 
each of the second sidebands has about 1 percent 
(0.11 squared) of the RF power, and the carrier has 
only about 60 percent of the power. 

As we raise the deviation to 5 kHz, the modulation 
index rises to 5 (5 kHz deviation/1 kHz modulation) 
and we can see that significant energy is now found 



table 1. Level of isolation from interference experienced on 
channels separated from 10 to 30 kHz from an adjacent FM 
source. 

Kenwood TW-4000A. On channel signal: 
ation, 1000 Hz modulation. 

115 dBm, + 3 kHz devi-

interference 30 kHz 20 kHz 15 kHz 10 kHz 
modulation (dB) (dB) (dB) (dB) 
400 Hz (EIA) 86 80 45 0 
800 Hz 86 80 40 0 

1200 Hz 86 80 33 0 
2000 Hz 86 68 25 0 

Kenwood TR-7800. On channel signal: - 114 dBm, ±3 kHz devia-
tion, 1000 Hz modulation 

400 Hz (EIA) 87 82 65 2 
800 Hz 87 83 57 0 

1200 Hz 87 83 48 0 
2000 Hz 87 79 37 0 

Handheld 1. On channel signal : -115 dBm, ± 3 kHz deviation, 
1000 Hz modulation 

400 Hz (EIA) 69 52 35 0 
800 Hz 69 52 34 0 

1200 Hz 69 52 30 0 
2000 Hz 69 52 25 0 

Motorola Syntor-X. 460.425 MHz. On channel signal: -107 dBm, 
±3 kHz deviation, 1000 Hz modulation. 
400 Hz (EIA) 93 85 53 13 
800 Hz 93 85 53 13 

1200 Hz 93 85 50 20 
2000 Hz 93 84 43 8 

off-channel signals is something that cannot be ad-
justed easily, it is a major element of any radio com-
munications system. A receiver consists of RF, IF, dis-
criminator, and audio sections with most of the selec-
tivity provided by the IF filter section. Intermodulation 
products and images can be generated in the RF and 
mixer stages. However, these are not directly related 
to the problem of adjacent channel interference — the 
IF filter and discriminator are. 

Most FM receivers use crystal or ceramic filters to 
narrow the IF bandwidth before the signals reach the 
discriminator, where they are demodulated (back) to 
audio frequencies. While it would be nice if we could 
build ideal filters that would pass all signals in the 
desired passband and completely stop all off-channel 
signals, this isn't possible. Filters actually have finite 
passbands with "skirts" that roll off signals more the 
further away from the channel center frequency they 
are. The filters are usually specified by their bandwidth 
at the - 6 dB and the - 60 dB points; this is also how 
most ham transceivers are specified for selectivity. 

Because the actual performance of the radio 
depends on this and other, less easily described fac-
tors — including discriminator performance — com-
mercial manufacturers have therefore elected to spec-
ify their receiver selectivity with a functional test that 
actually challenges the receiver with a signal in the ad-
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fig. 5. Setup is used to perform the adjacent channel 
selectivity tests. (From Standard Radio Communications 
Manual by Harold Kinley, © 1985. Prentice- Hall, Engle-
wood Cliffs, N.J. 07632. Reprinted by permission of the 
publisher.) 

jacent channel and measures the result. This is the test 
we selected and performed to determine selectivity. 

The Electronic Industries Association (EIA) has 
established an adjacent channel rejection test based 
on the ratio between the on-channel to off-channel 
signal strengths when the received signal-to-noise and 
distortion (SINAD) ratio becomes degraded by 3 dB 
by the adjacent channel signal. This test, part of the 
RS 204-C test, is performed by mixing the signals from 
two signal generators and measuring the SINAD of 
a 1000 Hz tone modulating the on-channel signal at 
3 kHz deviation.4 

The test setup used to perform the selectivity test is 
shown in fig. 5. The on-channel signal level is raised 
to obtain a 12 dB SINAD, then raised an additional 
3 dB. The off-channel signal is modulated at 3 kHz 
deviation by a 400 Hz tone, and its signal level is raised 
until the SINAD is degraded back down to 12 dB. Then 
the ratio of the two signals' strength is calculated in 
dB. When this measurement is made for both the next 
higher and the next lower adjacent channels, the lower 
of the two figures is used. 

When the EIA established these tests for selectivity, 
they also established standards they consider "mini-
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the action is at the IF 
— not the RF — stages 

When the problem of adjacent channel inter-
ference is examined, attention is focused on the 
filtering that takes place at the intermediate fre-
quency (IF) stages of the receiver, not at the 
radio frequency IRF) stages. The reason the IF 
gets the attention is the very narrow bandwidth 
required to allow separation of channels within 
the receiver's radio frequency input bandwidth. 

At the RF frequencies, cavity resonators are 
usually used by repeaters and helical resonators 
are found in commercial and some consumer 
receivers. These filters are used to control the 
receiver's RF bandwidth to improve performance 
in terms of sensitivity and reduction of out-of-
band signal strength. By this filtering, desensi-
tization ("desense"! and intermodulation distor-
tion ("intermod") are reduced. However, these 
filters are typically 50 kHz to several Megahertz 
wide, and match the input RF stages to the in-
tended operating range of the receiver. These 
filters are therefore very wide compared to the 
spacing of the channels (15 or 20 kHz), and will 
not have any significant filtering effect on those 
adjacent channels signals. 

In the IF amplifier chain, however, the very 
narrow filters required become practical, due to 
both the lower frequency used in the IF (typically 
from 0,455 to 10.7 Megahertz) and the fact that 
the intermediate frequency does not have to be 
varied as the radio changes operating frequen-
cies. In the IF stages, crystal filters are most com-
monly used to obtain very high " Q " (resonant 
frequency divided by bandwidth), frequency 
stability and shape factor (bandwidth at - 6 0 dB 
divided by - 6 dB bandwidth). These filters are 
comhnonly built with very narrow passbands (12 
to 20 kHz wide for FM, and as little as 250 Hertz 
wide for C W applications). Even these filters do 
not act as "brick-walls," passing all signals in the 
passband and completely stopping all signals 
outside of the passband, since their out-of-band 
attenuation increases as the off-channel signal 
moves farther away from the passband. The 
slope of this attenuation is another factor in the 
response of a receiver to the adjacent channel 
rejection test, and together with the filter band-
width (3 dB bandwidth) is a major factor in deter-
mining receiver performance in the test. 

The IF filter, then, plays a key part in determin-
ing the receiver's response to adjacent channel 
interference, while the filtering at the RF stages 
of the receiver has little or no effect on this 
problem. 

mum acceptable" performance. For this test, per-
formed on the adjacent channels, the minimum 
acceptable standard is 70 dB isolation from the adja-
cent channel. 

In these tests, we used a pair of HP 8640B VHF gen-
erators, chosen for their spectrally pure output signals 
( S SB phase noise below - 1 3 0 dBc), as the signal 
sources. The S INAD was measured using a Helper 
Instruments "S INADder 5." 

After the normal RS-204-C tests, we also measured 
selectivity with different frequencies of modulating 
tone on the adjacent channel signal. We did this 
because we believed that the choice of a 3 kHz devia-
tion and a 400 Hz modulation tone may not be realistic 
for direct comparison with the ham environment, since 
our DTMF tones and voices contain higher frequency 
components than 400 Hz, and our transmitters may be 
adjusted for greater deviation. While we did not 
change the deviation setting, we made additional 
measurements with tones of 800, 1200, and 2000 Hz 
at 3-kHz deviation. 

We measured receiver performance in this way, at 
channel spacings of 10 kHz, 15 kHz, 20 kHz, and 30 
kHz. The seven units we tested included one commer-
cial and three consumer mobile transceivers as well as 
three handhelds. 

results with consumer gear 
The results with consumer equipment are shown in 

figs. 6A, B, and C. Note that at 10 kHz spacing, little 
or no adjacent channel rejection is evident, and signals 
within 10 kHz of the channel center frequency are 
treated as "on-channel" by the receivers. This gives 
some idea of the bandwidth of each receiver's IF filter. 

At 15 kHz separation, the adjacent channel isolation 
(of an unmodulated carrier) is about45 to 70 dB. With 
the introduction of modulation, the interfering signal 
component is up by as much as 30 dB from ideal. 

At 20 kHz, the adjacent channel isolation is about 80 
dB, and some adjacent channel modulation is still 
detected. In most cases, the 20 kHz measurement was 
within a few dB of the receiver's ultimate rejection (as 
measured at 30 kHz separation). 

At 30 kHz, the adjacent channel isolation is about 
85 dB, and there is no change in this figure because 
of modulation frequency change. This figure shows 
little variation among the mobile rigs, but the handheld 
unit shows slightly lower performance (70 dBMSee 
appendix for further details.) 

results with commercial gear 
Motorola loaned us a commercial UHF " S Y N T O R -

X " which tuned to 460 MHz. (A VHF unit was not 
available.) At UHF, commercial manufacturers and 
Amateurs use 25-kHz channel spacing, but shop per-
sonnel believe that both VHF and UHF radios have 
similar specs and IF designs. We believe this test is 
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therefore representative of commercial receiver perfor-
mance at VHF. 

At 10 kHz, the SYNTOR showed slight rejection (see 
fig. 7), about 10 dB, of the interfering signal, indicating 
a slightly narrower IF filter than found in the consumer 
gear. Still, the low value means that receiver band-
width is approximately 15-20 kHz total. 

At 15 kHz, the SYNTOR showed 53 dB isolation, 
which was degraded by 10 dB when the modulating 
tone was increased to 2000 Hz. This again indicates, 
as in the case of the consumer gear, that we are on 
the skirts of the IF filter. 

At 20 kHz, the isolation increased to 85 dB and was 
degraded only 1 dB by increasing the modulating tone 
to 2000 Hz. 

At 30 kHz the SYNTOR showed 93 dB isolation, 
actually better than its specifications by several dB. 
Varying the modulating tone made no difference dur-
ing the measurements. 

discussion 

Two major results are evident in this data. First, 
while commercial radio gear offers higher performance 
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fig. 6. Effect of modulating frequency on selectivity test. 
Performed on three consumer (Ameteur band) trans-
ceivers using 3 kHz deviation and 400 Hz (RS-204-C test), 
800 Hz, 1200, and 2000 Hz modulation tones. 14) Kenwood 
TW-4000A, IB) Kenwood TR-7800, and (O Handheld. HT1. 
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why do we use FM? 
Considering the ongoing discussions of channel 
spacing and FM bandwidth, one might ask why 
hams use FM, which occupies such a large band-
width compared with A M or single sideband 
(SSB) . The answer lies in the improved signal-
to-noise ratio (S/N) gained by the demodulator 
in an FM receiver. If you compare the signal-to-
noise ratio of the demodulated signal with the 
carrier to noise ratio (C/N) of the radio wave 
before demodulation, you find that above a cer-

« tain threshold, the demodulated signal shows a 
significant enhancement in S/N. The measure-
ment of C/N must be made in a bandwidth equi-
valent to the IF bandwidth of the receiver, but 
within these constraints, we find an enhance-
ment factor of: E = 6/32(/3 + 1) where 0 is the 
modulation index of the FM signal.* 

To see how significant this enhancement is, 
consider the case of a 1000 Hz tone modulating 
a carrier at 4.5 kHz deviation, and a beta of 4.5, 
not unusual in Amateur voice systems. In this 
case, the enhancement is 668 times the carrier 
to noise ratio, or about 28 dB. 

This enhancement, seen only above a thresh-
old C/N, is one reason FM is popular for both 
commercial broadcasting and communications. 
Below this threshold, FM actually provides lower 
S / N than other modes, which is why weak-sig-
nal work is seldom done using FM. 

•Simon Haykin, Communications Systems, John Wiley & Sons, 
1983. 

than consumer radios, the differences are not particu-
larly large. Secondly, when operated at 15 kHz spac-
ing, all these receivers will exhibit considerably de-
graded performance when compared to their use at 
20 kHz. 

On the first result, we wish to note that in the last 
several years, commercial radio suppliers have 
changed their radio designs from a relatively limited 
coverage radio to one that can cover channels sep-
arated by many Megahertz. This has been done by 
reducing filtering at the RF stages and enhancing the 
IF filters to maintain performance. While this reduction 
of the Q of the RF portion of the receivers does not 
alter the adjacent channel rejection, the enhancement 
of the IF stages does. The S Y N T O R - X model is capa-
ble of covering the entire 450 MHz commercial band 
without retuning the RF stages, and represents first-
class commercial radio equipment, with a price near 
$2800. 

iShHt iokm 

fig. 7. Selectivity test performed on a commercial UHF 
transceiver (Motorola " SYNTOR-X " ) . Both the E IA 
R S 204-C and 2000 Hz tones were used. 

W e expected, and found, excellent IF performance 
in the Motorola gear. The surprise was that the IF per-
formance of the consumer gear was actually quite 
similar, and for most Amateurs the difference would 
not be significant — this was a surprise to us because 
we suspected that by adopting commercial standards 
for Amateur purposes, the interference problem could 
be solved. But the answer is clearly not that simple. 

On the second result, we believe that when these 
radios are operated with 20 kHz channel spacing, they 
demonstrate performance which is near their ultimate 
design goal (as defined by their 30 kHz performance). 
At 15 kHz spacing, these radios all demonstrated very 
similar degradations in performance, and these deg-
radations amounted to 30 to 40 dB. Furthermore, this 
degradation was significantly affected by the band-
width of the interfering signal. Considering the conser-
vative settings (3 kHz deviation, 400 Hz modulation) 
we believe the 15 kHz isolation numbers are generous 
compared to the Amateur environment, where 4.5 to 
6 kHz deviation seems more common. 
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fig. 8. This graph clearly illustrates the need for at least 20 kHz separation between repeater channels. 

Finally, when these results are compared with the 
EIA specification for minimum acceptable adjacent 
channel rejection, we see that all the receivers failed 
the test at 15 kHz spacing, and all but the handheld 
unit passed the test at 20 kHz spacing (see appendix). 

The mechanism for this adjacent channel interfer-
ence depends on both the nature of FM itself and the 
design of the receiver IF filters. What we believe is hap-
pening is shown in fig. 8. In this diagram, we have 
illustrated the shape of the FM signal resulting from a 1 
kHz tone modulating a transmitter at 3 kHz deviation. 
First note the zone called "required bandwidth," which 
is the legendary 13 kHz wide. This zone shows the 
sidebands down to - 40 dB from the carrier's unmod-
ulated level. It is evident that some remaining side-
bands are present, down to the - 80 dB level, with 
the noise floor of the test instrument, an HP8568B 
spectrum analyzer. 

On the left of the diagram, we have illustrated the 
filter shapes of typical consumer receivers spaced 30, 
20, and 15 kHz away from the carrier frequency of the 
signal. Notice that at 30 kHz spacing, no power from 
the signal is entering the receiver's passband, down 

to the resolution of the instrument. At 20 kHz spac-
ing, the edge of the receiver passband intersects a 
small portion of the signal, indicated by the area label-
ed 7. At 15 kHz spacing, more of the signal is in the 
receiver passband, as noted by areas 1 and 2. While 
it would be difficult to quantify the difference from this 
diagram, our tests have shown that this difference is 
in the range of 30 to 45 dB. If the more liberal EIA 
RS-204-C test were performed, using a 400 Hz tone, 
the receivers would pass at 20 kHz separation and fail 
at 15 kHz spacing. 

We hope this report is informative and will be useful 
as you make your decisions on coordinating repeaters, 
both in frequency and geographical separation. 
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AMATEUR TELEVISION 

KPA51 WATT70 CM ATVTRANSMITTER BOARD 
• APPLICATIONS: Cordless portable TV camera lor races 8 other public service 

events, remote VCR, etc. Remote control of R/C airplanes or robots. Show homo 
video tapes, computer programs, repeal SSTV to local ATVers DX depends on 
antennas and terrain typ t to 40 miles 

• FULL COLOR VIDEO & SOUND on one small 3.25x4 board 
• RUNS ON EXTERNAL 13.8 VDC al 300 ma supply or battery 
• TUNED WITH ONE CRYSTAL on 426.25. 434.0, or 439.20 mliz 
• 2 AUDIO INPUTS for alow Z dynamic and line level nudio input found in most 

portable color cameras. VCRs, or home computers 
• APPLICATION NOTES A schematic supplied for typ cal external connections, 

packaging, and system operation 
• PRICE ONLY $159 delivered via UPS surface in the USA Technician dtissi 

amateur license or highur required lor purchase and Operation 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV sut wil l . u 
TVC-2 orTVC-4 420-450 mllz to channel 3 downconverter. 70 cm antenna, and coax 
cable to roceive. Package up the KPA5, add 12 to 14 vdc. antenna, and any TV 
camera. VCR, or computer with n composite video output. Simple. eh'> 

C A L L OR W R I T E FOR OUR C O M P L E T E CATALOG & more info or. alv 
do w neon vert ers, antennas, cameras, etc.. or w h o is on in your area 
TERMS Visa, Mastercard, or cash only UPS COD by telephone or mail. Telephone 
orders & postal MO usually shipped within 2 days, all othei checks must clear before 
shipment Transmitting equipment sold only to licensed amateurs verified in 15JB4 
Cnllbook Calif include sales tax 

( 8 1 8 ) 4 4 7 - 4 5 6 5 m - f 8 a m - 6 p m p s t . 

P.C. ELECTRONICS 
T o m W 6 0 R G M a r y a n n W B 6 Y S S 

^ m 
2522 Paxson Lane 
Arcadia CA 91006 

appendix 
O f t h e t h r e e h a n d h e l d s t e s t e d I H T 1 , H T 2 , a n d H T 3 - s e e t a b l e 

A l ) v a r i a t i o n e x i s t e d f r o m o n e u n i t t o t h e o t h e r a n d a l s o f r o m t h e 
b e t t e r s i d e t o t h e w o r s e s i d e o f t h e f i l t e r . B e c a u s e t h i s t es t is m a d e 
o n t h e s i d e o f t h e f i l t e r ( r e s p o n s e ) a n d n o t f a r t h e r a w a y f r o m t h e 
p a s s b a n d , the results will be very sensitive to the frequency to which 
the receiver is tuned. T h e r e f o r e , if t h e r e c e i v e r d r i f t s , i t w i l l c h a n g e 
t h e b e t t e r a n d w o r s e i s o l a t i o n f i g u r e s e v e n m o r e . T h e r e is a lso 
s o m e t h i n g e l se a t w o r k h e r e : n o t i c e that H T 3 s h o w s c o n s i d e r a b l e 
v a r i a t i o n a t 15 k H z f r o m o n e s i d e o f t h e f i l ter t o t h e o t h e r , b u t i ts 
f i g u r e s a r e m o r e n e a r l y e q u a l a t 2 0 a n d 30 k H z t h a n H T V s . T h i s is 
a d r a m a t i c d e m o n s t r a t i o n o f w h y a p e r f o r m a n c e t e s t l i ke t h i s is so 
m u c h m o r e r e v e a l i n g t h a n m e r e l y q u o t i n g t h e n o m i n a l s p e c i f i c a t i o n 
o f t h e f i l t e r e l e m e n t . 

table A l . RS-204-C test results for throe handholds ( interfer ing signal. 400 H i ) 
Channel Spacing: 
<IB isolation (HT1I 

IHT2I 
IHT3I 

15 kHz 
32/50 
58/69 
23/66 

20 kHz 
48/70 
76/80 
70/73 

30 kHz 
69/77 
83/83 
76/77 

ICOM 
SPECIAL 

1C-745 
$789.00 

P l u s s h i p p i n g 

This table is not meant to compare one brand namu against the other (thus the 
anonymity) since none of the units are at their brand-new performance levels, but 
have been in use lor varying lengths o l time. Variation between individual units ol a 
given model may also be considerable. To compare given models fairly, we would have 
to test several of each type to obtain a sample large enough to be considered represcn 
tative of its series. 

More important, though, is the difference in readings between the upper and lower 
adjacent channel tests and its effect on performance. Rernembor, the EIA (specification! 
procedure calls for using the lower of the two figures. 

Finally, perhaps the EIA-70 dB specification is not meant for HTs; considering their 
intended use, it may bo acceptable for HTs to have a lower isolation value since they 
are typically operated closer to the repeater and use a much lower gain and altitude 
antenna than found on most home or mobile Installations, 
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EK0M* 
onlc LMMnimtM/jmL 

Authorized Dealers For 

KENWOOD & I C O M 

KENWOOD 
SPECIAL 

NEW 
TS-940S 

w i t h a u t o m a t i c 
tuner 

$1765.00 
P l u s s h i p p i n g 

Also displaying the popular accessories needed to complete a HAM STATION . . . 

ARRL PUBLICATIONS • AEA PRODUCTS • AMPHENOL 
• ALPHA DELTA • ASTRON • AUSTIN ANTENNAS • AVANTI 

• BELDEN • BENCHER • B & W • DAIWA • HAM-KEY 
• HUSTLER • KLM • LARSEN • MIRAGE • ROHN 
• TELEX /HY-GAIN • VIBROPLEX • WELZ • ETC. 

OPEN SIX DAYS A WEEK • 113 

Telephone 617/486-3400, 3040 
675 Great Rd., (Rte. 119) Littleton, MA 01460 

17* miles from Rte. 495 (Exit 31) toward Groton, Mass. 



calculating the input impedance 
of a tapered vertical 

Schelkunoff procedure 
— best method to use 

I 
ZOI Z02 Z0i 

TAPERED LINE 

fig. 1. Comparison between tapered and exponential 
transmission line. 

In the last decade there has been a tendency among 
Radio Amateurs to use vertical whip antennas on 80 
and 160 meters. One clear advantage of using tapered 
whip elements, constructed of aluminum tubing, is 
their durability under severe weather conditions. But 
the fundamental question and the main obstacle to 
even more widespread Amateur use of the antenna 
is the problem of accurately determining the antenna 
feedpoint impedance for various tapers. 

For cylindrical element length-to-diameter ratios, the 
feedpoint impedances are readily solvable by analytical 
methods such as Hallen's integral equation,1 the in-
duced EMF method,2 and Schelkunoff's input impe-
dance equation.3 Using a computer and the "method 
of moments" approach, employing matrix algebra 
techniques,4 will also provide answers. 

which approach to use? 
The basic question to be answered is what method 

should be employed to solve for the feedpoint im-
pedance of a tapered vertical before its actual con-
struction begins. Perhaps a clue is provided in 
the analytical method described by James Lawson, 
W2PV, in his well-known ham radio series on Yagi-
Uda antennas.6 Lawson stated that the inductance to 
capacitance (L/C) ratio of a tapered element is related 
to a geometrical mean diameter. Each cylindrical sec-
tion has its own L/C ratio, or more specifically, its own 
surge impedance Zq = vT/C. This formula is 
used to describe an exponential (Collins) transmission 

By Walter J. Schulz, K30QF, 3617 Nanton 
Terrace, Philadelphia, Pennsylvania 19154 
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0 0.08 0.16 0.24 0.33 0.40 0.48 
L/A 

fig. 3A. " M " factor versus normalized length for tapered 
antenna elements. (Adapted from Sergei A. Schel-
kunoff's Advanced Antenna Theory. John Wiley and 
Sons. New York, 1952.) 

0 0.08 0.16 024 0.32 0.40 0.48 

L /X 

fig. 3B. "N" factor versus normalized length for tapered 
antenna elements. (Adapted from Sergei A. 
Schelkunoff's Advanced Antenna Theory, John Wiley 
and Sons, New York, 1952.) 

line used for matching two different impedances (see 
f ig. 1). Notice that each section of the exponential 
transmission line has its own surge or characteristic 
impedance. An impedance transformation occurs in 
either direction as a result of the taper. Consequently 
a tapered antenna element can be considered as a 
tapered exponential transmission line that has an 
average characteristic impedance described as a geo-
metrical mean of its diameter. 

W2PV took note of this physical relationship, 
applied that relationship to Yagi elements, and 
developed a method to evaluate the taper. An even 
earlier method, developed by Sergi A. Schelkunoff at 
Bell Labs is easier to work out — with either a pencil 
and paper or with a handheld calculator — yet still 
provides accurate results. 

describing a tapered vertical 
A tapered vertical element may be thought of as a 

truncated cone, as shown in fig. 2, with specific base 
and tip diameter and length, using cylindrical elements 
that telescope into one another, exhibiting impedance 
discontinuities at each section boundary. Conse-
quently, eq. 1 can be used to describe a tapered verti-
cal element shape factor.7 

Z„ = 60 SLn(2L/b) + 60 t/b - t Zn(t/b) (1) 
where L = length (inches) 

b = base radius (inches) 
t = tip radius (inches) 

Not only was Schelkunoff able to determine the 
shape factor, but he was also successful in making 
the necessary engineering approximations to equate 
antennas to transmission line behavior. This resulted 
in the modification of the basic transmission line 
formula for the solution of feedpoint impedance values 
for arbitrarily shaped antennas.3 
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Ra sin G + j (Xa - N) sin G - j (2Z0 - M) cos G 
Zin = Zo (2Z0 + M) sin G + (Xg + N) cos G - j Ra cos G 

Ra = 60 (y + Zn2G - Ci2G) + 30(y + in G - 2 Ci 2G + Ci 4G) cos 2G 
+ 30 (Si 4G - 2 Si 2G) sin 2G ' ' 

Xa = 60 Si 2G + 30 (Ci 4G - In G - y) sin 2G - 30 Si 4G cos 2G (4) 

where M and N values are taken from figs. 3A and 3B 
G = antenna height in radians 
7 = 0.5772 
Si - sine integral 
Ci = cosine integral 

e x a m p l e 

It is desired that a vertical whip antenna is to operate on 3.8 MHz. Its height is 60 feet 
(18.29 meters) or 720 inches (1829 cm). The base diameter is 3 inches (7.62 cm) and its 
tip diameter measures 3/4 inch (2 cm). What is the vertical feedpoint impedance at this 
operating frequency? It is assumed that the vertical sits on a perfect ground radial 
system that has a minimum resistance. 

Step 1. Find the shape factor (Zo)-

Zo = 60 In 2'7^ +60 ° f j - 0.375-in = 384.3 

Step 2. Find the M and AT values from figs. 3A and 3B. 

with t/b = = °-25 

M(l) = —38 and N(l) = +125 

Step 3. Express fractional wavelength of antenna in degrees or radians. 

fractional wavelength = m/F^\MHz) 

= (984/JIT) = 0 2 3 , 7 

0.2317-3600 = 83.4° 
8 ? 4 ° 

or YJ J- o = 1.4557 radians 

Step 4. Calculate Ra value. 

Ra = 60[0.5772 + Zn 2.9114 ~ (+0.15)] 
+ 30(0.5772 + Zn 1.4557 - 2 (+0.15) + (-0.10)] cos 2.9114 
+ 30(1.4356 - 2'1.8431) sin 2.9114 = 58.2 

Step 5. Calculate Xa value. 
Xa = 60(1.8431) + 30(- 0.10 - Zn 1.4557 - 0.5772) sin 2.9114 

- 30'1.4356'cos 2.9114 = 145.31 

Step 6. Calculate the vertical feedpoint impedance. 
58.2 sin 1.4557 + j(145.3 - 125) sin 1.4557 - j(2-384.3 + 38) cos 1.4557 ' 

Z/M — JOT. J (2-384.3 - 38) sin 1.4557 + (145.3 + 125) cos 1.4557 - j58.2 cos 1.4557 

Zin = (384.3 + JO) 57.8 - J72.5 = (384.3 + j0)(0.0772 - j0.0951) = 29.7 - j36.5 756.8 - j6.7 

= 29.7 ohms - j36.5 ohms 
Using an HP-41C calculator eliminated the manual labor and produced answers 

more quickly (see Appendix). 
This program can be used not only on tapered vertical antennas, but on tapered Yagi 

elements as well. To do this, calculate half the dipole length just as if it were a vertical, 
and then multiply the answer by two. This new product is the feedpoint impedance for 
a tapered dipole element. 
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8l*L8L "ZB' 55 CLX 

02 XEQ "Ra" 56 RCL Z 

93 RCL 95 57 STO 19 

94 SIN 58 CLX 

05 * 59 0 

06 STO lb 60 ENTERt 

87 CLX 61 XEQ "ZO" 

08 XEQ "Xa" 62 RCL 19 

09 RCL 08 63 RCL 18 

18 - 64 XROH "i>-

11 RCL 85 65 •ZB IN=R" 

12 SIN 66 flVIEH 

13 * 67 RCL X 

14 ENTERt 68 STOP 

15 XEQ "0" 69 CLX 

16 RCL 07 70 -J=-

17 - 71 flVIEH 

18 RCL 05 72 RCL Z 

19 COS 73 STOP 

20 * 74 END 

£ 1 

22 STO 17 

23 CLX 

24 XE8 "Ra" 

25 RCL 05 

26 COS 

27 * 

28 -1 81»LBL "ZO" 

29 * 02 RCL 89 

30 STO 14 03 RCL 19 

31 CLX 04 -

32 XEQ "0" 05 1/X 

33 RCL 07 06 RCL 18 

34 + 87 * 

35 RCL 05 08 68 

36 SIN 09 * 

37 * 18 ENTERt 

38 ENTERt 11 RCL 10 

39 XEQ "Xa" 12 RCL 89 

48 RCL 08 13 / 

41 + 14 LN 

42 RCL 05 15 * 

43 COS 16 ENTERt 

44 * 17 RCL 11 

45 + 18 2 

46 STO 15 19 * 

47 CLX 20 RCL 89 

48 RCL 17 21 / 

49 RCL 16 cc. LN 

50 RCL 14 23 68 

51 RCL 15 24 * 

52 XROH "C/" 25 + 

53 RCL X 26 STOP 

54 STO 18 27 END 

fig. A1. HP41C calculator program forfindii 
antenna. 

0 K 8 L "0" 81•LBL "Xa 

82 XEQ "ZO" 02 RCL 83 

83 2 03 RCL 85 

84 * 04 LN 

85 RTN 05 -

06 END 06 .5772 

07 -

88 38 

89 * 

10 RCL 84 
0NLBL "Ra" 11 SIN 
82 RCL 84 12 * 

63 LN 13 ENTERt 
84 .5772 14 RCL 81 
05 + 15 68 
06 RCL 86 16 * 
67 CHS ! 7 t 

08 + 18 ENTERt 
89 60 19 RCL 84 
10 * 20 COS 
11 ENTERt 21 RCL 02 
12 RCL 85 22 • 
13 LN 23 38 
14 .5772 24 t 

15 + 25 CHS 
16 RCL 86 26 + 
17 2 27 STOP 
18 * 28 RTN 
19 CHS 29 END 
2 8 + 

21 RCL 83 

22 + 
23 RCL 04 

24 COS 

25 * 

2 6 3 0 

27 * 

28 + 
29 ENTERt 

38 RCL 81 

31 2 

32 * 

33 CHS 

34 RCL 02 
35 • 

36 RCL 84 

37 SIN 

3 " * 

39 39 

40 * 

4! + 

42 STOP 

43 RTN 

44 END 

feedpoint impedance of tapered vertical 

appendix 
HP-41C calculator program for 
finding feedpoint impedance of 
tapered vertical antenna 

HP-41C instructions 

• Execute SIZE arid key in 020. 
• Key in ZB program and subroutines Zo, 0 , Ra, 
X
a
-

• Key in functions memory register 01 to 11. 
• Execute program ZB. 
• Each subroutine answer will be displayed, to 

continue program depress R/S key. 
functions memory registers 
Si 2G STO 01 
Si 4G STO 02 
Ci 4G STO 03 

2G STO 04 
G STO 05 

Ci 2G STO 06 
M (unction STO 07 
N function STO 08 
base radius STO 09 
tip radius STO 10 
length STO 11 
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ham radio 

short circuit 
In "Voltage Controlled Oscillator 

Uses Ceramic Resonators," (K2BLA, 
June 1985, page 23), two base bias 
resistors for the 2N3904 were inadver-
tently omitted from fig. 8. Add a 2.2k 
resistor from base to ground and a 10k 
resistor from the same base to +15 
VDC. 
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design a 
toroidal tank circuit 

for your vacuum tube amplifier 

No engineering 
degree required 

for this 
practical approach 

Sooner or later every ham experiences three com-
mon desires: to build a big low-band power amplifier 
covering all of the ham bands, including 160 meters; 
to acquire (without benefit of an EE degree) sufficient 
knowledge to determine the exact number of turns and 
placement of taps for the tank coil therein; and to see, 
sometime soon — preferably within the limits of this 
century — the shrinking of the tank circuit to an 
acceptably small size. 

Good news! With no more than a high school stu-
dent's understanding of math, you can easily fulfill all 
three desires described. How? By simply using a 
powdered iron toroidal core network in the vacuum 
tube tank circuit in place of the huge conventional air 
dielectric coil. 

Many solid state amplifiers, by virtue of their ex-
tremely low load impedances, use this technique; this 
is one reason for their reasonably small size. Yet only 
a few experimenters have actually tried using the 
toroid in the high impedance circuits of the vacuum 
tube. 

"Available from Ham Radio's Book Store, Greenville. New Hampshire 03048, 
$12.95 plus $3.50 shipping and handling. 

After reading this article, you'll be able to either 
modernize the amplifier you have on the shelf or start 
from scratch, building one from the many excellent 
schematics available in periodicals, in Bill Orr's Radio 
Handbook* or in the various ARRL publications. 

What effect does continuous high power have on 
the core? The high impedance of vacuum tubes causes 
the toroid core to become hot, causing its character-
istics to change. The core would also saturate at the 
higher frequencies, causing instability and destruction 
of its composition. But the core described in this arti-
cle will easily handle in excess of 2 kW maximum peak 
power, with no instability or saturation. (When I fin-
ished testing, the core was barely warm to the touch. 
Before you touch the coil, be sure the B + is off and 
capacitors fully discharged to avoid shock.) 

The toroid used was an Amidon T-400-2A. A nearly 
exact substitute for this is two Amidon T-400-2 units 
sandwiched together. If the amplifier you want to build 
is less than the 2 kW class, then a single T-400-2 core 
can be used. Even more space can be saved by using 
a pair of 3-inch (7.6 cm) T-300-2 toroids. These, 
however, will require five or six more turns of wire. 

choosing the right tube 
is an important first step 

You must now decide on the type tube or tubes you 
intend using in your amplifier. Grounded grid opera-
tion in class AB1 is a favorite for single sideband. Let's 
suppose you have a number of 4CX300A tubes and 
sockets or 4CX250Bs or Fs that were obtained surplus. 
The very first number you must come up with is the 
operating plate load impedance. This you determine 

By Robert E. Bloom, W6YUY, 8622 Rubio 
Avenue, Sepulveda, California 91343 
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from the level of plate voltage and current you'll be 
running. This information can be obtained from the 
sources previously mentioned or from data sheets from 
the tube manufacturer. 

Suppose, for example, that S S B is your main inter-
est and a pair of 4CX300A tubes is available. We've 
already stated that grounded grid would be the choice. 
But the 4CX series of tubes requires screen and grid 
bias voltages, so to call the operation "grounded grid" 
would be inaccurate. The tubes would really be run-
ning in a cathode driven circuit with the grids at RF 
ground potential, but above ground at DC so that the 
necessary voltages could be applied. 

With drive applied in class A B operation, each tube 
draws 250 mA at a plate voltage of 2000 volts. This 
translates to a total input power level of 1000 watts. 
Output efficiency in this class of service is between 
60 and 65 percent, or just over 650 watts. A circuit 
Q of 12 is needed to sustain the proper energy storage 
in the tank circuit. 

determining plate load resistance 
We now have all of the information necessary to 

calculate one of the more important values needed, 
and that is the load impedance, R p , the tubes will pre-
sent to the input of the Pi network. For class AB 
operation 

H . 
I.8 

IV 

where Vp = plate voltage 
/ = total plate current 

2000 
1.8 x 0.5 

2000 
0.9 = 2222 ohms 

For class " B " operation the formula becomes 

K P " 2 I n 
(21 

Values of components C1, C2, and L1 in a pi config-
uration are readily available.1 An abbreviated version 
of it is provided in table 1. The data is divided into 
columns headed by the various values of plate load 
resistance in increments of 250 ohms. The tables are 
usually calculated for a Q of 10 or 12. C1 is called out 
as the plate tuning capacitor and C2 as the loading 
capacitor. The purpose of the pi networks is to step 
down the high level of plate load impedance to some 
value between 25 and 100 ohms to match the load, 
which is usually an antenna or possibly a dummy 
termination. 

pi values for other 
load impedances 

The plots provided in f igs. 1, 2, and 3 can be used 
to find component values for intermediate load impe-

dances simply by linearly interpolating. For example, 
if the value of capacitor C1 is needed for a load impe-
dance half way between 1500 and 2000 ohms on the 
160 meter band, take the arithmetic mean: 

CI = 531 + 430 = 481 pF 

The same holds true for determining the values of C2 
and L1. The same interpolation method can be used 
to find pi values for the W A R C band frequencies. 

effective pi-network capacitance 
The two capacitors, C1 and C2, in the pi-network, 

are effectively in series and shunt the coil so that the 
resultant capacity (Cj) of the pair determines the res-
onant frequency (see fig. 4). Knowing C r and the 
required resonant frequency, the coil value can be 
calculated. Evaluating: 

CI * C2 _ 481_x 2652 
481 +2652 CT = CI + C2 

407 pF 

remember this, because we'll be using it later. 
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table 1. Pi-network component values versus plate load 
impedance. (Capacitors C1, C2 in pF and inductance 
LI in microhenries.) 

ZL plate load impedance (ohms) 
capacitor C1 

band 1750 ohms 2000 2260 2500 
160 610 531 481 430 
80 318 273 246 220 
40 159 136 123 110 
30 120 102 93 83 
20 80 68 62 55 
15 53 45 41 37 
10 40 34 32 30 

capacitor C2 
160 3176 2865 2652 2440 
80 1628 1473 1368 1263 
40 815 737 684 632 
30 610 492 457 422 
20 407 368 342 316 
15 272 246 229 211 
10 204 184 171 158 

inductor L1 

160 14.94 16.61 18.36 20.10 
80 7.56 8.54 9.72 10.90 
40 3.78 4.27 4.89 5.50 
30 2.52 2.84 3.24 3.64 
20 1.89 2.14 2.42 2.70 
15 1.26 1.42 1.62 1.82 
10 0.95 1.07 1.21 1.36 

C2 LOADING CAPACITANCE VERSUS PLATE LOAD IMPEDANCE (Q'lZ) 

fig. 2. Loading capacitance versus plate load impedance 
(Q= 12). 

toroids in general 
Information about toroidal cores and coils is 

available in many handbooks. Amidon's catalog, "Iron 
and Ferrite Cores," also includes general information 
about core characteristics. 

Toroidal cores are basically of two types: powdered 
iron and ferrite. The permeability of the core helps 
determine the number of turns of wire required on a 
given physical size core; the larger the n, the fewer 
the number of turns required to provide the given 
inductance. Powdered iron cores generally have per-
meabilities from 1 up to 125, while ferrite cores have 
permeabilities ranging from 40 to 5000. Worthwhile 
noting is that with toroids, there is no such thing as 
a partial turn. If the wire goes through the hole, you 
have one turn and you do not get a second turn until 
the wire goes through the window once more. 

The core size is another factor that affects the 
number of turns needed for a given inductance. This 
is directly related to the cross sectional area and conse-
quently the flux density of the core. It sounds compli-
cated, but is simplified by combining everything into 

what is called the " A L " value, and this alone can be 
plugged into a simple formula resulting in the number 
of turns required for a given inductance. Although the 
ferrite material has a much higher n than the powdered 
iron core, ferrite is not as stable and saturates easily 
when used in power circuits. 

Certain factors must be known in order to select the 
proper core for a specific job; first, we need the fre-
quency range and permeability. Like resistors, all cores 
are marked according to a universal color code repre-
senting the compound mix number (table 2). The 
compound mix determines the core's frequency range. 
For the HF range, compound mix number 2 with a per-
meability of 10 is best. The core is powdered iron and 
is colored red. 

Toroidal cores are prefixed either with a T for 
powdered iron or an /Tfor ferrite. The number follow-
ing the 7" or FT identifies the diameter of the core. One 
of the more popular cores — because of its extensive 
application in antenna baluns — is the T-200-2, which 
is short for "toroidal powdered iron, 2 inches !5 cm) 
in diameter. No. 2 compound mix." Table 2 lists core 
colors and mixes versus frequency. 

selecting the core 
The core I chose is a T-400-2A, which has an A l 
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of 360. As stated previously, two T-400-2 are a nearly 
exact equivalent; each 400-2 has an AL of 185. Two 
stacked, therefore, would have an A l of 370, because 
two of these together are a little thicker than a single 
400-2A. You've probably guessed that a suffix letter 
relates to a core with a somewhat thicker than stan-
dard width and consequently a higher AL . (Why the 
A L number? This number represents the inductance 
in microhenries that 100 turns will produce on any 
given core.) From this important factor one can deter-
mine the number of turns required for a specific 
inductance. 

The A l number is used in a simple formula: 

table 2. Color code identifies core mix and frequency 
range. 

Turns = 100J desired inductance (V.H) (3) 

The coil number of turns is calculated for the lowest 
band we are to use, which is 160 meters. Referring 
to the capacity (inductance data) we find, under 2250 
ohms, that the inductance for 160 meters will be 18.36 
— let's say 18 Plugging in the numbers. 

100 HI 
V 360 

100 V&05 = 22 turns 

In case of a fraction, round out the number, since there 
are no partial turns in winding a toroid. 

As a point of interest, I noticed that Amidon now 
has a 3.048 inch (7.8 cm) core called a T-300; A-2 mix 
would have an AL of 115. The core is 0.5 inch (12.7 
mm) thick. Stacking one on top of the other would 
make up a 1 inch thick core with an A L of 230. The 
required number of turns in this case is equal to 

27.975 or 28 turns. 

For those of you thinking of an amplifier in the 1 
kW input class, the coil should be wound with No. 
12-gauge enamel covered wire. If you contemplate 2 
kW, use No. 10-gauge wire. 

coil preparations 
Obtain a roll of glass cloth electrical tape No. 27. 

It costs approximately $3.50 for 66 feet, or about 20 
meters (there'll be plenty left over). If you're going to 
stack cores, use Eastman 910 super glue or equivalent. 
Align the cores, applying a small quantity of the glue 
— possibly only a few drops — around the side of one 
core. Work swiftly; super glue hardens quickly. The 
glue prevents the cores from moving out of alignment 
while they're being prepared for winding. 

Now wrap two layers of glass tape around the core. 
Apply a heavy layer of Polystyrene Q-dope (available 
from Radio Shack for less than $2 per 2-ounce bottle) 
to the glass-taped core. Set the core on a sheet of 
waxed paper or plastic wrap. After 20 minutes or so 
the Q-dope will have hardened sufficiently for another 

frequency 
range 
(MHz) color mix 

0.05- 0.5 gray 3 
0.1 - 1.5 red/white 15 
0.5 - 5.0 blue 15 
1.0 -30.0 red 2 

layer to be applied. (The core can easily be separated 
from the waxed paper or plastic wrap for full cover-
age.) When you're finished, no one — not even you 
— will know if it's one core or two. 

Apply coat after coat until you've practically ex-
hausted the contents of one 2-ounce bottle of Q-dope; 
you'll probably have about ten layers, which will add 
about 1/8 inch (.32 cm) or more to the thickness of 
the core. Now you'll need to add some insulation to 
the sides of the toroid. Some 1/16 to 1/8-inch (16mm 
to 32 mm) polystyrene or fiberglass will be needed. 
(Don't use plexiglass.) In my search I ended up using 
1/16-inch (16 mm) G-10 epoxy glass printed circuit 
board. 

Use a propane torch to remove the copper foil. Place 
the board in a vise and apply the heat, stripping off 
the copper foil with a long-nose pliers. It takes only 
a few minutes to strip both sides when using a torch. 
Use of a fly cutter (circle cutter) to cut two identi-
cally-sized donut washers out of the epoxy board. The 
outside diameter should be 1/4-inch (6.4 mm) wider 
than the epoxied core, and the inside window or center 
hole 1/4-inch (6.4 mm) smaller. 

Using some of the remaining coil dope, coat one 
side of each of the donuts you've prepared and place 
one on each side of the powdered iron core. Let it set. 
Now when you place the wire winding on the core, the 
wire will clear the core by 1/16 inch (1.6 mm) or 1/8 
inch (3.2 mm) and there'll be plenty of insulation on 
the sides of the core. The Q-doped glass tape and end 
plates are the instruments that prevents RF from arc-
ing to the core. If you prepare the core as directed, 
this will be no problem 

If you're using a deep chassis the coil can be held 
in place by the wire leads and mounted directly to the 
switch, wheel fashion. My chassis was not deep 
enough, since it was subdivided with the input of the 
RF amplifier on one side and the output on the other. 
I prepared two more pieces of G-10 epoxy as large 
washers, cutting a small hole in the center of each so 
that the core could later be mounted from a long stud 
secured to the chassis. One recommended step you 
can take is not absolutely necessary, but does make 
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a neater package. The core does not include a 10-
meter winding. As is conventional, this coil is almost 
always separate and is made up of about three or four 
turns of 1/4-inch (6.4 mm) copper tubing 2 to 2-3/4 
inches (5 to 7 cm) in diameter. I mention it at this point 
because you may already have such a coil and the to-
roid core should be wound in the same direction as 
the turns of 10-meter coil, in order to prevent possi-
ble problems later. Take the core and determine the 
direction of winding, applying a sample of small wire 
to determine how the wire will lie in the core. With 
a Swiss file, file notches for the winding, making them 
about 3/64 inch (1.58 mm) deep. If you have 20 turns, 
there will be 40 notches on the inside window circum-
ference and another 40 on the outside diameter of the 
G-10 epoxy donut sides. 

Some pointers on winding the core: don't put the 
core between the jaws of a vise; it may break. Apply 
a test turn of wire to the core, observe the point at 
which a full turn is completed, remove and measure 
the test turn, multiply that figure by 20 and add 1 foot 

(30.48 cm). This is the length of wire you'll use to wind 
the core. Place one end of the wire in a vise, go to 
the far end and get a good grip on the end with large 
pliers, stretch the wire taut and tug sharply to remove 
any kinks. (I didn't have anyone to help me at this 
point, but I suggest you get someone to hold the core 
while you wind it.) Put the end of the wire through 
until the core is close up to the vise. (Ask your helper 
to hold it.) In placing the notches around the core for 
the wire, wind till no gap remains. Leave a space be-
tween the beginning and end of the winding equal to 
at least the space of 1 or 2 turns of wire. This also 
provides a starting point for the winding. If you start 
on the notches for the second turn you can get the 
last turn on at the beginning from the end of the wire 
that was held in the vise. Start threading the wire. The 
person holding the core can assist in holding the wire 
in place. When finished, tie the ends together tempor-
arily so they will not unravel or become loose. Some 
coil dope can be used to secure the wire in the 
notches. 

determining the tap positions 
A s the wire is spaced from the core, it's easy to 

scrape the enamel from the wire. Use the A L formula 
to determine the tap placement. I'll take you through 
the first tap determination — that of 80 meters. Refer-
ring to the inductance data for L1, 80 meters = 9.72 
/iH. 

100 / 9 J 2 = 100V0.0 2 7 = 16.43 so the tap is 6.5 
V 3600 

turns from the 160 meter end or 16.5 turns from the 
load end. It can be placed at 16 turns. Calculate the 
location of each tap for the remaining bands. 

If you wish — and it might be a wise thing to do 
— prove you have made all the correct calculations. 
How? You'll need a grid dipper for this part. Most of 
this can be done prior to winding the coil in its fin-
ished form. You can wind a more manageable wire 
size of No. 14 or 16 to test for the correct value of 
inductance. 

At the beginning of this article we determined that 
407 pF was needed for C I and C2. With 22 turns of 
No. 14 or 16 wire on the core, make the last turn loose 
so that you can couple a grid dipper to it. Using 
capacitors from your junkbox, make up a capacitor of 
approximately 350 pF (300 and 50 pF are standard 
values of dog bone dipped micas). Connect the capaci-
tor across the two ends of the winding — making sure 
the coil is not placed on a metal bench — couple it 
to the last turn, and dip the meter. If the dip is broad, 
de-couple by backing the dipper away until you get 
a sharp dip. Read the dipper frequency. If the scale 
has poor resolution, couple it to a counter or a 
receiver. 

34 M August 1985 



Many dippers only go down to 2 MHz. Wrap the 
leads of a 10 or 20 pF capacitor around the pins of 
the dipper coil. This will extend the range of the dip-
per, but the readout will be null and void so listen for 
the dipper oscillator on your receiver reading the re-
ceiver dial or digital readout. If this is not possible, 
compute the resultant capacitance for 80 meters and 
just place the equivalent capacitance across the 14 
turns, dip the meter, and read the dial. Then place a 
one-turn link through the coil and tie the ends of the 
one turn together. Couple the dipper to this one turn. 
It will get you close to the frequency. It won't be as 
accurate as coupling to a loosely wound turn of the 
coil itself because a shorted turn loads the coil 
somewhat. 

tricks of the trade 
Looking at the capacitor values of C1 and C2 for 

160 and 80 meters makes one gasp. I used a four-gang 
capacitor from a surplus Hewlett Packard audio oscil-
lator in my 800 watt output amplifier for C2. This has 
a total capacity of 2100 pF. I used two positions on 
the bandswitch for 160 and switched in 2000 pF on 
the lower frequency and 1000 on the higher end. The 
fixed capacitors used were the Hi-Q CRL-850 series 
5000 volt DC. 

For the plate capacitor C1, I also switch in parallel 
capacitors. Let's take a second look at the C1 values 
for 160, 80, and 40 meters 481,246, and 123 pF respec-
tively. We'd like to keep the physical size of the ampli-
fier down, so let's say that a realistic practical maxi-
mum value is 250 pF. If one is to use vacuum variables, 
350 becomes practical but for an air dielectric variable 
250 pF seems high enough. 

combining capacitors 
How can we get by with using 250 pF when we need 

481 pF for 160 meters and 246 for 80? How would one 
cover the band? We may need two positions on the 
bandswitch if we plan to tune the whole 160 meter 
band, but let's see what it takes. For an accurate fre-
quency plot it would be nice to have a reactance slide 
rule, but we can come close enough by interpolating 
between 3.5 MHz and 1.8 MHz in figs. 1 and 2. We 
know the 160-meter inductance is 18.4 and the 
resultant capacitance (Cj) of C1 and C2 is 410 pF for 
the low frequency end (1.8 MHz). What capacitance is 
required for 2.0 MHz? We find that it will take 340 pF. 
This is a change in the resultant capacity (Cr) of 70 pF 
over the band. If Cy = 340 pF, what will be the 
capacity remaining in the plate tuning capacitor C1 ? 
Let's go back to the plot in fig. 2 for C2 at 2250 ohms 
load impedance. Extending a line through this impe-
dance point, we find that 2400 pF will be required at 
2.0 MHz — the high end of the band. Let's now look at 
the chart for C1; it looks like 400 pF. Let's see when 
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fig. 4. Final pi-network design works on all bands in-
cluding W A R C frequencies. 

evaluating for the series capacitance how close we 

come to the required 340 pF. ^QQ * = 342.9 pF. 

That's close enough. 
This indicates that C1 must be variable from a high 

of 481 pF for 1.8 MHz to a low value of 411 pF for 2.0 
MHz. From this, if we switch in 250 pF fixed capacity 
across our 250 pF C1 selected variable, there will result 
a 500 pF total maximum capacitance which is 19 pF 
more than needed. For the high frequency end, if we 
tune out, say, 70 pF of the 250, there will be 430 re-
maining in the circuit. We still have a 180 pF of vari-
able capacity remaining. It looks as if we can do the 
entire 160-meter band with just one band position by 
switching in 250 pF of CRL-850 series capacitance. 

Let's now look at 80 meters and evaluate it the same 
way. 246 pF is required for C I and 1368 pF is necessary 
for C2. We have plenty of C2 with 2100 pF of variable, 
but we may need more C1 — about 50 pF more. First 
let's see the minimum we need to cover 4.0 MHz. The 
capacitance chart at 2250 ohms, although poor in reso-
lution, looks like 230 or possibly 240 pF. Let's say we 
switch in 50 pF of the CRL-850 series capacitance. This 
will provide a variable capacitance of 300-250 + 25 
(about 25 pF for minimum capacitance in the capacitor 
and circuit capacity). This equates to a minimum avail-
able capacitance of 75 pF and a maximum of 300. We 
need only 246, so we have an excess of 54 pF; we need 
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9 MHz CRYSTAL FILTERS 
M O D E L 

Appli-
cation 

Band-
width Polos Price 

XF-9A S S B 2.4 kHz 5 $53.15 
XF-9B 5 S B 2.4 kHz 8 72.05 
XF - 9B01 L S B 2.4 kHz 8 95 90 
XF9B - 02 U S B 2.4 kHz 8 95.90 
XF-9B-10 S S B 2.4 kHz to 125.65 
XF-9C A M 3 75 kHz 8 77.40 
XF-9D A M 5.0 kHz 8 77.40 
XF-9E F M 12.0 kHz 8 77.40 
XF-9M C W 500 Hz 4 54.10 
XF-9NB C W 500 Hz 8 95.90 
XF-9P C W 260 Hz 8 131.20 
XF910 IF noise 15 kHz 2 17.15 

10.7 MHz CRYSTAL FILTERS 
XF107-A N B F M 12 kH2 B S67 30 
XF107-B N B F M 15 kHz 8 67 30 
XF107-C W B F M 30 kHz 8 67,30 
XF107-0 W B F M 38 kHz 8 67,30 
XF107-E Pix/Dala 40 kHz 8 67.30 
XM107-SO4 FM 14 kHz 4 30.15 
ExpoM Inquiries Invited. Shipping S3 75 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your existing H F or 2M rig on other V H F or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz 
1296 MHz GaAsFET 
432/435 
439-ATV 
220 MHz 
144 MHz 

MMM691-137 
MMM296-144G 
MMc432-28<S) 
MMc439-Ch X 
MMC220-28 
MMC144-28 

S249.95 
149.95 
74.95 
89 95 
74.95 
59 95 

Options'. Low N F (2.0 dB max.. 1.25 dB max.). oilier bands S I F ' s available 

LINEAR TRANSVERTERS 
1296MHZ 1 8 W oulpul. 2M in MMI1296-144-G $299.95 
432/435 lOWoutput. tOMln MMI432-28IS) 269 95 
144 MHZ lOWoutput. l O M I n MMl 144-28 179 95 
Other bands 8. I F s available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output UP12S6-20-L 439 95 
432/435 100 W oulpul MML432-100 369 95 

50 W oulpul MML432-50 199 95 
30 W oulpul MML432 -30LS 209 95 

144 MHz 200 W oulpul MML144-200-S 374 95 
100 W oulpul M M l 144-100 I S 239 95 
50 W oulpul M M H 4 4 - 5 0 S 149 95 
30 W oulpul MML144-30LS 109 95 

All models include VOX T/R switching. 
" L " models 1 or 3W drive, olhers 10W drive 

Shipping: F O B Concord. M a s s 

ANTENNAS 
420-450 M H z M U L T I B E A M S 
28 Element 70/MBM28 12 dBd 
48 Elomonl 70/MBM48 15 7 dBd 
88 Elomonl 70/MBMBB 18.5 dBd 
144-148 MHz J-SLOTS 
10 < 10 Iwisl 10XY/2M 11.3 dBd 

U H F L O O P V A G I S 
1250 1350 M H z 2 9 l o o p s 1 2 9 6 L Y 2 0 d B l 
1650-1750 MHz 29 loops 1691 LY 20 dBi 
Order Loop-Yagi connector extra: 

"STO-9S- $39 95 
- T i Z S i 59 95 

-t«5-5<>- 89 95 

$49 95 
59 95 

Type N 514.95, S M A S 5 85 

Send 44t (2 stamps) lor lull details of all your VHF I UHF 
equipment and KVG crystal product requirements. 

m 
(617)263-2145 

SPECTRUM 
TERNATIONAL, INC. 
Post Office Box 1084 
>rd, MA 01742, U.S.A. 

a minimum of 230 or 240, and we have 175 — so we're 
well in on 80 meters by switching in 50 pF. All the other 
bands are OK without additional capacitance. This 
should be enough data to enable you to draw up a 
switching circuit — see fig. 4. 

bandswitch connections 

The bandswitch should be of ceramic or porcelain 
material, of high quality and capable of handling the 
RF power. The switch will need two decks to accom-
modate the additional C1 capacitance required to be 
switched in and out. The number of positions will de-
pend on the number of bands. 

Some final thoughts: keep in mind that if the load 
impedance of the vacuum tube or tubes selected cal-
culates out to be 1500 ohms or less, the required LI 
is somewhat less, so C1 and C2 become larger. This 
means there will be more capacitance to switch in. 
With such high values of fixed capacitance there may 
not be enough variable capacitance left to cover the 
160-meter band. If this is the case, two positions will 
have to be provided on the bandswitch in order to 
cover both the low and high frequency segments of 
the band. 

Note that only seven positions are shown on the 
switch in fig. 2 and the bands for 18 or 24.5 MHz are 
omitted. Also note that to provide enough Q on the 
10-meter band, a separate coil will be required the 
same as in any and all amplifiers on the market. This 
usually requires about three or four turns of 2 to 2-1/2 
inch (5 to 7 cm) diameter 1/4-inch (6.4 mm) copper 
tubing. 

The last item is the plate blocking capacitor. This 
0.002 /tF capacitor is an important item and must 
handle high current, is high Q like the CRL-850 series 
capacitors and also is high voltage about 10,000 volts 
in amplifiers of 2 kW. This value capacitor has a 
45-ohm reactance on 160 meters. The 0.004 /iF 
capacitors reactance value is 25 ohms on 160 meters. 
The 858 capacitors are rated at 5000 volts and require 
two 1000 pF units in parallel. The 2000 pF capacitors 
are only rated at 1.5 kV. The 5000-volt 858 is just 
marginal at 2500 volts and should you be running ap-
proximately 1 ampere of plate current you'll have to 
series-parallel eight of these just to produce 0.002 at 
10 kV. 

There you have it. Should you need further 
assistance, drop me a line (enclose an SASE) . 
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VHF/UHF WORLD ^ ^ 
medium power 
amplifiers 
In one of my earlier columns I 
described VHF/UHF exciters, with the 
emphasis on transverters.1 These trans-
verters are primarily designed for 2 
meters and 135 and 70 cm, but only 
at lower power — typically 0.5 to 1 
watt output. In last January's and 
February's columns, I discussed high-
power amplifiers, with the goal of at-
taining the legal power limit.23 

But many VHFers need intermediate 
power level amplifiers, typically at 10 
to 100 watts, for use as either a final 
stage or to drive a high-power ampli-
fier. With this in mind, I've decided to 
dedicate this column to that subject. 

amplifier types and classes 
There are two major types of medi-

um-power amplifiers: vacuum tube 
and solid-state. Each has its advan-
tages and disadvantages. Generally 
speaking, tube amplifiers have higher 
gain, are more linear, are larger in size, 
and require at least two or more 
voltages. Solid-state amplifiers, on the 
other hand, are generally more com-
pact and more physically rugged than 
tube-type amplifiers and usually re-
quire only a single voltage power 
supply. 

Both types can usually be run in 
class C, which is all that's required for 
CW and FM opeation. However, now-
adays most Amateurs prefer a linear 
amplifier, since it works equally well on 
CW and SSB at the flip of the mode 
switch and is less likely to cause key 
clicks when operating on CW.1'2 

Medium-power vacuum tube am-
plifiers. Vacuum tube amplifiers have 
been around for a long time. They're 
usually quite reliable and rugged. Mis-

matches and mistuning — all too famil-
iar to users of solid-state amplifiers — 
seldom cause catastrophic failures. 

However, this type of amplifier can 
be bulky. It generally requires several 
voltages such as filament, plate, and 
possibly control and screen grid as 
well. And while it's not usually a 
problem, a warmup period of 1 /2 to 5 
minutes is usually necessary. There-
fore, they're not particularly popular 
— especially for portable or mobile 
operation! 

Regardless of their shortcomings, 
vacuum tube amplifiers are still quite 
plentiful and are often available at low 
prices. If you already have one any-
way, why throw out or sell a perfectly 
good amplifier that's still functioning 
properly? 

Many single-tube 2C39 amplifiers — 
often from the old Motorola T44 units 
— are still in operation on 70 cm. They 
make fine output amplifiers for low-
power operation and serve well as 
drives from typical legal-limit ampli-
fiers. There are also many single tube 
4X150/4CX250B types of amplifiers 
still in use. They also make excel-
lent moderate power amplifiers. Many 
modern high-power amplifiers use 
grounded grid circuitry and often have 
only 10-13 dB of gain. Hence they may 
require 75 to 150 watts of drive to 
achieve the full legal Amateur power 
limit. This is a great application for 
such an amplifier. 

So don't dismiss the idea of using 
a vacuum tube amplifier as either a 
moderate output power amplifier or as 
a driver. (See references 2 and 3 for 
further information on the subject.) 

Medium-power solid-state ampli-
fiers. Solid-state amplifiers can be 
designed for either class C or linear 

operation. Both bipolar transistors and 
MOS power FETs are commonly used. 
There's no doubt that the compact 
solid-state amplifier has done wonders 
to increase VHF/UHF activity as well 
as reduce the size of the necessary 
equipment. 

Power bipolars are presently the 
most common type of device used in 
Amateur medium-power solid-state 
amplifiers. They've been available for 
over 15 years and are moderately 
priced. Most work well at 12 volts 
DC and are therefore convenient for 
mobile operation. But they're usually 
quite fragile, and their transistors may 
burn out if subjected to a high VSWR 
load. 

More recent power amplifier designs 
employ high-power MOS FETs, which 
became available about ten years ago. 
Manufactured by Siliconix, the first 
commercially available power FETs 
were called VMOS (Vertical Metal 
Oxide Semiconductors). Soon after, 
other manufacturers started making 
and improving on their performance, 
power, and reliability. 

The original M O S power devices, 
primarily designed as switches, are 
generally called enhancement FETs, 
since they have to be biased "ON" to 
operate — just the opposite of the way 
vacuum tubes work. Because they had 
a high input impedance, they were 
subject to burnout when not con-
nected in a circuit. Therefore, the 
manufacturers frequently placed a 
zener diode across the gate, thus 
reducing the frequency response and 
limiting use to HF and down. 

Siliconix introduced the VMP-1 and 
VMP-4 devices in RF packages with-
out the input protection zener diode. 
I've been using the same VMP-4 in a 
10-watt 135-cm linear amplifier since 

August 1965 O f l 39 



1976! First it was my output stage and 
later my high-power amplifier driver. 

Power MOSFETs are not as likely to 
be destroyed even if their output 
VSWR is high. When heated, many of 
these devices will just shut down 
rather than "self-destruct!" Power 
FETs generally have higher input/out-
put impedances than bipolar power 
transistors, making them easier to im-
pedance match (more on this later). 
However, the linear power MOSFET 
devices generally require higher opera-
ting voltage — 28 volts or more. For 
this reason, they're not as likely to be 
used in mobile or Amateur applica-
tions, where 12 volts is usually the only 
supply voltage available. 

Power MOS devices stand an excel-
lent chance of overtaking bipolar de-
vices in many applications in the 
future. Although there may be some 
interest in the use of power MOS 

devices for Amateur applications, I'll 
limit this discussion to bipolar tran-
sistors because they're by far the most 
widely used solid-state devices in 
medium power amplifiers. 

Before we can design and build a 
medium power amplifier, we must first 
<now some of the basic properties of 
the bipolar transistor devices to be 
used. The most important parameters 
are the DC voltages, the power dissi-
pation, recommended operating fre-
quencies, RF input/output impedances 
and recommended circuitry for bipolar 
power devices. 

The typical bipolar power transistor 
consists of many individual transistor 
junctions in parallel (fig. 1A). This 
configuration is chosen to increase 
current handling and distribute the 
heat within each junction. In the larger 
devices, there may even be multiple 
identical "cells" which are paralleled in 

the semiconductor itself to further in-
crease the power and current handling 
(fig. 1B). 

Resistance Rg (fig. 1C) is typically 
5-30 ohms and is determined by the 
design requirements, manufacturing 
process, and material. The value 
chosen is very important, since the 
lower the resistance, the higher the 
gain of the transistor. This is frequently 
referred to as the ballasting resistor. 

However, if heat increases in the 
junction, the typical bipolar transistor 
starts to draw more current and there-
fore heats up. If there's any potential 
difference between the junctions of 
the different transistors in parallel, the 
emitter current (and hence the collec-
tor current) may divide unevenly — 
and in an instant, there can be a chain 
reaction. 

First one junction starts to "hog" 
current. It heats up until it's destroyed. 
Then the current is diverted to the re-
maining transistors, which may in turn 
be destroyed. The higher the resis-
tance of Rg, the better the chances of 
equal current distribution (especially 
when heated) and the less possibility of 
(thermal) runaway destruction. There-
fore the designer must carefully choose 
the optimum emitter resistance for the 
application and trade off gain versus 
power distribution and stability. Gener-
ally speaking, linear devices have 
higher Rg, while class C devices have 
lower RE. 

Power dissipation is a very serious 
consideration in the design of a power 
bipolar transistor. The junction area is 
quite small and the only way to cool 
it is with a good heat conducting 
package that is well heatsinked. This 
is in great contrast to power tubes 
where a large area is used and the 
power dissipation can usually be raised 
by increasing the air or water flow 
through the tube's plate radiator. Fur-
thermore, the typical power bipolar 
transistor operates at a lower collector 
efficiency than its vacuum tube coun-
terpart. While class C operation effi-
ciency may approach 50 to 60 percent, 
typical linear service is usually between 
33 and 50 percent. 

DC voltages are most important. 
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However power bipolar manufacturers 
have made it easier for the user by 
optimizing the breakdown voltage and 
other parameters to suit the market. 
For example, there are power tran-
sistors for the 12 to 15, 24 to 30, and 
50-volt markets. These markets are for 
the land mobile, aircraft/commerical 
and the pulse industries, respectively. 

Current limits, also specified by the 
manufacturers, increase more or less 
in direct proportion to the power of the 
device and its application. In contrast 
to power tubes, the typical power bi-
polar transistor can be easily destroyed 
if the collector current rating is ex-
ceeded, even for an instant. Therefore, 
a current limited power supply is highly 
recommended. Fuses just may not op-
erate fast enough to prevent burnout. 

Most transistors are very frequency 
sensitive. For instance, the typical 
maximum gain of a bipolar power tran-
sistor usually decreases 6 dB every 
time the frequency is doubled. This 
means that if the transistor is operated 
at lower frequencies, it will have very 
high gain — typically enough to go in-
to oscillation or "self destruct!" 

Manufacturers work around this 
problem by designing each type of 
transistor to have a typical gain of 6 to 
12 dB at the recommended operating 
frequency, much lower than that of a 
typical power tube! Operation below 
the recommended frequency range is 
strongly discouraged. 

However, this is typically not a prob-
lem for Amateurs since most of us use 
a different power amplifier on each 
band. Also, power bipolar transistors 
are readily available for the Amateur 
2-meter, 135 and 70-cm bands since 
they are also available for the commer-
cial VHF, military and UHF bands, 
respectively. 

RF input/output impedance. Unlike 
tubes, the input and output impe-
dances of bipolar power transistors are 
extremely low and often have a signifi-
cant reactive component. Input impe-
ances of 1 to 10 ohms are quite com-
mon and the higher the power level, 
the lower the impedances will be. Typi-
cal input impedances are usually speci-
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fig. 2. Typical bipolar power packages. 
(A) T05/T039; (0) TO-3; (C) s t u d - m o u n t e d ; 

(0) high power; (£) high power, usually 
with internal matching. 

fied by the manufacturers either at 
midband or over the specified fre-
quency band as plotted on a Smith 
chart. The output impedance of a 
power bipolar transistor is usually 
specified differently than the input 
impedance since it is a function of the 
internal device parameters, the oper-
ating power level, and the class of 
operation. Furthermore, the output or 
collector of a power bipolar transistor 
is usually not operated in a matched 
condition (often called "conjugate 
matched"). If the output were match-
ed, this would mean that at least 50 
percent of the power would have to be 
dissipated in the circuit, output effi-
ciency and power would be lowered, 
and the device would have to dissipate 

more power. (This will be discussed 
shortly.) 

Therefore, bipolar power transistors 
are often specified when operating into 
a conjugate of the optimum load impe-
dance at a given frequency and power 
level. To simplify matters, most manu-
facturers usually show a typical or rec-
ommended circuit with the optimum 
components. 

transistor configurations 

Bipolar power transistors are usually 
operated in either a grounded emitter 
or grounded base configuration. Most 
modern devices operating below 500 
MHz are specified for grounded emit-
ter circuitry. Gain is usually slightly 
lower than in grounded base operation 
and the input impedance is higher, 
making it easier to match impedance. 
Grounded emitter configurations are 
also easier to bias and stabilize for 
linear operation. 

Grounded base operation is still pop-
ular, especially above 500 MHz and 
where class C operation is used. 
Devices operating in grounded base 
circuits typically have higher gain 
(typically 1 to 3 dB), especially at the 
maximum frequency of operation. 
Another advantage is that the gain of 
a device increases only a moderate 
amount (10 to 15 dB) and flattens out 
as frequency decreases. Hence this cir-
cuit is less likely to oscillate at a lower 
frequency. 

packages 

Choosing the package for a high 
power bipolar transistor is almost as 
important to the device designer as 
designing the chip itself. At the higher 
power levels, heat dissipation is a com-
plex problem. Because the area of the 
chip itself is usually quite small, manu-
facturers have selected packages with 
extremely low thermal resistance. 

The typical three or four-lead TO-5 
and TO-39 cans (fig. 2A) cannot 
dissipate heat efficiently. TO-3 pack-
ages (fig. 2B) are generally not suita-
ble at VHF/UHF frequencies because 
of package parasitics. 

Many power packages have been 
designed to handle power dissipation 
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fig. 3. Hybrid power amplifier module. Unit shown is a Motorola MHW-710-1 for 400 
to 450 MHz operation. Other suppliers and units may use slightly different pin layout. 

while keeping the leads short. Further-
more, these packages usually have 
very wide leads to keep internal lead 
inductance at a minimum. At the lower 
power levels, 1 to 10 watts, stud-
mounted packages are sometimes 
used (fig. 2C). However, at higher 
power levels, larger flat packages — 
generally with two mounting holes — 
are more common (figs. 2D and 2E). 
In all cases, the manufacturer uses a 
package commensurate with the 
power level of the device and specifies 
the thermal resistance and/or the type 
and size of heat sink required. 

To further lower the internal para-
sitic load inductance, the common 
lead (either the base or emitter) is often 
attached to opposing leads on the 
package. Thus the package can be 
grounded on both sides. Not only does 
this improve gain but it often improves 
circuit stability. 

Caution: Many UHF power transis-
tors use a special low thermal resis-
tance ceramic package containing be-
ryllium oxide. If the package is 
crushed, ground, or abraded, the dust 
resulting from such action may be haz-
ardous if inhaled. Therefore, never try 
to work with packages that may con-
tain this material. To dispose of 

damaged or unwanted packages, en-
close in an appropriate container for 
burial in an approved landfill, well away 
from ground water supplies. 

linear versus class C 
operation 

The first bipolar transistors were 
almost always operated in class C. To 
a great extent, this is still true today 
on FM. Class C design is rather 
straightforward and, as mentioned 
earlier, many devices are available with 
good gains. 

However, most of the early devices 
available were not suitable for linear 
operation since they were highly non-
linear and tended to self-destruct if 
even a small biasing current was ap-
plied. Therefore, manufacturers typi-
cally redesigned their devices by add-
ing higher ballasting resistors in the 
emitters, as discussed above. Careful 
attention to frequency response, sta-
bility, and gain lead to a whole new 
category of devices suitable for linear 
operation. 

Nowadays most Amateurs use linear 
power amplifiers since they can be 
placed on CW, FM, or SSB. Ample in-
formation is available on class C opera-
tion, both in the literature and from 

manufacturers' data sheets. In addi-
tion, most suppliers have application 
notes available in their data manuals. 

Before we leave class C operation, 
there is one type of commercially avail-
able unit that's particularly well suited 
for certain applications. Often referred 
to as the "brick" or "hybrid power 
amplifier module," this device is typi-
cally available at the 5 to 25 watt out-
put power level for various frequency 
ranges from 144 to 940 MHz. They 
usually have high gain (2 or 3 internal 
stages) and therefore require only 0.1 
to 1 watt of drive. Typically they are 
usable over 5 to 25 MHz of bandwidth 
(depending on operating frequency) 
with 30 to 50 percent overall efficiency. 

Furthermore, these modules typi-
cally require a single 12 to 14 volt 
power supply and a few bypass capac-
itors. I particularly like them for driv-
ing frequency multipliers, which are 
more reliable if driven from a stable 
power source. Quite often I see these 
modules listed in surplus advertise-
ments. Amperex, Motorola, RCA, 
NEC, and TRW are some of the major 
suppliers. 

A typical 70-cm hybrid amplifier is 
shown in fig. 3. A good heat sink is 
required because efficiencies are low 
(30 to 40 percent). The 3 dB pad 
improves input match. However, hy-
brid modules are not suitable for linear 
service, and all the attempts to linerize 
them that I've heard of have been 
unsuccessful. 

linear operation 
Modern bipolar power transistors 

are still not capable of class A opera-
tion above a few watts because their 
power dissipation is too high for the 
packages and device geometries avail-
able. Most Amateurs prefer 12-volt 
power transistors because they're 
more compatible with the power sup-
plies available (especially in mobile 
operation), moderately priced, and 
fairly rugged. However, if good linear-
ity is required, the 24 to 28 volt devices 
are usually superior, even though they 
are less rugged and cost more. 

When good linearity is required at 
power levels exceeding 5 watts, class 
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B biasing is preferred. Since linear 
devices are so sensitive to heat, special 
biasing techniques that "track" the 
heat within the transistor junction and 
readjust the bias voltage accordingly 
are required. Furthermore, these bias-
ing techniques must be able to supply 
high base or emitter current on de-
mand and from a low impedance DC 
bias source. 

The first biasing circuits developed 
for bipolar linears consisted of a for-
ward biased diode connected to 
ground and strapped to the package 
or heat sink as shown in fig. 4A. The 
series resistor to the power supply was 
adjusted until the proper collector cur-
rent, usually designated as Icq, was 
attained. The power transistor idling 
current is typically 20 to 100 mA and 
is dependent on the device type and 
power level. It's usually not critical and 
often specified by the device manufac-
turer. Increasing the idling current 
rarely improves IMD, except on higher 
order products. 

The idling current drawn by this 
biasing circuitry can be considerable, 
with 250 to 500 mA a typical value. In 
addition, this circuit is somewhat sen-
sitive to power supply variations. Many 
designers, therefore, use 3-terminal 
voltage regulators in the supply circuit 
to keep the voltage constant (fig. 4B). 
The resistor is still used, but it dissi-
pates less power (depending on the 
regulator voltage). A lower value resis-
tor can be used with one of the newer 
low voltage adjustable regulators. 

In 1973, Communications Transistor 
Corporation (CTC) introduced the 
"byistor," a self-contained regulator 
that incorporated temperature tracking 
(fig. 4C).4 This device is actually a 
diode similar to the base emitter junc-
tion of a power transistor in series with 
a silicon resistor. The final DC source 
impedance is less than 1.0 ohm. 
Mounted in a studded package similar 
to medium power bipolar transistors, 
it can be attached to the heat sink, 
close to the transistor being regulated, 
for very close temperature tracking. 

The byistor, like the diode biasing 
scheme, typically requires 300 to 350 
mA of idle current. Some applications 

require low power drain. Therefore, in 
1976 CTC introduced an alternative 
device, the Z0-28.5 This device is actu-
ally a power bipolar transistor with two 
internal diodes (see fig. 4D). The 
diodes track the bias regulator and the 
transistor being regulated. The regula-
tor transistor acts like a source fol-
lower. Hence this device has very low 
output impedance and draws high cur-
rent only on demand. 

To set up the ZO-28, a single low-
power resistor is placed externally 
across the device as shown in fig. 4D. 
This resistor value is adjusted to set the 
power amplifier idling current. Some 
Amateurs have reported satisfactory 
operation by duplicating this device 
and circuit using discrete diodes 
(1N4001 types) and a power transistor. 
Close attention must be paid to ade-
quate coupling to the heat sink to 
assure temperature tracking. 

Other bias circuits have been used. 
When choosing a bias regulator, 
remember the following guidelines: the 
bias regulator circuit must track the 
temperature of the transistor being 
regulated and the output impedance of 
the bias source should be low, typically 
less than 1 ohm. 

impedance matching 
As mentioned earlier, the input and 

output impedances of bipolar power 
transistors are very low and often reac-
tive. The typical "L" and "Pi" net-
works often used with vacuum tubes 
do not lend themselves to these impe-
dances and devices, since losses may 
be significant. 

The most frequently used matching 
schemes for high-power bipolar tran-
sistors are called "T" networks. 6 7 8 

Several are shown in fig. 5. They are 
particularly adaptable if the input and 
output impedances of the amplifier 
itself are 50 ohms, the most common 
case. Each network has its advantages 
and disadvantages. Usually only one 
of the elements has to be varied. How-
ever, I prefer the schemes with two 
variable capacitors because they seem 
to be the easiest to tune and optimize 
properly, especially in narrow band 
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fig. 4. Typical linear biasing schemes. (yJ) 
single diode; (B) single diode with 3-
terminal regulator U1 (see text); IC) 
Byistor. BY-1 (see text); (D) ZO-28 (see 
text). R1 and R2 are power resistors. Q1 
is the power amplifier. Q2 is a BY-1 
byistor and Q3 is a ZO-28. See text for 
other component value selections. Note 
1: The biasing device must be thermally 
attached to the power device being 
controlled. 
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fig. 5. Typical impedance matching net-
works. (A). (S), and (C) are "T " net-
works. Value selection is discussed in 
text. (0) illustrates conversion from 
series to parallel equivalent circuit on 
transistor input as explained in text. 

applications, and have a built-in DC 
block. 

There is one rather sophisticated 
trick that is used extensively, especially 
in the wider bandwidth amplifiers. If 
the transistor series input impedance 
has an inductive reactance component 
(noted by a + j component such as the 
popular CM10-12A with an input impe-
dance of 1.5 +j3.5 ohms), it can be 
mathematically converted from a 
series to an equivalent parallel net-
work. Then an appropriate parallel 
capacitance can be placed at the input 
of the devices to tune out the induc-
tive reactance as shown in fig. 5D. 
The transformed input impedance is 
higher and resistive. This makes the 
impedance matching network easier to 
design and with a smaller transforma-

tion ratio. Such techniques have been 
described elsewhere.8 

This matching technique is also 
used extensively by the commercial 
suppliers of UHF transistors. First they 
adjust the series inductive reactance by 
adjusting the lengths of the bonding 
wires used to attach to the chip. Then 
they place the appropriate shunt 
capacitors internally in the package. 
The net result is more efficiency and 
greater bandwidth, as well as in-
creased convenience for the circuit 
designer. 

The output network is a function of 
the output power and the device. First 
the load impedance must be calculated 
using eq. 1: 

R1 = 2Po (1) 

where R1 is the desired output impe-
dance, Vcc is the voltage across the 
transistor (usually the supply voltage 
less the saturation voltage of the tran-
sistor) and Po is the output power in 
watts. For example, with a 13-volt sup-
ply, a 1-volt saturation voltage (typical 
for most transistors), and a desired 
output power of 10 watts, R1 is 
approximately 7.2 ohms. This impe-
dance is then converted in conjunction 
with the internal device impedance to 
the desired amplifier output impedance 
(usually 50 ohms). 

Remember that the input network 
chosen is primarily matching the 
source (usually 50 ohms) to the power 
transistor. The output network is 
designed to yield the optimum load 
impedance required for maximum out-
put power (as described earlier) with 
the required circuit loaded Q. If the 
proper component values and circuit 
Q are chosen, losses will be quite low 
and harmonics kept to acceptable 
levels. 

Describing all the network require-
ments and design procedures is 
beyond the scope of this month's col-
umn. For those interested in the sub-
ject, I particularly recommend refer-
ences 6 through 8. Many other papers 
have also been published. Most semi-
conductor manufacturers can offer 
applicable application notes. 

Sometimes two power transistors 
are used, particularly when high power 
is required. These devices can be fed 
in parallel using a splitter network (fig. 
6A) or with hybrid couplers (figs. 6B 
or 6C). 

Push-pull circuitry is often used at 
lower frequencies because it tends to 
cancel the second harmonics. Many 
modern transistors are now offered in 
matched pairs in a common package, 
making this technique very practical. 
Ninety-degree hybrids are also popu-
lar, since if one side of the amplifier 
fails, the output power drops to only 
about one-half. Another advantage of 
the 90-degree hybrid is that the ampli-
fier input impedance match is quite 
good, since any mismatch is diverted 
to the external loads, R1 or R2. 

recommended circuitry 
The scope and size of this column 

do not permit me to describe a cook-
book of circuits. Many suitable VHF/ 
UHF power amplifier designs have 
been described both in Amateur and 
Commercial publications and on sup-
pliers' data sheets. However, I will pro-
vide a universal circuit that can be used 
on the 2 meter, 135 or 70-cm bands 
(see fig. 7). 

Note, in that circuit, that the input 
and output networks are similar to 
those just described. The diode bias 
network described earlier is also shown 
because it's very inexpensive; but the 
Byistor or ZO-28 devices (or their equiv-
alents) are highly recommended as a 
replacement because they will defi-
nitely be more stable and reliable. The 
variable capacitor and inductor values 
are only target values and can be 
varied slightly to obtain the desired 
performance. 

Since bipolar power transistors have 
much more gain below the operating 
frequency, they are often prone to self-
oscillate at a lower frequency. This can 
usually be completely eliminated by 
the use of both low value and high 
value bypass capacitors as well as the 
network shown as L4 and R3. The low 
value capacitors should have short 
leads and be self-resonant well above 
the operating frequency. R1 is not 
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fig. 6. Various schemes for high power 
with combining networks. W) in phase 
technique. N1 and N2 are reactive split-
ters; (fl) H1 and H2 are 0 or 180-degree 
hybrid transformers. t O H3 and H4 are 
90-degree hybrid transformers. R1/R2 
are 50-ohm loads. Resistor power rating 
depends on input or output power levels. 

always required, but often helps main-
tain stability in more stubborn cases. 
Since the input impedance of the 
power transistor is low, the value is not 
too critical. 

component selection 
The choice of components is very 

important. All capacitors should have 
short iow-inductance leads and be able 
to handle the RF current often present 
when operating at these impedance 
and power levels. At VHF and low 
UHF, mica trimmers such as the Arco/ 
Elmenco or equivalent are good for 
tuning elements. The Unelco type of 
sandwich micas are suggested for the 
collector RF choke bypass as well as 
in the fixed value input and output 

CRI IN400I diodn strapped to 
heal sinkjtransislor 

L5 4 / .iH 2S iwns No IB ori 
T-SO-2 loroid 

01 See lext 
RT 50 oftms. 1 walls carbon (see t e n ) 
R2 20 ohms. 5 wens win wound 
R3 20 ohms. 5 wens win wound {see tost} 
R4 15 ohms, 2 watts 

fig. 7. A typical power bipolar amplifier schematic with recommended starting values. 
See text for further explanation. 

part of fig. 7 

value 2 meters 135 cm 70 cm units 

C1 8-60 3-35 3-35 pF 
C2 3-35 3-35 2-20 pF 
C3 150 (Unelco) 100 (Unelco) 33 (Unelco) pF 
C4 150 (Unelco) 100 (Unelco) 22 (Unelco) pF 
C5 not used 100 (Unelco) 33 (Unelco) pF 
C6 not used 50 (Unelco) 33 (Unelco) pF 
C7 8-60 8-60 3-35 pF 
C8 3-35 3-35 3-35 pF 
L1 2 turns. No. 18, 2 turns, No. 18, 1.1" x 3/16" 

0.25" ID, 0.25" long 0.25" ID, 0.25" long copper strap 
L2 2 turns. No. 14, 1 turn. No. 16, 1.2" x 3/16" 

5/16" ID, 0 25" long 0.25" ID, copper strap 
L3 0.33 RFC 0.33 RFC 0.1 RFC microhenry 
L4 4 turns. No. 18, 3 turns. No. 18, 2 turns, No. 18, 

0.25" ID, 0.5" long 0.25" ID, 0.38" long 0.3" ID, 0.3" long 

matching networks. These capacitors 
are easy to find at flea markets and are 
often available from surplus vendors. 

At UHF and above, ATC (American 
Technical Ceramics) or equivalent por-
celain chip capacitors are recom-
mended. They have low loss, low in-
ductance (if properly installed) and can 
handle high RF current without 
overheating. 

Inductors should be large enough to 
keep the unloaded Q high.9 The wire 

should also be large diameter, especi-
ally on the collector circuit, where, 
depending on power level, there can 
be high RF as well as DC amperes of 
current flowing. 

You're probably wondering why I 
didn't mention microstrip or stripline 
inductors. These are fine if you're 
copying a working design, producing 
many copies of the same amplifier, or 
are proficient with the use of a Smith 
chart. However, for the typical one-
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shot design that is unproven, the dis-
crete inductor is hard to beat. If you 
err in the value, just add a turn to or 
drop a turn from the coil and you're 
back in business. It isn't easy to cut 
up, extend, or decrease the length of 
a microstrip line on a printed circuit 
board if the tuning is incorrect! 

In selecting transistors, choose 
those that will deliver sufficient power 
at the frequency of interest at the 
supply voltage available. As stated ear-
lier, the 12-volt units are usually pre-
ferred for availability and price, but 
28-volt units with better linearity would 
be a better choice, especially if you 
want to stay friendly with your neigh-
borhood Amateurs. Consult manufac-
turers' data sheets. Don't be tempted 
to use a transistor at a lower frequency 
than recommended — it may self-
destruct! 

There are many power transistor 
manufacturers such as Acrian, 

Amperex, Motorola, RCA, Solid State 
Scientific, and TRW, to name a few. 
Order from the many suppliers who 
offer these devices in small quantities, 
manufacturers generally have a "mini-
mum order" requirement that can 
make the per-unit price prohibitive. 
Many companies sell kits of parts, 
some even with a PC board. These are 
highly recommended for the Amateur 
who doesn't have a large junk box! 

construction techniques 
When building power transistor 

amplifiers, I prefer to build the circuits 
directly on or above a double-clad PC 
board type of material similar to the 
construction technique mentioned in 
reference 1. The choice of PCB mater-
ial is not important because it's used 
only for ease of construction and to 
keep low impedance grounds. 

For best performance, especially on 
UHF, the edges of the PCB should be 

wrapped with a thin copper or brass 
foil which can then be soldered to both 
the top and bottom of the board. This 
insures a good low-impedance ground. 
Next, drill a hole in the PCB sufficiently 
large to pass the power transistor 
package. Likewise, place a similar 
metal foil around this hole and solder 
it to the top and bottom of the PCB 
as shown in fig. 8. This will help keep 
the emitter (or base, if appropriate) at 
a low impedance to ground. Gain will 
not be reduced and the circuit will be 
more stable. 

Then attach the PCB material to an 
adequately sized heat sink with an 
appropriate number of sheet metal or 
machine screws. The input/output 
connectors can be attached by right 
angle brackets at the ends of the 
board. Where appropriate, small 
squares or islands can be cut with a 
small sharp knife on the PCB as shown 
in fig. 8. Variable capacitors and other 
components can be tack soldered 
between these islands and grounded 
for mechanical circuit stability. 

mismatches 
Most modern power transistors are 

quite rugged, especially if they're emit-
ter-ballasted. However, the voltages 
can soar if the amplifier looks into a 
high VSWR such as an open circuit. 
Therefore, always bring drive power 
up slowly and test for VSWR before 
running full power. If the VSWR is 
greater than 2:1, fix the problem 
before using your amplifier! 

filtering 
The harmonic content of a transistor 

power amplifier is usually quite high. 
This is why it's important to select the 
proper circuit operating Q and low-loss 
components as just discussed. Fortu-
nately the amount of harmonic output 
acceptable (usually 40 dB minimum) is 
easy to obtain. Also your antenna sys-
tem will often add some margin. If a 
transistor power amplifier drives a 
vacuum tube amplifier, the output har-
monics will usually be lower due to the 
extra filtering usually present in tube 
amplifiers. However, if harmonics are 
unacceptable (as evidenced by TVI, 
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etc.), an output low-pass filter may be 
required.8 

heatsinking tips 
Several times in this month's col-

umn I've stressed heat dissipation as 
an extremely important parameter 
when using bipolar power transistors. 
The thermal resistance or conductiv-
ity to the heat sink must be low if long 
life and reliable operation are to be 
achieved. All power transistors should 
be directly attached to a heat sink 
without an intermediate surface. That 
is why I recommend the construction 
techniques above. 

Thermal resistance can be kept low 
by applying a suitable heat sink com-
pound to the transistor base where it 
mates with the heat sink. Use Dow 
Corning 340® or an equivalent com-
pound. Mica washers or other objects 
should be avoided if at all possible. 

The size and type of the heat sink 
is also important. Heat sinks with 
plenty of radiating fins are highly 
recommended. It's almost impossible 
to provide too much heat sink, but 
remember that the heat must travel 
away from the device, so the location 
of the attachment point is most impor-
tant. Often the sink must be milled 
slightly to provide room for the nuts on 
stud packages. Don't remove any 
more fin area than necessary. (For 
those interested in choosing the cor-
rect heat sink, I strongly recommend 
that you refer to recent ham radio 
articles on thermal design.1011) 

tuneup and test 
At last we get to the bottom line — 

the final tuneup and operation. A 
recommended test setup is shown in 
fig. 9. 

If the amplifier is operated in linear 
mode, first set up the Icq or collector 
operating current, as previously dis-
cussed. A100 or 250 milliampere meter 
is usually sufficient. Temporarily break 
the collector line, making sure that the 
biasing circuitry is ahead of the meter. 
A variable supply is recommended for 
this step. Increase the supply voltage 
slowly while monitoring ICQ. If the 
recommended current is obtained 

fig. 10. Typical RF power meter scale. For 
illustrative purposes, point A is the full 
power (key down) position. Point B is 
the maximum point at which the in-
dicator should be when operating S S B 
for the same power output condition. 

before the final operating voltage is 
reached, decrease the bias circuit cur-
rent accordingly. Repeat this test and 
adjustments until the proper current is 
reached at the nominal operating vol-
tage. If the transistor is stable and the 
heat sink adequate, the collector cur-
rent should remain fairly stable. 

Next, short out the meter or put a 
high current type in its place. Apply a 
small amount of drive and quickly tune 
the output network for maximum out-
put power. If none is forthcoming, 
tune the input network until the device 
starts to run power and adjust the out-
put for maximum. Keep increasing in-

put power while readjusting both the 
input and output tuning for maximum 
output power. 

When the final desired or expected 
power is obtained, check the amplifier 
input V S W R . If it isn't 1.5:1 or better, 
adjust the input matching network 
accordingly. If you can measure collec-
tor current at maximum output power, 
calculate the amplifier's efficiency by 
dividing the indicated output power by 
the collector power (collector current 
times collector voltage). It should be 
at least 35 to 60 percent, depending on 
frequency and devices. If it is not, 
readjust the output tuning slightly to 
increase efficiency. 

The final test is to see whether the 
amplifier output power is fairly linear. 
This can best be done by noting the 
amplifier gain (indicated power output 
divided by input power) at several 
power levels. At full power, the gain 
should be only slightly lower, perhaps 
0.5 to 1 dB (80 to 90 percent), below 
that at lower power levels. 

power meter syndrome 
Let me broach one other subject 

before closing: I call it the "Power 
Meter Syndrome." Joe Ham tunes up 
to full power and sees 100 watts indi-
cated on his wattmeter. Then he 
switches to S S B and proceeeds to 
watch the meter jump around. He's 
tempted to talk the power up to the 
same maximum tuneup level on the 
power meter, thinking that doing so 
will make him easier to copy at the 
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other end. Doing this causes splatter 
galore! 

Why? Well, most power meters 
have some meter damping. What this 
means is that the indicator is slow to 
respond. Hence, on a voice peak, the 
meter will typically indicate only 25 to 
30 percent of the peak power. I've 
illustrated this in fig. 10. Also, the 
maximum output point is probably at 
compression and therefore the IMD is 
poor at best. So, if you want to stay 
friendly with your local competition, 
keep your level down so that you're 
running only about 25 to 35 percent of 
the maximum possible output power 
as indicated by voice peaks. 

conclusion 
The intent of this article was to 

familiarize you with the bipolar power 
transistor and its use, rather than to 
provide a cookbook design approach. 
For some this will be sufficient. For 
others it will not be enough. However, 
with the material presented and the 

references provided, you should be 
able to forge ahead in the direction you 
choose. 

Note: In several previous columns 
I've mentioned a home computer pro-
gram called "RF -CAD. " It's a very 
useful tool for designing filters and 
antennas and for matching, etc. This 
program is now available for use on the 
IBM PC or compatible machines. For 
further details and a list of capabilities, 
write Gary Field, WA1GRC, 5 Pluff 
Avenue, North Reading, Massachu-
setts 01864 (enclose SASE) . 
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upcoming VHF/UHF events: 

Augusl 3 4: ARRL UHF Contest 
August 12: Predicted peak of Perseids 

meteor shower 10130 UTCi 
Augusl 20: EMF perigee 
September 7-8: International Region I VHF 

Contest 
September 14-15: ARRL VHF QSO Party 
September 16: EME perigee 
September 20-22: First annua/ 1206/2304 MHz 

Conference, Estes Park, Col-
orado (Contact W0PW1. 
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Individual 
cathode bias 
does the trick 

stop blowing finals 
in the GLA-1000 amplifier 

The Dentron GLA-1000 linear amplifier, introduced 
in 1978, has since become popular with HF operators 
on both sides of the Atlantic. Measuring only 11 x 
5-3/4 x 11 inches (27 x 13.7 x 27 cm), this com-
pact amplifier runs up to 1200 watts PEP input when 
driven by any of the popular 100-watt SSB trans-
ceivers. The amplifier uses four tubes in parallel 
operated in grounded grid configuration with 1200 
volts on the anodes. 

Though the tubes are capable of supplying the rated 
output with ease, problems were encountered often 
in daily use. The techniques used for solving the pro-
blem are applicable to all amplifiers with similar bias 
arrangements. 

tubes destroyed with high SWR 
My GLA-1000 linear amplifier operated well for the 

first three months until operation was attempted on 
15 meters into a 3:1 SWR. The AC fuse blew and ex-
amination revealed that all the tubes were ruined. A 
replacement matched set of tubes was acquired from 
Dentron and installed, but suffered a similar fate when 
an accidental mismatch occurred. 

In despair, I contacted Dentron for advice. They rec-

ommended updating the GLA-1000 into the latest 
GLA-1000B using a tuned circuit kit, a new grid bias 
zener diode, and add-on resistors for the anode para-
sitic chokes. 

The original amplifier section of the unit is shown 
in skeleton form in fig. 1, which clearly depicts the 
bias arrangement. 

tuned input kit 
The modification kit replaces the fixed filter at the 

input with a PC board containing five pretuned pi cir-
cuits. These reduce the input SWR and improve the 
power transfer from the transceiver while filtering un-
wanted harmonics. 

The zener diode in the modification kit is a 24-volt 
1N3321 that replaces the original 9.1 volt 1N3308. This 
increases the negative grid bias, which reduces the no-
signal anode current to 150 mA and reduces both the 
overall dissipation and the peak currents under drive 
conditions. 

By A. J. Nailer, G4CFY, 12 Weatherbury Way, 
Dorchester, Dorset, England DT1 2EF, and G. J. 
Morgan, G3ROG, 1 Saint John's Mead, Saint 
John's Street, Winchester, Hampshire, England 
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fig. 2. Dentron modification. 

The four 100-ohm resistors added to the anode par-
asitic chokes are included to reduce their Q, which 
may prevent possible VHF instability. 

A simplified diagram of the modified circuit is shown 
in fig. 2. 

After modification, the third set of PA tubes lasted 
twelve months until an open circuit antenna feeder 
caused their demise together with the new zener 
diode. The circuit arrangement is far too critical of any 
mismatch, and instead of providing a fail-safe condi-
tion, it always destroys the costliest circuit 
components. 

reason for sensitivity 

Examination of the modified circuit reveals that the 
pi input circuit would not help power sharing between 
the tubes but would make the input look close to 50 
ohms on all bands. While this is obviously an advan-

tage to owners of all solid-state transceivers, it is of 
little help to operators of transceivers with tube power 
amplifier PAs that include their own pi output net-
works. 

The zener diode replacement, obviously intended 
to control performance, does not accommodate un-
matched sets of tubes. This is especially true if one 
tube is very different from the others. Under such cir-
cumstances the bad tube either shuts down by going 
gassy or shorts. In the shut-down case the remaining 
tubes would overdissipate and successively fail, just 
like dominos falling down. This is what appears to have 
happened the first two times. The third catastrophe 
would indicate a short circuit tube that blew the zener 
and left the remaining tube with no negative grid bias. 

The bias is developed by drawing the cathode cur-
rent of all four tubes from the single zener diode. This 
places the cathodes positive with respect to the 
grounded grids by the value of the zener voltage. 
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With the replacement of the Motorola zener diode 
likely to be expensive, drastic modifications to provide 
a separate bias supply were considered. 

To control tube conditions both dynamically and 
quiescently, bias has to be supplied to each tube's 
cathode. This, together with the zener bias, would en-
sure equal power sharing. The idea was taken from 
the common practice used with parallel transistor 
stages, in which balancing resistors are used in the 
base or emitter circuit to overcome differences in 
base/emitter voltages and to ensure equal power shar-
ing. Figures 3 and 4 show typical transistor power-
sharing circuits. 

Automatic bias is provided simply by adding a resis-
tor in the cathode so that cathode current produces 
grid bias. The value of resistor has to be chosen with 

care so that it does not drop too many volts on cur-
rent peaks and cause flat topping. Nevertheless, it has 
to be large enough to cause about 1 volt change of 
bias for a 50 percent change of cathode current. With 
a combined current of 150 mA, each tube should be 
drawing 37.5 mA, about right for most class AB1 tube 
finals. A 50 percent change would be 18.75 mA, so 
for 1 volt the automatic bias resistor R x would be 

IV 
R* = 18.75 mA = 5333 ohms' 

{a 56 ohm resistor was chosen). 

However, since the signal is also applied to the 
cathodes in this configuration, the 56-ohm resistors 
in series would cause appreciable loss of drive and also 
mismatch the newly installed pi input circuit. To over-
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come this, each resistor could be bypassed to RF by 
a low reactance capacitor. A value was chosen by try-
ing standard values in the formula Xc = ^jq 

where it was found that 0.01 /tF was 4.55 ohms at 3.5 
MHz and 0.57 ohm at 28 MHz. 

The new circuit configuration is shown in fig. 5. 

construction details 
The tube sockets in the GLA-1000 are mounted on 

a PC board. A scale drawing of this is shown in fig. 
6. The 0.01/(F bypass capacitors, C*, are attached to 
the resistors as shown and wired across the breaks 
marked on the tracks connecting pins 3 of the tubes. 

A suitable alternative to the 1N3321 zener is the 
BZY93 24-volt type. Available at low cost, it has a stud 
anode instead of cathode. It can be fitted into the hole 
used by the old diode but must use an insulating kit 
and solder tag to pick up the positive stud. Use a 
grounding strap on its wire end. 

performance 
It was well over a year since the modification was 

done. Since that time, the unit has undergone intense 
activity and repetitive abuse. The absence of TVI com-
plaints suggests that the modification has not de-
graded signal purity in any way. The peak output 
power is easily achieved and appears stable under con-
tinued full power operation. 

The current sharing technique prevents the "domino 
effect" breakdown under fault conditions. This was 
convincingly demonstrated when a severe mismatch 
caused the AC fuse to blow — but nothing else was 
damagedl 

The amplifier was designed to use selected and 
matched tubes designated D50 by Dentron. Neverthe-
less the third and fourth sets were standard type 6LQ6 
manufactured in the USA. Tube types 6LQ6, 6JE6, 
or 6MJ6 may be used, although idling currents may 
differ sufficiently to require adjustment of the bias 
zener voltage to give between 35 and 40 mA quies-
cent current. The 6LQ6 tube and the 6MJ6 type, which 
are capable of higher power at lower frequencies but 
unsuitable for 10-meter use, are both readily available. 
Although Japanese tube substitutions were found to 
be unstable in this design, both before and after 
modification, they appear to provide higher gain. The 
American types are the lowest cost and have shown 
no signs of instability. (Higher power types 6MJ6 have 
not been tried at any time.) 

This modification has been so successful that I've 
shelved my half-built homebrew 813 linear. Un-
doubtedly the principles involved can be extended to 
other linears of similar design and should result in 
greatly extended tube life. 

ham radio 
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a pulsed, constant current, 
NiCad battery charger 

Longer life, 
shorter charge time 

— plus automatic 
shutoff 

"Zapping" NiCad batteries with a burst of high cur-
rent is an old trick often used to revive seemingly dead 
cells. Word has it that some RC model airplane en-
thusiasts extended this idea to the actual charging of 
batteries, with favorable results; their batteries lasted 
twice as long and charged more quickly than those 
who used conventional charging methods. The idea 
was to charge with a train of pulses instead of a steady 
current. Apparently, less energy was lost to heat dur-
ing the charging process, resulting in shorter charg-
ing times and increased battery life. 

This charger was designed with these goals in mind. 
Over the two years it's been in use, charging times 
have been shortened by one-third and new life has 
been given to a battery pack about to be thrown away. 

principle of operation 
The key to pulse charging is to keep the average 

value of the charging current the same as it would be 
in conventional schemes, but use a low duty cycle 
waveform. The plot shown in fig. 1 is the current 
waveform used in this charger. For 10 percent of each 
cycle, current equal to I MAX charges the battery. For 
the remaining 90 percent of the cycle, no current 
flows. This produces a rectangular waveform with a 
10 percent duty cycle. 

The DC, or average value of this waveform is 10 per-
cent of the pulse amplitude, or 

IDC = 0.11MAX (1) 

As long as normal charging precautions are ob-
served and the DC charge rate is within the capability 
of the battery, pulse charging will in no way harm the 

battery. A pulse width of about 100 microseconds (^s) 
is appropriate for this application, which, because of 
the 10 percent duty cycle, yields a pulse rate of 1 kHz. 

circuit description 
The block diagram in fig. 2 outlines the basic design 

of the charger. The schematic is shown in fig. 3. The 
charger — designed to handle from one to ten NiCad 
cells, with an adjustable chargfe rate of 50 to 450 mA 
— consists of the following sections: 

Constant-current source. The charging current is 
supplied by a constant-current source that can be 
pulsed at peak currents of up to 5.0 amperes. A 
constant-current source can be made from a three-
terminal voltage regulator and a resistor, as shown in 
fig. 4. In this circuit the current, I p c ' s simply the 
output voltage of the regulator, V0, divided by R3, or 

/ c R3 (2) 

Unfortunately, this method does not easily lend itself 
to high frequency switching. 

A better approach is shown in fig. 5A, in which the 
regulator is replaced with a zener diode and pass tran-
sistor. Here, the current is equal to the zener voltage, 
V7 (less the base-emitter voltage drop of Q1) divided 
by R3, or 

(Vz - 0.6j 
>c - 7 R3 "I 

The current can be instantly switched off by grounding 
the base of Q1. This circuit worked well except at high 
currents. 

To improve its operation at high currents, I added 
a second transistor as shown in fig. 5B.1 This circuit 
worked very well. It could supply a constant current 
into either a Short circuit or 10 cells in series and still 
hold the current to within 1 percent of its setting. 

As shown in fig. 3, the current is adjusted by R3. 
R4 is inserted in series with R3 to limit the current if 
R3 is set to zero. 

By Alan Lefkow, K2MWU, 17 Jacobs Road, 
Thiells, New York 10984 
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fig. 1. The charging current has a rectangular waveform 
with a 10 percent duty cycle. Repetition rate is approxi-
mately 1 kHz. 

fig. 2. Block diagram of the pulse charger. 

Power supply. For the constant current circuit to 
work properly while charging up to 10 cells in series, 
the power supply must provide at least 30 VDC. The 
unregulated power supply shown in f ig. 3 satisfies that 
requirement if T1's taps are wired for 22.3 VAC, as 
shown. A separate zener regulated section provides 
15 VDC for the control circuitry of the charger. 

Pulse generator. The pulse waveform is generated 
by U1. Actually, U1 produces a 90 percent duty cycle 
waveform instead of 10 percent in order to accommo-
date the inverting action of Q3. Q3 turns the current 
source off when the output of U1 is high, and on when 
it is low. That converts U1's 90 percent duty cycle to 
a 10 percent duty cycle charging current. 

Automat ic shutof f . Different schemes abound for 
controlling the charging time, each with their ad-
vantages and disadvantages. In the scheme chosen 
for this charger, charging stops when the battery 

reaches a set voltage. However, the battery voltage 
is not monitored in an ordinary manner. 

Because of a battery's internal resistance, the 
voltage at its terminals during charging is less than its 
open circuit voltage, and will vary with the charge rate. 
As soon as a load is put across the battery, the voltage 
will drop further. In this charger, battery voltage is 
monitored only during that part of each cycle in which 
the charge current is off. Furthermore, a small load, 
R5, is kept across the battery to give a truer indica-
tion of the state of charge when the battery is 
monitored. The load is automatically switched out of 
the circuit during automatic shutdown. 

Automatic shutoff is accomplished by monitoring 
the battery voltage with comparator U3. R15 and R16 
divide down that voltage and U3 compares it with the 
voltage provided by reference diode CR8. When the 
voltage at the comparator rises above the reference 
voltage, Q5 turns on, shorts out C5, and stops U1 from 
oscillating. That forces the output of U1 high, which 
holds the constant-current source off. 

R13 and R17 add hysteresis to the action of the 
comparator. With the values given, the battery voltage 
must drop about 30 percent before charging will 
switch on again after automatic shutoff. The amount 
of hysteresis can be changed by raising or lowering 
the value of R17. 

In order for U3 to monitor the battery voltage only 
during the off portion of a charge cycle, CMOS switch 
U2 passes the voltage on to the comparator in sync 
with U1. In this way, when U1 stops oscillating, the 
comparator will still see the battery's voltage because 
U2 is kept closed by U1 in the automatic shutoff state. 

Current metering. The torque on the pointer in a 
standard D'Arsonval meter movement is directly pro-
portional to the true DC value of any current passing 
through it. As a result, the DC milliamp meter M l in 
f ig. 3 correctly indicates the true charge rate delivered 
to the battery. Load resistor R5 is wired in the circuit 
so that the load current delivered to R5 by the battery 
during the off period of a cycle is taken into considera-
tion by M1. The value of R5 was chosen to add a load 
of about 25 mA when charging an 11-volt battery 
pack. 

construction 
Perfboard was used for mounting most of the com-

ponents. The board was connected to the rest of the 
circuit by an edge connector to make it removable dur-
ing the design phase of the project, but any convenient 
construction method can be used because parts layout 
is not critical. A Radio Shack cabinet (former catalog 
No. 270-269, f ig. 6) housed the circuit. M1 is specified 
as 0-500 mA, in the parts list; a 0-100 fiA movement 
was used in the original model by adding a current 
shunt. 
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Although pass transistor Q1 is heat-siriked to the 
case, it must be electrically insulated from it. During 
conduction, the current through Q1 can be as high 
as 5 amperes and the voltage across it about 15 volts. 
Instantaneous power is 5 x 15 = 75 watts, but the 
power which must be dissipated by Q1 is only ten per-
cent of that because of the duty cycle. Using the case 
as a heat sink works well for this low power level. 

The heat dissipated in R3 and R4 is proportional to 
the square of the RMS voltage across them, divided 
by their resistance. Because of the ten percent duty 
cycle, that RMS voltage is approximately one-third of 
the peak voltage across the resistors, as is the RMS 
current value through the resistors. With this in mind, 
the wattage ratings should be 10 watts for R4 and 5 
watts for R3. An old loudspeaker level control was 

used for R3, but any 70-100 ohm, 5-watt potentio-
meter will do. Since the charge current is inversely pro-
portional to R3, the higher current settings will bunch 
up at one end of the shaft rotation. A potentiometer 
with a non-linear taper can reduce that effect. 

Switch S2 disables the automatic shutoff feature. 
If desired, the entire shutoff feature can be left out 
by removing U2 through U4 and their related com-
ponents, as well as R5 and Q4. 

operating the charger 

NiCad batteries can be charged at a significantly 
higher rate than that provided by the average stock 
charger as long as the battery is not overcharged.2 

Once fully charged, the battery must dissipate any 
additional charging as heat. At the popular C/10 
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Parts fist figure 3. 
item description 

C1 1500 fiF, SO volt electrolytic 
C2 0.001 
C 3 100 |iF, 25 vol 1 electrolytic 
C4.C6 0.01 )iF 
C5 0.01 mylar, 10 percent 
C7 10 i>F tantalum 
CR1.CR2 
CR3.CR4 6 ampere, TOO volt rectifier bridge 
CHS 1N753 6.2 volt zener diode 
CR6 2 ampere, 50 volt rectifier diode 
CR7 1N4744, 15 volt zener diode 
CHS 1.2 reference diode 
MJ 0-500 mA DC ammeter 
Q1 TIP 120 (Radio Shack No. 276-2068) 
02 TIS97 
Q3 2N3904 
Q4 2N2222 
05 2N3704 
R1 2.2 kilohms, 1 wall 
H2 2.2 kilohms. 2 walls 
R3 70-100 ohms, 5 watt potentiometer (see text) 
R4 1.5 ohms, 10 walls 
R5 470 ohms, 2 walls 
RS 1.5 kilohms 
R7 680 ohm. 2 wails 
H8,H1T 10 kilohms 
H9 120 kilohms 
R10.R78 22 kilohms 
HI2 3.3 kilohms 
R13 2.2 megohms 
RI4 15 kilohms 
R15 5.6 kilohms 
R16 2 kilohms, 10-turn trim potentiometer 
HI 7 51 kilohms 
S1,S2 SPST toggle switch 
T1 Stancor RT-201 power transformer or equivalent 
l/I NE555 timer 
U2 CD4016 CMOS switch 
U3 LM339 comparator 
U4 National CMOS 74C04 

AH other capacitors are disc ceramic. Except as noted, all 
resistors are 1/4 watt. 

charge rate, where C is the ampere-hour capacity of 
the battery, NiCad cells can be overcharged con-
tinuously without risk of damage from overheating. 
This assures safety in case the battery is left on 
"charge" continuously. On the other hand, if the 
battery is charged at a higher charge rate, say C/3, 
and goes into overcharge, cell temperature will rise, 
with possible damage and loss of battery life. How-
ever, if care is taken to avoid overcharging, there is 
no inherent reason why a NiCad cell cannot be 
charged at the higher rate. The automatic shutoff will 
prevent just such overcharging from occurring after it 
is properly set. 

To set the automatic shutoff, first remove any diode 
in series with the HT's charging jack if the battery will 
remain inside the HT during charging. (If you don't 
do this, the automatic shutoff feature won't work.) 
Connect the discharged battery to the charger, turn 
the charger on, and turn off the automatic shutoff with 
S2. Set the charge rate to C/3, and add another 5 mA 
to compensate for changes in the load of R5 as the 
battery voltage rises. (For a 500 mA hour battery, that 
would be about 155 mA.) Monitor the battery voltage 
with a precision voltmeter, preferably a DVM — 
accuracy is not as important as precision. Check the 

f i g . 4. A 3 - termina l r e g u l a t o r f o r m s a c o n s t a n t c u r r e n t 

s o u r c e by holding the v o l t a g e a c r o s s and, hence, the cur-

rent t h r o u g h R 3 c o n s t a n t . 

f i g . 5. A c o n s t a n t c u r r e n t s o u r c e c a n b e c r e a t e d w i t h a 
z e n e r d iode, o n e or t w o t r a n s i s t o r s , a n d a c o u p l e of 
res istors . T h e current c a n eas i ly be s w i t c h e d of f to f o r m 
p u l s e s by g r o u n d i n g t h e b a s e of Q1 t h r o u g h a n o t h e r 
t rans i s tor . 

battery frequently as it charges. The battery voltage 
will rise rapidly initially and gradually thereafter. When 
the battery nears its fully charged state the voltage will 
again rise, but more importantly, the battery will start 
to become warm to the touch. This increase in tem-
perature indicates that the battery is now fully charged. 
Note the voltage when this occurs; it will probably be 
the equivalent of 1.45-1.50 volts per cell. Also make 
a note of how much charging time it took to arrive 
at this point, starting with a fully discharged battery. 

Now turn on the automatic feature, and adjust R16 
until the charge current turns off. Reduce the charge 
rate setting slightly and reset the automatic shutoff 
by cycling S2 on and off. Raise the charge current 
back up again and watch the voltmeter to make sure 
charging shuts off at the voltage just measured. If the 
shutoff point cannot be set exactly, err on the low side 
by setting it slightly below the desired voltage. 

If the automatic feature is not used, charging can 
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fig. 6. The charger fits nicety in a standard Radio Shack 

•cabinet. Parts layout is not critical and any convenient con-

struction method can be used. 

be controlled by time. An inexpensive mechanical 
timer can shut off the charger after the proper length 
of time, as just determined. Remove the "ON" arm 
of the timer to keep it from again turning on the 
charger 24 hours later. 

conclusion 

The pulse charger has been a considerable time-
saver: it takes only 3-1/2 hours to fully charge a 500-

mA hour battery pack at a 150 mA charge rate; a non-
pulsed charger at that same rate took 4-112 hours. This 
represents a time savings of over 30 percent, and in-
creased charging efficiency as well. As a test, the bat-
tery was discharged with a load resistor equivalent to 
a 100 mA load and timed to confirm that it was indeed 
fully charged by the pulse charger. 

The charger was also used to add life to an old, 
seemingly dead battery pack. The battery was consec-
utively discharged and charged about four times. From 
that point on, it lasted another three months. 

The pulsed charger should prove to be a worthwhile 
accessory for anyone who uses NiCad batteries 
extensively. 

acknowledgement 

Many thanks to Pat Spadafore, KA2MOV, for his in-
valuable experience and recommendations concerning 
pulsed charging techniques. 

references 
1. The Radio Amateur's Handbook, Arnarican Radio Relay League, 
Newington. Connecticut, 1983, page 4-31. 
2. Nickel-Cadmium Battery Handbook, 2nd Edition, Genera! Electric 
Company. 1975. 

ham radio 

TOUCH-TONE DECODER SALE! 
SSI-202P CMOS 

WE OVER PURCHASED 
Our over supply can be your gain. 

We've just got to try and get even so we are going to let our ham friends 
share in some of these great circuits, for a great price. 

FEATURES 
• Central office quality 
• Band-splitting filters included on chip 
» Single, low-tolerance, 5-voll supply 
• Detects either 12 or 16 standard DTMF digits 
« 18-pin DIP package 

• Output in either 4-bit hexadecimal code or binary 
coded 2 of 8. Use 74159 decoder lor 1 of 16 output 

• Uses inexpensive 3.579545-MHz color-burst crystal for 
reference (Radio Shack P/N 272-1310 S1.69) 

• Excellent speech immunity 

All you need is a color-burst XTAL from Radio Shack & 1 meg resistor to make a C O. Quality Touch Tone decoder. 
SS1-202 is a 5V part and unlike the older 201 is TTL compatible and will directly interface io personal computers. 

These won't last long and are limited to available supply, so HURRY!! 

18 INCLUDING SPECS. & SCHEMATICS 
In Wash, add 7.9% sales tax 

R.M. FULLER CO. 
902 Industry Dr., Seattle, WA 98188 

1 - 8 0 0 - 6 2 6 - 6 6 6 2 
In Wash. Call (206) 575-8640 

W W 

138 August 1985 ESS 71 



3CX1200A7 
10 to 80-meter amplifier 

New EIMAC tube 

provides 1500 watts out 

For several years, I have used the popular E IMAC 
3-1000Z as the main amplifier tube in my station. I 
enjoy the instant-on characteristics of the tube as well 
as the well-matched drive requirements for a 100-watt 
output exciter. Recently EIMAC introduced the 
3CX1200A7, the newest addition to its line of metal 
ceramic external anode triodes. The electrical charac-
teristics of the tube are identical to the 3-1000Z 
except for the increased plate dissipation (1200 watts) 
allowed by the external anode. 

I decided to modify my 3-1000Z RF deck to accom-
modate the new tube. The only change necessary was 
in the tube socket and chimney. (The 3CX1200A7 uses 
the EIMAC SK-410 or Johnson 248 socket commonly 
used for the 3-500Z tube. A matching glass chimney 
— EIMAC SK-436 — is also available). The modifica-
tion took less than eight hours. This article summarizes 
the results of the project. 

the amplifier circuit 

As indicated above, this amplifier is designed around 
the new3CX1200A7 (see f ig . 1), using a tuned input 
network ganged to the main bandswitch. The input 
circuit minimizes distortion products and helps provide 
a 52-ohm match to the exciter. Maximum SWR pre-
sented to the exciter is 1.2:1. Approximately 100 watts 

is required to drive the amplifier to 1500 watts output. 
An effective ALC circuit is also included to prevent 
overdrive by higher power exciters. 

Output impedance matching is accomplished with 
a pi-network designed for a Q of 12. Toroids are used 
for compactness for the 80-meter pi coil and the tuned 
input network coils. 

Also included is a grid trip circuit to disengage the 
amplifier should the grid current exceed 300 milli-
amperes. This circuit protects the tube in case of 
excessive drive or an improper load presented to the 
amplifier. 

The amplifier includes an effective dynamic bias cir-
cuit. Response time of the circuit is fast enough to cut 
the amplifier off between syllables on SSB and 
between dots and dashes on CW. A defeat switch is 
included on the rear panel of the amplifier. When 

engaged, the heat generated by the tube is substan-
tially reduced during amplifier operation as feeling the 
temperature of the air exiting the amplifier cabinet will 
confirm. 

A 100 VDC power supply is included to power the 
dynamic bias circuit, and a 26 VDC supply is included 
for panel lights and relay operation. An RF wattmeter 
is included for tuneup and measurement of amplifier 
efficiency. 

amplifier control circuitry 

The amplifier control circuitry is illustrated in f ig. 
2 . 120 VAC enters the RF deck from the power sup-
ply. Power is applied to the amplifier by depressing 
the front panel switch S1. S1A applies 120 VAC to 
the HV power supply, the time delay relay TD1, the 
filament transformer, the 100 VDC bias supply and the 
26 VDC supply. The blower receives power immedi-
ately through S1B. When the power is turned off with 
S1, the blower (B) keeps running for approximately 
three minutes to cool the 3CX1200A7. This delay is 
accomplished through the use of the time delay relay 
TD1. The control circuitry is quite simple because of 
the "instant on" characteristics of the 3CX1200A7 
tube. 

grid tr ip protection 

A grid trip module has been included in the amplifier 
design to protect against high levels of grid current 
which could be dangerous to the 3CX1200A7 tube. 
High levels of grid current could be caused by exces-
sive drive, improper tuning or lack of a 50-ohm load 
on the output of the amplifier. In this design, if the 
grid current exceeds 280 milliamperes, the circuit trips 
relay RL3 (see f ig. 3), which breaks the VOX amplifier 
line to deactivate the amplifier and lights the front 
panel "grid trip reset" push button (S4). It is necessary 
to push the reset button to put the amplifier back into 
operation. Of course, one should determine why the 
amplifier exceeded 280 mA before proceeding with 
amplifier operation. 

The circuit operates as follows: grid current is drawn 
through the 10-ohm resistor (R1) as shown in f ig . 1. 
The current flowing through the 10-ohm resistor 
develops a voltage that turns on transistor Q3 in the 
grid trip circuit when the current reaches 280 mA (or 
any other value if desired). 280 mA through a 10-ohm 

By Jerry Pittenger, K8RA, 2165 Sumac Loop 
South, Columbus, Ohio 43229 
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fig. 1. 3CX1200A7 RF deck schematic. 

3CX1200A7 amplifier provides full legal output on 10-80 
meters. 

resistor results in the development of 2.8 volts. Only 
0.6 volts is necessary to turn on Q3. Therefore, a 5-kil-
ohm trim pot (R3) has been included as a voltage 
divider for adjustment. 

When Q3 turns on, it serves as a switch providing 

a path to ground to actuate relay RL3. A set of the 
relay contacts physically grounds the relay coil of RL3, 
taking the current load off Q3. If this feature were not 
provided, the transistor would start gating the amplifier 
on and off. It is therefore essential to latch the grid 
trip relay closed. Another set of contacts on relay RL3 
breaks the VOX line, deactivating the amplifier. A third 
set of contacts applies power to the pilot light on the 
front panel "grid trip reset" pushbutton (S4) located 
on the front panel of the amplifier to make the operator 
aware of what happened. Pushing S4 breaks the palh 
to ground for relay RL3, deactivating the relay and put-
ting the amplifier back into a ready state. 

This circuit provides simple and effective protection 
from costly mistakes during amplifier operation. 

dynamic bias circuit 
The amplifier design includes a dynamic bias circuit 

to bias the 3CX1200A7 tube beyond cut off between 
speech syllables on SSB or between dots and dashes 
on CW. This is especially useful when operating in a 
full break-in mode when the amplifier is placed in ready 
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Parts list for 3CX1200A7 amplifier (figs. 1-7). 
Item description 

B blower — Dayton 1C1B0 
cabinet 10 x 17 x 14 inch, CTS model MCLS-101714, 

RPP-W14 side panels 
CP-1714 chassis panel 
(CTS tntraFab, 660 Lenlest Road., 
San Jose, California 65133) 

CI 300 pF/10 kV vacuum variable capacitor 
C2 1000 pF/3 kV vacuum variable capacitor 
C3 1-8 pF miniature air variable capacitor 
CR HEP 170 diode or equivalent 
CR1 9.1 volt, 1 watt zener diode (1N4739) 
CR2 75 volt, 1 watt zener diode (1N4761) 
CR3 too volt, t wal l zener diode (1N4764) 
CR8I.CR 03 400 volt/4 ampere diode block (RS 276-1173) 
CRB2 100 m>«/4 ampere diode block (RS 276-1171) 
CRB4.CRB5 diode strings, 10 HEP 170 diodes In series, each 

paralleled by a 470 kilohm resistor and a 0.01/1 kV 
disk capacitor 

L,C see table 2 
LI.L2.L3 see table 1 
LI RF wattmeter pickup coll, 20 turns No. 22 

enameled wire on T-50-2 territe torold core 
Ml l ampere plate meter. Triplett 320-G 
M2 100 iiA meler. Triplett 320-G 
01 MJ1000 NPN Darlington or equivalent 
02 2N3055 NPN power transistor 
03 2N3053 NPN transistor 
PC 2 turns, 1/2 silver strap, 1-inch diameter 3 x 

150-ohm 2-wall resistors 
RFC1 90 turns No. 20 enameled wire on 314-inch form 
RFC! 11 turns No. 14 enameled wire on 112-inch diameter 

air wound 
RFC 3 30 ampere bitilar filament choke, each coil is 76 

turns on 1/2-Inch territe rod 
RFC4.RFCS 10 turns No. 14 enameled wire on 1/4-lnch diameter 

ferrite rods 
RFC 9 1 mH/BOO mA RF choke 
RL1.RL3 4PDT Potter & Brumtield KHU17D11, 24VDC coil 
RL2 SPOT vacuum relay, 26VDC coll 
RL4 2PDT mercury plunger relay, Dayton 6X598-3 
RLS DPDT power relay, Potter A Brumtield PR-11-DY 
S1.S2 2PDT push-button switches: 

ALCO 16TLS-22 
ALCO 6T-4 yellow lens (SI) 
ALCO ST-2 green lens (S2) 

S4 momentary push-button switch, 1 pele/N.C. 
ALCO 16SL-11 switch 
ALCO 6S-2 red lens 

SCR 2NJ596 700 volt/1.6 ampere SCR 
T1 filament transformer. 7.5 volt/21 ampere 
T2 SO VAC (approx.) transformer, low current 
T3 24 VAC/1 ampere transformer (Stancor P8661) 
T4 1400 VAC-2 kVA power transformer 
TD1 time delay relay, Amperlte 11S-N-1S0 (3 minute) 
Z1.Z2 MOV transient protectors V130LA10A (RS 276-570) 
Note s: 
1. Only the major items have been indicated in this parts list. See indi' 
vidua1 schematics to determine complete component complement. 
2. The letier M indicated under the component value of capacitors 
Indicates silver mica. 

The 3CX1200A7 tube uses the same socket and chimney as 
the popular 3-500Z. 

state at all times. The circuit can save up to 500 watts 
of power dissipation in the idle state. 

Operation of the dynamic bias circuit is quite sim-
ple. RF is sampled through the 220 pF mica capacitor, 
C3. A voltage doubler is formed by the 1N914 diodes, 
providing a DC voltage to turn on the Darlington tran-
sistor Q1. Therefore, Q1 acts as a switch to return the 
bias voltage to the level determined by the zener diode 
CR1. The crowbar circuit formed by the SCR and 
zener diode CR2 is a protection circuit to prevent the 
amplifier from going into class C operation or the 
cathode voltage to rise toward the value of the plate 
voltage when enough drive power is applied should 
the Darlington transistor Q1 fail to conduct. A full 

theoretical treatment of this design is provided in 
reference 1. 

Switch S3 provides a defeat of the dynamic bias cir-
cuit to set the operating bias level or defeat the cir-
cuit should the circuit fail in an open state. The cir-
cuit can be omitted if desired by replacing the bias 
module with a wire connecting the emitter of 02 to 
the B-minus line (see fig. 8). 

meter circuits 

Metering is provided for plate current, grid current, 
high voltage and RF power output. Plate current is 
monitored at all limes. This meter is in series with the 
B-minug lead. All other metered parameters are select-
ed on a mulitmeter. The multimeter has a 100 mA 

August 1985 0 2 3 77 



- - I O O V O C 

fig. 2. 3CX1200A7 control circuit. 

Grid trip circuit (left sidel and 100-volt bias supply (right side). 

movement with proper calibration resistors for various 
scales. Any meter movement up to a 5 mA full scale 
is usable if an RF wattmeter is not desired. The watt-
meter requires a very sensitive meter for proper 
operation. 

Grid current is measured by monitoring the voltage 
across the 10-ohm resistor, R1, through which grid 
current is drawn. The 5-kilohm trim pot, R2, is used 
for proper calibration. R2 can be adjusted with a bat-
tery in series with a pot and current meter placed 

across R1 (see fig. 4) to vary and measure the amount 
of current drawn. R2 should be adjusted so that both 
meters read the same current. 

High voltage is measured by monitoring a low 
voltage value developed by a voltage divider in the 
power supply. The sampled value is approximately 5 
volts and coupled to the RF deck through the control 
cable. 

Power is measured using a toroid-sensing RF watt-
meter circuit. The wattmeter is shown in fig. 5. Three 
scales are provided: 200 watts forward, 2000 watts for-
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ward, and 200 watts reflected. Voltage lines from the 
wattmeter into the front meter compartment use 0.001 
feed-through capacitors to keep RF out. The watt-
meter is in the RF line at all times even if the amplifier 
is not turned on. 

Labeling the meters takes a lot of patience but really 
contributes to the appearance of the amplifier. It is 
necessary to choose a meter with an analog scale that 
has the correct number of divisions. However, the 
meter labeling makes no difference. In a very clean 
environment, remove the meter scale plate from the 
meter. Any markings on the meter can be removed 
with a pencil eraser. (Rub lightly but persistently.) The 
markings will come off the face plate, leaving a clean 
surface with an analog scale. The new number and 
letter markings can now be applied. I use dry transfer 

' lettering to mark the meter scales to the desired values. 
The dry transfers now available from Radio Shack may 
be too large for small meters; varied assortments of 
smaller letters are available from most art supply 
stores. 

RF relay sequencing 
It is important to properly sequence the input RF 

relay, RL1, and the high power vacuum relay, RL2, 
to insure that the antenna is always connected to the 
amplifier before RF drive power is applied. This is 
accomplished by closing the output relay, RL2, slightly 
before the input relay RL1. 

The timing circuit is shown in fig. 6. The 150-ohm 
resistor and the 100-/tF capacitor form a time constant 
that delays closing of the input relay, RL1. The timing 
can be checked by applying a small voltage across the 
contacts of both RL1 and RL2and watching the volt-
ages on the scope as the amplifier is keyed up. The 
output relay, RL2, should close approximately 25 milli-
seconds before the input relay, RL1. The timing is 
adjusted by increasing the value of the 100-/<F 
capacitor for longer delay or decreasing the value for 
shorter delay, The timing constants are totally depend-
ent upon the relays used for RL1 and RL2. Avoid long 
time delays since a 50-ohm load isn't presented to the 
exciter when RL1 is open. 

lead filtering 
All control and power leads entering or leaving the 

RF deck are filtered with a pi-section circuit. The coils 
are made by winding ten turns of No. 16 enamel wire 
on 1 /4 -inch diameter ferrite rods. Bypass capacitors 
are placed to ground at each end of the coil to form 
a pi-section. Locate each filter as close to the entry 
or exit point on the panel as possible. The line filters 
may not be necessary but provide insurance against 
RF running on leads outside the cabinet. 

tank circuit 

The tank circuit uses a pi-network design. The 
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fig. 5. RF w a t t m e t e r circuit for the 3CX1200A7. 

Dynamic bias module. 
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Bottom view of the amplifier illustrates the method used to 
isolate the RF circuitry from the control and power devices. 

design was originally constructed with the 3-1000Z 
several years ago when the pi-network was the con-
vention. Recent designs recommend a pi-L tank design 
because of a potential 15 dB improvement in attenua-
tion of the second harmonic. However, the pi-L net-
work needs a double pole band switch to select the 
inductance on both the pi-coil and the L-coil. Since 
a single pole switch was already in the amplifier and 
there was no evidence of TVI, the pi network was not 
retrofitted with a pi-L design. However, if this amplifier 
is built from "scratch," it is recommended that a pi-L 
design be used. 

The design parameters for the pi and pi-L circuits 
are provided in table 1. The value for the plate impe-
dance is 2500 ohms. 

Vacuum variable capacitors are used for both the 
tune (CD and load (C2) controls. Major advantages 
of vacuum capacitors include compactness, wide 
capacitance range with a low minimum capacitance 
necessary for 10 meters and tuning dial resettability. 
Equivalent air variables can be substituted. However, 
they are larger and their Q on 10 and 15 meters is 
lower. 

table 1. Tank circuit design parameters, 

pi network: 

F(MHz) C1 C2 L 
3.5 206 1174 9.95 
7.0 107 608 5.15 

14.0 54 307 2.60 
21.0 36 204 1.74 
28.0 27 153 1.30 

Q = 12 
R, = 2500 ohms 

coil: 4 turns, 1/4-inch tubing, 2-inch diameter 
13 turns. 1/4-inch tubing, 3-1/4 inch diameter 
taps: 28.0- 3 turns on 2-inch coil 

21.0- 1 turn on 3-1/4-inch coil 
14.0- 4 turns on 3-1/4-inch coil 
7.0-11 turns on 3-1/4-inch coil 

3.5 MHz toroid tank coil 
3 x T200-2 cores taped 
together with fiberglass tape 
25 turns No. 12 enameled wire 

pi-L network: 
F(MHz) C1 C2 L1 12 

3.5 244 1132 10.99 4.45 
7.0 113 503 6.03 2.24 

14.0 55 245 3.08 1.24 
21.0 37 164 2.05 0.83 
28.0 26 112 1.48 0.60 

Q = 12 
R l = 2500 ohms 

input network 
An input network is included to minimize distortion 

products and help insure that a' 50-ohm load is 
presented to the exciter. The input network is a pi 
design with a Q = 1. Table 2 summarizes the com-
ponent values for each pi-section. The capacitors have 
been selected as standard values. The coils are wound 
on T50-2 toroid cores. The cores are large enough for 
the 100 watts drive power without overheating. 
However, if room permits, use T68-2 or even T75-2 
cores to provide an extra safety margin. 

The input network is built as a separate module (see 
input network pictorial) and ganged to the main band-

table 2. Input network design parameters 

band CllpF) L(/iHI C2(pF) No. turns (T50-2) 

80 860 2.15 860 23t/No. 20 
40 440 1.11 440 17t/No. 20 
20 220 0.56 220 12t/No. 18 
15 150 0.38 150 9t/No. 14 
10 110 0.28 110 8t/No. 14 
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fig. 7. HV power supply. 

Input network is built as a separate module. 

switch using a small chain sprocket available from 
reference 2. The unit was fully tested prior to installa-
tion into the amplifier. 

cooling 
Proper cooling is essential for long tube life. The 

3CX1200A7 tube socket is mounted approximately 1 /2 
inch below the chassis. The under chassis is pressur-
ized by a Dayton 1C180 blower mounted on the rear 
panel. The air flow is ducted by the tube chimney up 

around the base of the tube, through the external 
anode, and out the top of the amplifier. Refer to the 
3CX1200A7 technical data sheet for more information 
on the cooling at different altitudes.3 

HV power supply requirements 
A good solid HV power supply is required to get the 

most out of any amplifier. This amplifier uses a 4000 

Top view of amplifier illustrates small size of 3CX1200A7. 
Compare it to the vacuum variables in the lower section of 
the photo. 
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nam 
tebook 

a $100 printer for 
the Commodore 64 

The interface and program for con-
verting an ASR-33 teletype machine to 
an inexpensive printer for the VIC-20 
("VIC-20 Printer," ham notebook, 
September, 1984, page 88) can be 
adapted for use with the Commodore 
64. 

Figure 1A of the original article 
remains unchanged; in fig. 1B, only 
the labeling of the user's port is 
changed. Figure 2 is replaced with a 
program listing that provides instruc-
tions to the Commodore 64. 

Like its VIC-20 predecessor, the 
ASR-33 printer for the Commodore 64 
produces typewriter-quality text appro-
priate for most data listing applica-
tions. Because ASR-33's can be found 
for as little as $50 to $75 — and 
because other parts and materials can 
be found in junk boxes or very cheaply 
— the total cost of this project should 
not exceed $100. 

J.W. Dates, W2QLI 

PERF. 

BOARD 

3/8" 

(9.5 mm) NO 4-40 SCREW, 2 t/Z' 
(63.5mm) WITH NUT 

fig. 1A. Interface circuit uses multi-
pin edge connector to match C-64 
requirements. 

COMMODORE 64 USER'S PORT 

9 PIN TERMINAL STRIP 
AT REAR Of CALL BOX 

ON ASR RIGHT HAND 
S!0£ UNDER COVER 

12-24 Ia mala connector ICG Elactronici 
part Mo 41-904) 
7401 IC with 14 pin tockel (Radio Shack) 
150 ohm. 1/2 watt mil ton 
1 kilohm. 1/2 watt taslstort 
220 ohm. 1/2 watt 'atlitor* 
0 33 uf capacitor 
1N4001 dloda 
2H2222 trantlttor 
plata ol parloratad boartl 2 * 2-i/Z inchat 
0.100 x 0.100 hoi* tpaelng 
4-40 * 2• 1/2 Inch tcrawt with nut* 

fig. 1B. Interface circuit that ties a C-64 to an ASR-33. 

18 REM flSR 3 3 TTV 
15 REM F I L E # > 1 2 8 F0RCR WITH L F 
2 0 REM 163=2S'T0F\ . 7 B I T A S C I I , 1 1 0 BAUD 
1 0 8 OPEN 1 2 9 . - 2 , 3 , C H R $ < 1 6 3 ) + C H R $ < 2 2 4 > 
1 1 0 G E T # 1 2 9 , A $ 
2 0 0 REM MRIN LOOP 
2 1 9 GET B * 
2 2 0 I F B * < > " " T H E N I F B $ = C H R $ < 1 3 ) T H E N 

PR I NT# 129.. B $ ; CHR$ < 8 ) ; CHR$ < 0 > ; : GOTO230 
2 2 5 I F B $ < > " " T H E N P R I N T # 1 2 9 , B $ ; 
2 3 0 GET# 1 2 9 , C $ : I F C $ 0 " "THEN P R I N T # 1 2 9 , C $ ; 
2 4 0 P R I N T B * ; c $ ; 
2 5 0 S R = S T : I F S R = 0 OR SR=S THEN208 
3 0 0 REM ERROR REPORTING 
3 1 0 P R I N T " E R R O R " ; 
3 2 0 I F S R AND 1 THEN P R I N T " P A R I T V " 
3 3 0 I F S R AND 2 THEN P R I N T "FRAME" 
3 4 0 I F SR ANB4 THEN P R I N T " R E G BUFF F U L L 

" 3 5 0 I F SR AND8 THEN P R I N T " B R E A K " 
3 6 0 I F <PEEK < 6 7 3 ) A N D 1 > = 0 T H E N 3 6 0 
3 7 0 CLOSE 1 2 9 •' END 

READY. 
fig. 2. C-64/ASR-33 program listing. 
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ratue 1 <it capacitance am In micro-
tamds l»fk oHints ate In plcotat 

fig. 8. Alternate circuit for conventional bias control. Amplifier rear view. Notice the dynamic bias defeat switch 
in the lower right corner. 

volt power supply. The H V drops to 3600 volts w h e n 

800 m A is drawn. 

The power supply is built as a separate unit that sits 

behind the operating desk. Its circuit is s h o w n in f ig. 7. 

Set in 714 cubic yards of concrete, author's 70-foot Tri-ex 470D 
tower is completely self-supporting, with fully motorized 
crank-up, tilt-over capability. Lower antenna is a KLM 
KT34XA; upper antenna, at SO feet, is a two-element Cushcraft 
40-meter beam. Both were erected by K8RA without 
assistance. 

K8RA 's station is largely home-brewed. Shelf holds receiver 
described in August, 1983. edition of QST-, construction details 
will appear in W6SAI ' s forthcoming revision of The Radio 
Handbook. To the right are two homebrewed keyers and a 
speaker to match the amplifier. On desk top are a second 
speaker, a Collins K W M 380 transceiver, a Collins 30L1 linear 
amplifier, a rotor control and a 2-meter rig. Rack, at right, 
contains homebrewed equipment exclusively; from top to 
bottom, the 3CX1200A7 amplifier described in this article, a 
station monitoring oscilloscope, a station control console, 
and an antenna tuner with built-in memory. Blank panel 
marks space for new 8877 linear amplifier currently under con-
struction. (No, Jerry didn't build the clock: it was a $25 "find" 
at Dayton. But he did build the 16 x 22-foot solid cedar addi-
tion to house his station. Skylights, not pictured here, afford 
overhead view of antennas.) 

amplifier tuning 
Amplifier adjustment is initally done into a 50 -ohm 

d u m m y load. W i t h filament and operating plate vol-

tage applied, grid and plate current meters should read 

zero w h e n the amplifier is not keyed up by the exciter. 

Shor t ing the V O X in/out line engage s the antenna 

relays wh ich swi tches the amplifier into the R F line. 

Static plate current shou ld still be zero if the dynamic 

bias circuit is used. If the dynamic bias circuit is not 
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included or bypassed with the defeat switch, S3, the 
static plate current should rest at approximately 150 
mA. If grid current is observed with the plate or tune 
capacitors in any position, it is probably a sign of 
parasitic oscillations and should be corrected.4 

Drive power can now be slowly increased until the 
plate current is approximately 250 mA. The Tune and 
Load controls are adjusted for maximum power out-
put as indicated on the RF power output meter. Exci-
tation is now increased and the plate and load tuning 
capacitors adjusted until approximately 800 mA plate 
current with 200 mA grid current is achieved, with 
maximum output indicated. When the above condi-
tions have been met, the loading should be increased 
slightly to insure proper linearity. The RF power out-
put should not exceed 1500 watts. Use a scope to 
monitor signal quality if available. Under SSB speech 
conditions, peak plate current with no clipping or com-
pression will kick to about 400 mA and grid current 
to about 100 mA. 

conclusion 
The amplifier has been in operation for over six 

months and has operated flawlessly. As expected, 
another fine tube by EIMAC. 
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1. J.A. Bryant, W4UX, "Electronic Bias Switching for RF Power Amplifiers," 
QST, May, 1974, page 36. 
2. Precisian Mechanical Components, Winfred M. Berg, Inc., 499 Ocean 
Avenue, East Rockaway, New York J1518. 
3.3CX1200A7 Technical Data Sheet, Varian/EIMAC, 301 Industrial Way, San 
Carlos, California 94070. 
4. William Orr, W6SAI, Radio Handbook, 20th Edition, Howard W . Sams, 
Inc., Indianapolis, Indiana, (See "Low-frequency Parasitic Suppression," 
page 17.20.) (The 22nd Edition of Radio Handbook is available from Ham 
Radio's Bookstore, Greenville, New Hampshire 03048, for $12.95plus $3.SO 
shipping and handling.) 
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ham radio 
TECHNIQUES 

big signals 
from the north 
Have you heard those outstanding 
signals from Finland? Every active 
DXer has heard these block-busters in 
DX contests. Why? Because our 
friends up north have no hesitation 
about erecting giant antennas. 

Consider the antenna system that 
Marti, OH2BH, uses. A photo of his 
"Christmas Tree" systems and rotator 
are shown in figs. 1 and 2. The 
140-foot (42 meter) rotatable steel 
tower was manufactured and installed 
by 0H8QD. It is guyed by nonmetallic 
Parafil ropes which terminate on slip 
rings. A heavy duty ART-8000 rotator 
supports the system. 

A brace of six-element KLM beams 
is mounted on the tower — six over 
six on 20 meters at the 140-foot (42.6 
meter) and 170-foot (51.8 meter) 
levels. Single six-element beams for 21 
and 28 MHz are at the 120-foot (36.5 
meter) and 95-foot (29-meter) levels. 
Antenna switching is accomplished by 
a set of remotely controlled vacuum 
relays located at the 105-foot (32-
meter) level. 

The relay allows a selection of either 
one or both of the antennas. Three 
SPST (single pole, single throw) relays 
are used in fig. 3. The relays are 
shown in the " o f f " position. Coax line 
L1 is an electrical 1 /4-wavelength of 
75-ohm coax and transforms the nomi-
nal 50-ohm antenna feedpoint resis-
tance to about 112 ohms. The two 
112-ohm ports at relay 2 are put in 
parallel and become a 56-ohm termina-
tion that closely matches the 50-ohm 

system design value. The relays are in 
a weatherproof box mounted halfway 
between the antennas. Fifty-ohm lines 
from the box run to each antenna. 

A representation of the relay wiring 
in the box is shown in fig. 4, as is the 
sw i t ch ing table located at the 
operating position. 

fig. 1. The "Christmas tree" antenna at the 
contest site of Marty. OH28H. Six-over-six 
elements on 20 meters. bBcked up by single 
six-element beams on 21 and 28 MHz are 
mounted on the 170-foot high tower. The 20-
meter beams can be switched in combina-
tions from the operating position. 

To reduce vibration in the antenna 
system, which could be destructive in 
harsh winter storms, each element has 
a 5-foot (1.5 meter) length of rope 
cemented into the inside of the outer 
element tips. 

Another interesting antenna installa-
tion is that of Simon, 0H80S. A close-
up view is shown in fig. 5 and the slip-
ring assembly is shown in fig. 6. The 
antenna is composed of eight six-
element beams, stacked two-over-
two I OH6JW is believed to have a 
similar setup. The tower sits on a 
rotator and the guys are attached to 
slip rings at appropriate levels. 

No doubt other big arrays exist. I'd 
like to receive pictures of them to put 
in this columnl 

how about 160 meters? 
Even though there aren't any 

stacked, rotary arrays on 160 meters 
that I know of, there are certainly some 
big signals from well-known DXers on 
this band. One of the prominent 
signals on this band (and on others) 
comes from Jay, AD8C. Jay has a 106-
foot (32.3 meter) Rohn tower, guyed 
at three levels wi th 1 /4-inch (0.6 cm) 
diameter stranded steel wire. Only the 
top set of guys is broken by insulators 
at 25-foot (7.6 meter) intervals. A 
length of heavy-wall aluminum tubing 
projects 15 feet (4.5 meters) above the 
top of the tower. The tower is turned 
by a W0MLY-modified prop-pitch 
rotator. 

On 160 meters, the tower is shunt-
fed with an 82-foot (25 meter) length 
of electrical conduit as the gamma rod, 
spaced 1.5 feet (0.45 meter) from the 
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fig. 2. The 170-foot high towm of OH2BH is rutatable. This is view of the base support arid the 
offset rotating mechanism. The tower is guyed by nonmetallic Parafil ropes which terminate 
on slip rings. 

tower. Thirty radials are used, with 15 
of them a full quarter-wavelength long. 
A 5kV, 1000 pF vacuum variable 
capacitor is used as the gamma capac-
itor. The 2-to-1 bandwidth of the 
antenna is about 55 kHz. 

As for the other bands, Jay uses five 
phased slopers on 80 meters, pat-
terned after the 40-meter system 
described in the ARRL Antenna Hand-
book (1974 edition). It provides about 
3 dB forward gain and a front-to-back 
ratio of about 10 to 15 dB. 

The rest of the-antennas include: a 
three-element Yagi for 7 MHz at 107 
feet (32.6 meters), a four-element Yagi 
for 14 MHz at 120 feet (36.5 meters), 
and four-element Yagis for 15 and 10 
meters at 55 and 113 feet (16.7 and 
34.4 meters). To complete the "an-
tenna farm," there is an eight-element 
Yagi for 2 meters at 95 feet (29 
meters). 

Jay says he is satisfied with the in-
stallation that it has withstood severe 
winter storms, and does a "credible 
job" in DX pileups, particularly on the 
lower bands. 

One of the outstanding 160-meter 
signals from Asia comes from Kuni, 
JA7NI, who lives in a three-story 

apartment house. Atop the building 
Kuni has a 46-foot (14 meter) high 
heavy wall aluminum mast (fig. 7). 
The mast is top-loaded by a 76-foot (23 
meter! length of wire that slopes down-
ward to a short pole mounted on an 
adjacent building. The aluminum roof 
trim of his building is used as a ground 
connection. The antenna works well; 
Amateurs in all US districts have been 
contacted, with many QSOs made 
along the east coast, including 
WA2SPL, W1FC, W2FJ, K2EK, 
KC2SB, W3ESU, and others. 

After getting this information, I 
wrote Joe, WA2SPL, to see what an-
tennas he's used for DX work to 
Japan. He told me that his first 
160-meter antenna was an inverted-
vee with the apex at 150 feet (45.7 
meters) and the ends at 75 feet (22.8 
meters). Joe says that although it was 
a "pretty good" antenna for transmit-
ting, precipitation static during snow 
storms made the antenna useless for 
receiving. He then put up a 1000-foot 
(348 meter) Beverage antenna for 
receiving that worked very well. On the 
common assumption that " i f big is 
good, bigger is better," Joe erected a 
1500-foot (457 meter) Beverage wire 

, / / 

/ OPP£R AMTCHNA 

III " " —O 10 STATtOh 

•• • (ret*rs arc 
:. ki'wk if. art 
position 

LOWLff ANTENNA 

fig. 3. Antenna switching system at 
OH2BH permits selection of lower, up-
per, or both antennas. 

that proved to be even better than the 
shorter one. 

The next step was to raise the 
inverted-vee to 200 feet (61 meters), 
with the ends at 90 feet (27.4 meters). 
This produced an immediate improve-
ment in his signal — to the point at 
which he couldn't hear some of the DX 
tl.at called him! So Joe went back to 
modifying the Beverage receiving 
antenna. 

It was obvious that more and better 
Beverages were needed, so Joe put up 
a 2100-foot (640 meter) wire for 
Europe, a 1500-foot (457 meter) wire 
aimed at Japan, a 1000-foot (348 
meter) wire for South America, a 
1,000-foot wire on the Caribbean and 
a 3100-foot (944 meter) wire aimed at 
Australia/New Zealand. (Where do 
these guys get the space to put up 
these antennas?) 
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fig. 4. Complete schematic of OH2BH 
antenna selection relays. LI and 12 are 
1/4-wavelength sections of 75-ohm 
coxial cable. 

fig. 5. The monster 20-meter array of Simon, 0 H 8 0 S . The antenna consists of eight six-
element beams, stacked two-over-two. Simon puts through an S-9 + signal on the West 
Coast of the U S A when other Europeans are inaudible. The complete tower is rotatable. 

After a few months Joe found out 
that a Beverage antenna could be too 
long. He pruned the 3100-foot wire 
back to 1500 feet (457 meters) and it 
worked much better. 

With each antenna, a 20 dB pre-
amplifier was used to bring signals up 
to good copy. By this time, Joe had 
150 countries to his credit on 160 
meters I 

Even with his success with the Vee 
and the Beverages, Joe was curious 
about the luck his DX friends had with 
vertical antennas on 160 meters. For 
various reasons, he couldn't shunt-
feed his 200-foot tower, so he dropped 
a rope down on a 45-degree angle to 
the ground and lowered a wire to 
ground level from the 130 foot (40 
meter) elevation on the rope. He 
placed 24 quarter-wave radials beneath 
the vertical antenna. 

He soon discovered, by direct com-
parison, that under no conditions did 
the vertical perform better than the 

high Vee antenna. He was sure that 
the vertical was relatively worthless un-
til he later met Dana, W1CF, and went 
to Dana's station to work it during a 
CO Worldwide DX contest. The sta-
tion was equipped with two 1200-foot 
(365 meter) Beverage receiving anten-
nas, plus two CoUAtch-Co 61-foot 
(18.6 meter) verticals with 80 radials 
under each one. The contest results 
were amazing — the W1CF station 

ended up with 830 QSOs and a score 
of 323,000 pointsl 

Now Joe is wondering why his full-
size vertical seemed to perform so 
poorly. Too few radials? Low conduc-
tivity ground in the vicinity of the 
antenna? He may soon have the an-
swer. He's moving to a new location, 
and by the time you read this, he may 
have put up his new 160-meter an-
tenna system — four full-size, phased 
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fig. 6. Slip-ring installation on tower of 0H80S- Would you care to climb the ladder to the 
top array? (Visible at top of picture is the arm of the crane ready to lift the antennas to 
their final positions on the tower.) 

verticals on a mountain in northern 
Vermont. JA7NI, keep your ears open 
for this one! 

You can be a topnotch 160-meter 
DXer with only a simple antenna. Bob, 
VE1YX, says, " N o super-antenna 
here! I have a simple, coax-fed dipole, 
60 feet high on a hilltop about 450 feet 
above sea level. So far, 135 countries 
- the best DX being VK6HD long path 
at 2100Z." 

long-wave hams in Australia 
Sixteen years ago, before WARC 

79, the United States considered an 
Amateur band in the 160-190 kHz 
region. The idea had merit, but opposi-
tion arose because this was the range 
used by carrier current data transmis-
sions on power lines and also by long-
wave European broadcasting stations. 
Sadly, the idea was dropped before 
WARC 79 started. 

Even so, John (VK3ACA) and Peti 
(VK3QI) pursued the idea with th 
Department of Communications i 
Australia and, after a pause, they wei 
issued experimental licenses for lov 
frequency operation on 196 kHz (152 
meters). John received the call sig 
AX3T35 and Peter became AX3T36. 
third Amateur, Dennis (VK3WV), joii 
ed them and got the call sign VL3 
(fig. 8). The stations all ran about 1C 
watts input. 

Antennas were a problem. AX3T2 
used a 30-foot vertical wi th a hue 
base loading coil and an extensiv 
grounding system. He estimated h 
antenna efficiency was about 0.37 pe 
cent. Station VL3Y used a 135-fo< 
wire, which wasn't much better. Eve 
with the poor antennas, the first coi 
tact was made in April, 1981. Coi 
tinued contacts between the three set 
tions showed that the propagatio 
range via ground wave was about 3C 
miles during daylight, and possib; 
more during the hours of darkness. 

AX3T35 is writing an article, schec 
uled to appear shortly in the journal < 
the Wireless Institute of Australi. 
Amateur Radio, about the experience 
of the only three licensed low-frc 
quency ham staions in the work 
(Good work, lads — I'll put a shrim 
on the barbie for you!) 

an anti-jamming 
HF loop antenna 

People other than Radio Amateui 
are interested in efficient and effectiv 
HF antennas. Radio Free Europe, i 
particular, tries in every way to corr 
bat the Soviet jamming that plague 
their broadcasts. In this regard, the 
have published information on buildin 
a simple and inexpensive directioni 
receiving antenna that can be helpfi 
in reducing jamming interference 
Details of this antenna are shown i 
(fig. 9.) 

The antenna consists of a shielde 
loop made of coax cable (RG-58/U, c 
RG-59/U, for example). A smaller loo 
couples the tuned loop to the receive 
To hold the cables in the loop forrc 
a wooden support in the shape of 
cross is used. The coax is passe 
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-TV COAXIAL CABLE 
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TO RECEIVE/! 

4- 9MHf $ - 18 MHz I6-26MH1 

2 7.6" 25.6" 13.8" 
(70cm) (65cm) (35cm) 

5.5" 4.1" 3.15" 

(14cm) (10.5cm) (8 cm) 

17 3" 17.3" 9.4" 

(44cm) (44cm) (24cm) 

SOO pF ZOO pF ZOO pF 

DETAIL 1 

(o) ZOO TO 500pF 

NOT£> COAX SHIELOS ARE NOT CONNECTED AT THE TOP 

SHIELD UNCONNECTED 

DETAIL 2 

SHIELD AND INNER 

CONDUCTOR CONNECTED 

COUPLING LOOP 

LARGE LOOP 

TO RECEIVER 

fig. 9. Receiving loop recommended by "Radio Free Europe." (Dimensions provided in centimeters.) 
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fig. 7. Apartment antenna of 160-meter DX operator Kuni. JA7NI. consists of top-loaded 
46-foot (14 meter) mast atop a three-story apartment building. Shield of coax is grounded 
to aluminum roof trim. 

through appropriate holes in the struc-
ture. A variable capacitor at the open 
end of the loop tunes it to the required 
frequency. The coupling link matches 
the symmetrical, balanced loop to the 
unbalanced coax line to the receiver. 

The vertical portion of the support 
structure is hinged to allow tilting the 
antenna for improvement of the rejec-
tion null. The antenna can be rotated 
horizontally to provide both azimuth 
and elevation alignment. 

To cover the shortwave spectrum 
from 4 to 26 MHz, three loop sizes are 
required, as shown in fig. 9. 

To use the loop antenna, receiver 
and antenna are tuned for maximum 
signal at the desired frequency. The 
antenna is then rotated and tilted to 
minimize the interfering signal. A 
reduction of 30-to-1 in jamming 
strength is predicted for short wave 

listeners, depending upon the location 
of the jamming station with respect to 
the desired station. 

While Radio Amateurs may not use 
the loop for reduction of intentional 
jamming, this design may prove to be 
of benefit for operation in DX contests 
where it's helpful to null out loud local 
competition. 

Because of the reduced pickup of 
the loop compared to a full-size an-
tenna, it may be necessary to add a 
preamplifier between loop and receiver 
to bring signals up to full strength. 

the new Beam Antenna 
Handbook 

For the past two years I 've been 
absent from the bands, devoting every 
moment of my spare time to complet-
ing, with Stu, W2LX, the extensive 
revision of the Beam Antenna Hand-

Oennis SUMt, 40 Mather Rd. Noble Parts, Vic 

EXPERIMENTAL STATION 

Lm "^C 
cnfmflW/QSOUlTiSOate t 0 - l - » 3 Time HHO » i t 
Freq Mode IKOAON RST 5 1 1 
Fix Q K U b Tx Mod . « T 6 Ant J l i ' w i r e . 
Pwr nv». i / r Qsl 73 

EXPERIMENTAL RADIO STATION 
ON 1531 METRES 196 kHz 

AX3T 35 
J. A ADCOCK 

12 ALBERT STREET, OAK PARK. VICTORIA, AUST. 304« 

TO i / U Y . . . CONFIRMING ^ ' ' ' . . / M . J Com/qcV qa to / r? <xt f/po 2. 
Puwef iOOW u.p.0 ' 3 5 " . . W r . ^ o d e - IOOH MA 

AMATF.IJH M'A'I ION VMALA 7.1 * KOM JOHN 

fig. 8. QSL cards of low-frequency exper-
imental Amateur stations in Australia. 

book. It was a lengthy job; the old text 
was ripped apart and new text pre-
pared. New illustrations were added. 
New, up-to-date antenna dimensions, 
based upon recent computer studies 
conducted on Yagi arrays were cata-
loged. The result, after much hard 
work, is a completely new edition of 
Beam.* 

The book includes new data on HF 
Yagi antennas (two to five elements), 
element spacing, and the effect of ele-
ment taper. There's new information 
on erecting beams and general installa-
tion data as well. VHF long Yagis are 
covered, together with complete 
design tables for the home construc-
tor. Complete English and metric 
dimensions are given for all antennas. 

There's helpful information on feed 
systems and SWR measurements. A 
systematic test procedure is provided 
to help you determine whether your 
beam is operating properly. The infor-
mation on checking the accuracy of 
your SWR meter is worth the price of 
admission! 

Now that the book is ready, perhaps 
I'll have time to get on the air! Or will 
another project come along? 

"Available from Ham Radio's Bookstore, Greenville, 
New Hampshire 03048, $9.95 plus $2.50 shipping and 
handling. h a m r a d j ( ) 
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DX 
FORECASTER 

Garth stonehocker, K0RYW 
signal levels during 
the summer months 

Absorption results in loss of 
energy from the signal as it collides 
with ions on its path through the D 
region, 60-80 miles (100-120 km) above 
the earth. How much energy is ab-
sorbed per transit of the D region 
depends on the location of the sun, 
and is a function of cosine X, the 
zenith angle to the sun. Maximum ab-
sorption occurs at the subsolar point, 
directly under the sun; absorption 
decreases as the signal path moves 
away from the subsolar point in any 
direction. 

On any propagation path, absorp-
tion increases with the number of 
crossings of the D region and also 
varies inversely with frequency. There-
fore, in working DX it pays to use the 
higher frequency bands and obtain 
consequently greater distances per 
hop. 

In a study of several midlatitude 
communication links of varied lengths 
over the years of this 10.7 solar cycle, 
some general trends were noticed. The 
ionosphere, a balanced energy system 
tends to return to a "normal" level of 
ion density after each new solar per-
turbation. It is a fact that between 
sunspot numbers 20 and 120, signal 
absorption changes only by approxi-
mately 8 dB for a one-hop path 2500 
km in length. The one-hop path is the 
easiest in which to see changes. When 
the signal travels three or more hops, 
the changes get blurred between the 
hops. There is more absorption with 
the larger number of hops, but the 
effect of absorption per hop is not 
linearly additive. Each additional hop 
subtracts less energy from the signal. 

Absorption is inversely proportional 
to frequency when the angle the signal 
wave makes with the ionospheric layer 
is constant, as in vertical ionospheric 
sounding. However, this frequency 
dependency is hard to assess because 
as the frequency changes so does the 
extent of layer penetration, thereby 
changing the incidence angle some-
what. As a rough estimate, 10 MHz 
signals tend to incur twice as much 
signal absorption as 20 MHz signals. 
However the largest absorption effect 
occurs between night and day; it is so 
great it tends to mask out the meas-
urement of the secondary causes. The 
midlatitude communication link paths 
showed 10-30 dB of signal loss be-
tween night and day in most seasons, 
with paths near the equator surpass-
ing even these. These different absorp-
tion effects add up to give an overall 
signal loss of 120 dB on the average. 

What can DXers do to enhance their 
effectiveness during summertime 
operations? Review the chart on the 
next page for the highest band availa-
ble to the DX area you wish to con-
tact. Operate on towards evening, tak-
ing advantage of its lower absorption, 
but before the maximum usable fre-
quency drops off very much. Then use 
the graph provided in the February, 
1985, column that shows take-off 
angle (TOA) vs. ionosphere height. 
Use the height chart provided, too. 
The lowest TOA means fewer hops 
and less absorption of your signal. 
Make sure your antenna radiates sub-
stantial energy at that low TOA in 
order to give you the best chance of 
contacting the desired DX station. 

Know the current conditions (in 
terms of signal absorption and variabili-

ty, QSB) by listening to radio station 
WWV on 5,10, 15 MHz at 18 minutes 
after the hour. If the solar flux has just 
increased, absorption will be high. In 
addition, potential fading conditions 
(QSB) are associated with an A figure 
of greater than 15 or a K figure greater 
than 4. These indicate pronounced 
signal absorption on the higher latitude 
paths. These clues can help you be 
your own forecaster — therefore a 
better DX operator. 

last-minute forecast 
During August noise will be up and 

signal strength down, however spora-
dic-E propagation will occur. This just 
means that we can expect good DX 
conditions on the higher frequency 
bands in the third and last weeks of the 
month while the lower bands are ex-
pected to be best the first week of the 
month. It's always helpful to check 
WWV broadcasts to confirm these 
conditions. For the VHF/UHF en-
thusiast the moon's perigee will occur 
on the 19th, with a full moon on the 
30th. The Perseids meteor shower will 
occur from the 10th to 14th, with a 
maximum rate expected on the 11th 
and 12th, with better than fifty 
meteors per hour. This is an excellent 
shower. Meteor shower activity has 
already been reported as heavier than 
usual this year. 

band-by-band summary 
Six-meter paths will open for a half 
hour to a couple of hours on some 
days around local noon. Sporadic-E 
propagation will make this short-skip 
path possible out to nearly 1200 miles 
(2000 km) per hop. 

Ten and fifteen meters will have a few 
short-skip E s openings and some long-
skip openings to southern areas of the 
world during daylight, though only 
during periods of high solar flux. Some 
transequatorial (TE) openings associ-
ated with mildly disturbed geomag-
netic-ionospheric conditions may occur 
in the evening hours toward the end 
of the month. 

Twenty, thirty, and forty meters will 
have DX from most areas of the world 
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1:00 20 20 20 15 20 15 20 20 2:00 

2:00 20 20 20 15 20 15 20 20 3:00 

3:00 20 20 20 15 20 15 20 20 4:00 

4:00 20 20 20 15* 20 15 15 20 5:00 

5:00 20 20 20 15 20 15* 15 20 6:00 
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r H t ~ V H F S H O P S5Ste!1-800-HAM-7373 
MTKON 
R67A <5.00 
RS12A 62.75 
RS20A 79.96 
BS20M 96.45 
VS20M 1U.96 
•WJ6A 123.75 
MtRAOC 

RS35M 138.95 
VS35M 156.95 
RSSOA 179.85 
RS50M 203.25 
VS50M 223.95 
RM50A 206.95 

CALL 

FOR THE BEST DEAL IN TOWN 
CALL THE BEST NUMBER AROUND 1-M0-HAM-7373 

SPECIALS: Astron P o w e r S u p p l y S a l e ( s e e p r ices 
a t left); Yaesu F T - 9 8 0 $ 1 , 3 3 0 , F T - 7 5 7 G X $745 .95 ; 
Kenwood T S - 4 3 0 S • C a l l ! , T S - 7 1 1 A • C A L L I 

<!0t5«Mlr150wA(np/P«. . ^ j f t r f^ CALl 
B23A2 Mir HT Amp/Pa FOB 
S1OT6 2 Mtr tflOw AmpfPi .. « " = 
B30U!Mtr30ln I 160 O J l V * 

VAESU 
FT203H NEW 2Mtr HT \ o f t O ^ 
FT-209RH O ^ ^ l f e S U V - . . . 
n 7 0 a n « 0 M h t M r . . . . n s i ^ r ...CALL 
FT77 Grot MoblH Rig.. V FOR 
FT757GX HF XCVR - A Wlnnerl O U R 
FT960 CAT Syatam Special 
F7726R with 2Mtr. Modula „ 
SU726 Sat. Duplex Module BOTTOM 
432/435 Module • 726R QUOTE 
50 Mhz Module - 726R 
HF7J610-12- ISMtr Module 
SSB ELECTRONICS 
High Performence - Low Nolae OBM convertera 
for 30Mhz, 144MHz. OI432MIIZ 109.95 
SSat296-28/144GaAaFet converter 149.95 
SSB144-28 10w Transverter Kit wllh 
Double Balanced Mixer on TxiRx 199.95 

SS8432/435-26 10w Tranaverter Kit with 
QaAaFet front-end, OBM'aon Tx/Rx ... .Call! 

LT23a 1296 MH1 lOw X-verter. NF 1 SdB, 
QaAaFet front-end, Dual Channel! .. .650.00 

MlcroMnel3 2.3GHz Linear X-verter 399.95 
LSM24 OSCAR MODE L up-converler... 279.96 
DX144 GaAaFet Preamp NF .4dB 124.95 
0X432 GaAaFet Preamp NF .MB 124.96 
DX1296 QaAaFet Preamp NF ,6dB 124.95 
SSB MAST-MOUNTED GaAiFet Preampa: 
MV144S-01 Nt 8dB 1 Kw PEP Max 275 95 
MV432S-OI NF ,7dB 1Kw PEP Max 275.95 

NOW UNDER 
" NEW MANAGEMENT! 

OUR 
LOW 

C10121.3Mtr120w Amp/Pa" LOW 
DIOION 430.450Mhz. 100w N'a QUOTE 
K I M 
KT34A 4el Trlbender 333.96 
XT34XA 6el. TrIMMar 478.9S 
2M16LB10220-22LBX/432-30LBX 60.95 
2M14C/2M-22C 85.50/113.95 
435-18C 112.95 

KENPAO 
KR500 Elevation Rotor 169.95 
KDK 
FM2033 2Mtr 25w FM 279.95 
FM6033 f4033/7033 Call! 
HENRV RADtO 
2KD-Claaalc 2 KW Amp. . . . 965.00 
2002/2004A KWa 1250.00/1350.00 
MICROWAVE MODULES 
MMT144-26 2M1r X-verter 199.95 
MMT220-2B 220Mhz. X-verler 260.00 
MMT432/435-268 10W X-verter 279.95 
MMT1296-144G 2w X-verter 349.95 
MMC144-28 2Mtr converter 59.00 
MMC432/435-26 converter 69.00 

i n f o r m a t i o n & Pa R e s i d e n t s 

Call (717) 474-9399 
16 S Mountain Bivd - FH 309 , 

Mountaintop, Pa. 18707 

MUTEK LTD. 
Low Noise - High dynamic rang* front-end 
boards with: Low loaa relay. RF Amp, DBM 
fr-poia Xtai Hilar, and IF AmplMar. 
ICOM IC211/251 Board 135.9< 
(COM IC271A Board 148.« 
QLNA432E mast mount QaasFet praamp and 
aaquancar 269.95 
SLNA144a RF Switchad Pratamp, lOOw 
max. input, NF idB Gain l5dB typ 74. 
SLNA50® Sama aa above for 50Mhz 74.96 
SBLAi44a Mast-Mountad RF Switchad 
praamp, 250w, max input NF IdB 159.95 
GFBA144® Maat-Mour»t«d GaAsFet praamp, 
1 Kw PEP Max. Includes Lin. amplifier 
sequencer, Interfaces to all rlgsl 249.95 

c u e OCC • The S wad Ian Boomer "SALE" 
144-15AN I5ai 144MHz Yagi w/N conn. . -79.951 
PARABOLIC • UHF UNITS • LA8E 
1296/28 dual conversion vverter 385 00 
1209/1296 single tube amp (60wj 279.95 
1269/1296 dual tube amp (120w) 389.95 
1.2 meter dish kit 95.95 
Difth leads 1296 or 2304 85.95 
2 way ant. combiners 144/432 51.96/49.95 
4 way ant. combiners 144/432 59.95/56.95 
TERMS; Prfcee do not include shipping except 
where indicated and are subject to change 
without notice. At our discretion some COD'a 
may require a deposit. Returns are sub|ect to a 
15% restocking charge 
•Continental USA only 

H O U R S : M o n d a y H F r i d a y 9 . 0 0 a m - 8 : 0 0 p m 
l u e s W e d . T h u r b S a t - 9 0 0 a m - 5 : 0 0 p m 

rMULTI-BAND SLOPERS" 
ALSO: PIPOLES a UMITEO-SWCE ANTENNAS 

OuliMAdine per/ormance ol W9INN antenna. Is well knownl Nowen-
•10V mulllband BIG-SIGNAt. report,) Automatic ftandswitchino • Very 
lev, prptlla • Complata ("llruclioni -You. per,gnat clrac* vcceplee 
4'BAND SLOPER -100. SO. 40.30. or 20M -160, 80. 40M 

-80.40M NO-TRAP OIPOLE - 160. 80. 40M 80. 40M 

GO It. lone a 48 ppd 
60 II. i ** 
40 tt - $ 113!t.lono } 85it. - a 

9'BAND SPACE-SAVER OIPOt-E-iaO thru 10M* 16H.liiDli S 85pp4 " Bbqu^.i artde-range luner |8ft 40.20.15M arllhou, tonefl 
SENP SASE tor completp aetell, ol Iheae and other unique antenna, 

W9INN ANTENNAS 313394 3414 
BOX 393-H MT. PROSPECT, I I 6005A 
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^^^Cuslorr^Mailin^List^or^abels^^^^k 
Amateur Radio Operator NAMES 
Custom lists compiled to your specifications 

" G e o g r a p h i c b y Z I P a n d / o r S t a t e 
• B y L i c e n s e I s s u e o r E x p i r a t i o n D a t e 

S e l f s t ick 1 x 3 l a b e l s 
T o t a l L i s t 4 5 3 , 0 0 0 P r i c e : $ 2 5 / T h o u s a n d 

Buckmaster Publishing ^ 165 
Whitehal l 

. Mineral. VA 23117 U S A ( 7 0 3 ) 8 9 4 - 5 7 7 7 , 
» " 164 

during the daytime and into the even-
ing hours almost every day. Forty 
meters will join this daytime group 
toward the end of the month because 
of lower signal absorption (lower low-
est usable frequencyl during these 
sunspot minimum years. During un-
usually high 27-day solar flux days, 40 
meters may not be usable; both 40 and 
30 meters may not be usable at the 
predawn hours after the high flux day. 
The DX on these bands may be either 
long-skip to 2500 miles (4000 km) or 
short skip E s to 1250 miles (2000 km) 
per hop. The length of daylight will be 
decreasing noticeably at the end of the 
month. 

Thirty, forty, eighty, and one-sixty are 
all good for nighttime DX, even though 
the background thunderstorm noise 
may be severe, especially on 80 and 
160 meters. Propagation of signals via 
sporadic-E layer may occur and assist 
around sunset. This will be the final 
month of the E s season. 

ham radio 

Keep those valuable 
issues of Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind em 
together and enjoy 
for years to come. 
You'll be happy you 
did! 

HAM RADIO BINDERS 
B e a u t i f u l b u c k r a m b o u n d , 
r ich b r o w n mate r i a l w i t h g o l d 
e m b o s s i n g . T h e s e b i n d e r s 
wi l l real ly d r e s s up your col-
l e c t i o n o f H a m R a d i o . Y e a r 
s t i c k e r s i n c l u d e d . 
• HR-BDL $6.95 ea. 

3 for $17.95 
P l ea se add $2 .50 tor sh ipp ing 

a n d handl ing, U . S . only. 

HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

WARNING 
SAVE YOUR LIFE OR AN INJURY 

Base plates, flat root mounts, hinged oases 
hinged sections, etc. are not intended to support 

the weight ol a s ingle man. Accidents have 
occured because individuals assume situa 

lions are sale when they are not Instal lation and dismantl-

ing ol tower s is dange rous 

and temporary g u y s of sulticient 

s t rength and s ize shou ld be u sed 

at all t imes w h e n i nd i v i dua l s are 

c l imb ing towers dur ing all types ol 

instal lat ions or d i smant l ings . Tempora ry 

g u y s shou ld be u s ed on the first 10 ' or tower 

du r i ng erection or d i smant l ing D i smant l ing 

can even be more dange rou s s ince the condit ion 

of the tower, g u y s , anchors, and/or root in many 

cases i s unknown. 

The d i smant l i ng ol some tower s shou ld be done with 

the u se of a c rane in order to min imize the poss ib i l i ty 

of member, g u y wire, anchor, or base failures. Used 

towers in many ca se s are not as i nexpens i ve as you 

may think if you are injured or killed. 

Get profess ional , exper ienced help and read your 

Rohn catalog or other tower manufacturers ' catalogs 

before erecting or d i smant l ing any tower. A consulta-

tion with your local, profess ional tower erector wou ld 

be ve ry inexpens ive Insurance. 

P a i d for 
By the 
Fo l l ow ing : 

ROHN-
P.O. Box 2000 
Peoria. IL 61656 



•NEWI 
products 

900-MHz scanner converter 
Hamtronics, Inc. has announced a new con-

verter lor scanner radios to cover the 900-MHz 
land mobile band. An adaptation of the very 

* popular CVR-806, which covers the 806-896 MHz 
band, the new 900-MHz converter allows cover 
age of new services now being assigned or pro-
posed for the 880-960 MHz range, including addi 
tional land mobile services, such as police and 
fire departments, government and non-govern-
ment fixed stations, industrial, scientific, and 
medical services, and the proposed 902-928 MHz 
Amateur band. Also included are proposed new 
cellular telephone and paging services and ex-
isting and new broadcast studio-transmitter links. 
The price of the CVR-900 is $88 plus $3 for ship-
ping and handling. Other converters are available 
for Ihe 72 76, 135-144, 240-270, 400-420, and 
806-896 MHz bands at the same price. 

For a complete catalog of Hamtronics' pro 
ducts, send $1 to Hamtronics, Inc., 65-F Moul 
Road, Hilton, New York, 14468-9535. (For over 
seas mailing, please send $2 or 4 IRCs.) 

UHF cavity amplifiers 
Varian/EIMAC has introduced six new UHF 

cavity power amplifiers designed for FM, CW, 
pulse, or single-sideband linear service in the 280 
to 530 MHz frequency range. 

Using the EIMAC 3CX800A7 high-,* power 
triode, the cavity amplifiers eliminate equipment 
design complications and extra power supplies 
associated with UHF tetrode cavities, yet pro-
vide comparable stage gain. Power gain in FM 
or CW service for all cavities is on the order of 
11 dB with efficiency ratings in excess of 55 
percent. 

In addition to being more efficient, the new 
cavity amplifiers offer reliability in the targeted 
bands because of the comparatively simple 
design. 

The cavities provide approximately 450 watts 
power output in CW and FM service over the 
following ranges: CV-2401, 390 to 450 MHz; 
CV 2402, 375 to 420 MHz; CV-2403, 280 to 300 
MHz; CV-2404, 470 to 530 MHz; CV-2405, 330 
to 370 MHz; and CV-2406, 450 to 470 MHz. 

Standard 50-ohm Type N input and output RF 
connectors are used for all cavities. Silver-plated 
components are used to ensure the best perfor 
mance and efficiency. 

The cavities are forced-air cooled and de-

signed for mounting to a customer's 19-inch 
panel. Each has a net weight of about 13 pounds. 
All are 14 inches wide, 10 inches deep, and range 
in height from 6.2 to 9.3 inches. 

For additional information or literature, con-
tact Varian/EIMAC, 301 Industrial Way, San 
Carlos, California 94070. 

Ci rc lo /308 o n Reader Serv ice Card . 

packet communicator 
Kantronics has announced a new product for 

Amateurs using computers in the shack: the 
Kantronics Packet Communicator. 

Interest in packet radio has grown in recent 
years with volunteer Amateur groups doing 
research and testing of the new mode. With the 
ARRL adoption of the AX.25 protocol as the 
Amateur standard, packet radio became a viable 
form of data exchange. Thousands of Amateuis 
have proven the new mode reliable using a hard-
ware and software program devised by the 
Tuscon Area Packet Radio group (TAPR1. 

To better utilize the new packet technology 
Kantronics has designed a new hardware format 
for processing the packet protocol. By using an 
internal microprocessor to handle the protocol, 
and integrated circuits for signal processing, the 
Kantronics Packet Communicator becomes the 
most compact and inexpensive finished packet 
unit available today. 

Data is transmitted between the Kantronics 
Packet Communicator and the computer using 
a Series RS232 or T T l port. Baud rates of 300, 
1200, and 9600 can be used. Any terminal or 
communications software program can be used 
to set up the computer to communicate with the 
Packet Communicator. Special Packet Terminal 
(PAC-Term"*) programs for many popular per-
sonal computers will be available soon from 
Kantronics. 

the ARRL standard AX.25 and Vancouver pro-
tocols are incorporated in the unit. The Kan-
tronics Packet Communicator supports baud 
rates of 300, 400, 600, and 1200, but the unit 
does not support full duplex operation. 

An added feature of the Kantronics Packet 
Communicator is the ability to select either Bell 
103 or 202 tones for 300 baud operation. This 
will allow the operator to switch to the lower tone 
set, improving performance at slower speeds on 
the HF bands. This feature makes the Kantronics 
Packet Communicator an excellent choice for 
gateway use on the HF bands. The suggested 
retail price is $389.95. 

For further information, contact your local 
Kantronics dealer, or Kantronics. 1202 East 23rd 
Street, Lawrence, Kansas 66046. 

Circ le #307 an Reader Serv ice Card . 

headset/boom microphone 
for TR-720 

Communications Specialists has announced 
the availability of a high quality headset/boom 
microphone that plugs directly into the TR-720 
handheld airband transceiver. The CS-65 HEAD-

System cornpatability, the ability to exchange 
data with existing Packet Terminal Node Con-
trollers, has been achieved with the Kantronics 
Packet Communicator by using the popular 
TAPR software. 

Almost all of the commands and operation 
procedures used by the TAPR group are used 
with the Kantronics Packet Communicator. Both 

SET/MIC was developed to permit improved 
transmission and reception with the TR-720 in 
noisy environments. This new accessory is light 
(12 ounces) and features cushioned, noise-atten-
uating ear pads that can be adjusted for a com-
fortable fit. A flexible boom supports and elec-
tret noise-cancelling microphone. Supplied with 
a 5-foot cable to connect to the radio, the unit 
comes with a push-to-talk switch attached. The 
CS-65 HEADSET/MIC lists for $69.95. 

For further information, contact Communica-
tions Specialists, Inc., 426 West Taft Avenue, 
Orange, California 92665. 

Circ le 1306 on Reader Serv ice Card . 
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NEW 
products 

touchtone decoder kit 
Engineering Consulting has announced the 

model TSD4-digi t sequential touchtone IDTMFt 
decoder for mobile and base station use. Each 
board can have a unique 4-digit user program-
mable access code. The board will install in most 
VHF /UHF and HF gear, al lowing alarm or mute 
functions to be implemented. Typical applica-
tions inalude muting the atidio circuit until a valid 
4-digit code is received. A n alarm can be 
sounded upon receipt of the access code to alert 
the operator that someone is calling on the chan 
nel, wi thout having to listen for your call sign. 

The model TSD decoder is easy !o install in 
any 12-volt radio. Speaker audio or low-level 
audio may be used to listen to the tones. A n 
open collector transistor provides the output 
control to switch a small relay or alarm device. 
Either momentary or latching control is provided 
wi th jumper selection. Upon receipt of the access 
code a latch or momentary pulse is provided. 
Send the code again and the latch will reset. The 
TSD is available wired and tested f rom Engineer 
ing Consulting for $59.95. 

For further information, contact Engineering 
Consulting, 583 Candlewood Street, Brea, 
California 92621. 

Circle J305 an Roador Service Card. 

super CW 
Super-CW, a CW audio processor from 

Hildreth Engineering, includes an 8th order 
But terworth cascade of staggered pairs to pro 
vide excellent skirt rejection wi thout excessive 
response to impulse'noise. The 3 dB passband 
is f rom 700 to 800 Hz wi th a 3 to 30 dB shape 
factor of less than 3. 

More than just a filter, the unit features an S / N 
BOOST funct ion, which is driven by the pre fil 
ler, to provide a signal to noise ratio enhance 
ment of over 10 d 8 as compared wi th the linear 
filter position. It does this for signals that are well 
below the noise in a typical 3 kHz audio band 
width. This boost circuitry uses compound-com 
plex f i l ter/ l imiter/ f i l ter elements wi th added 
active circuits (patent applied lor) that creates 
S / N enhancement for CW - or any pulse-code 
modulation (PCM) signal - analogous wi th thai 
enjoyed by FM communications systems. A sec 
ond and vely important benefit is eat protection. 
When in the S / N BOOST position, the sudden 
onset of strong signals or noise pulses just can't 
happen. You get a clean, distort ion free signal 
at a sound pressure level uniquely determined 
by the AF GAIN control. 

A 2 watt power amplifier w i th a controlled 

voltage gain of 25 is included to allow a reduc-
tion in receiver RF gain, which reduces the ten 
dency toward non-linear disturbances in your 
receiver's IF and/or product detector when lis 
tening to a weak signal under the condit ion of 
strong signal QRM outside of the 700 to 800 Hz 
passband. The unit receives its input f rom your 
receiver's speaker output. Power supply require-
ments are 12 to 15 VDC at a nominal 350 m A 
peak. The unit wil l drive a 4 to 8 ohm speaker. 

For more information, contact Hildreth Engi 
neering Corporation. P.O. Box 60003, Sunny-
vale. California 94088. 

Circle /303 on Reader Service Card. 

filters for TS-940S 
Matched sets of filters for the Kenwood 

TS-940S are available from International Radio, 
Inc. The SSB-2.1 kHz set consists of one 8.83 
MHz, 2.1 kHz drop-in, 8-pole crystal filter and 
one 2,1 kHz 455 kH? 8-pole crystal filter I wired 
in). This matched sel wil l provide an overall 
system selectivity of 2.0 kHz at 6 dB and 2.5 kHz 
at 60 dB. The shape factor is 1.25. 

The CW 400 Hz matched set consists of one 
drop-in 8.8 MHz 400 Hz 8 pole crystal filter and 
one drop-in 455 kHz filter, for system selectivity 
of 400 Hz at 6 dB and 700 Hz or less at 60 rJB. 
The shape factor is 1 75 or less. 

Sots are priced at $139.00 each, or $260 for 
both. All crystal filters are guaranteed for two 
years. Quantity discounts are available. 

For further information, contact International 
Radio Inc., 364 Kilpatrick Avenue, Port St. Lucie. 
Florida 33452, 

Circle f304 on Reader Service Cord. 

solar breakthrough 
The ENCON Corporation has introduced the 

first commercially available amorphous l lhin film) 
photovoltaic to the Amateur Radio marketplace. 
Genesis,'" a state-of I he-art 5-watt PV module, 
represents a breakthrough in solar cell technol 
ogy. Typical applications for the new modules, 
which may be wired together for increased 
power, include battery maintenance on ham 
equipment, recreational vehicles, and boats. The 
modules can produce enough power for tele 
communicat ion from QRP stations, security 
equipment, and some home lighting, 

Manufactured by ARCO Solar, the Genesis is 
designed for easy use. Convenient front mount 

Complete Line of 
Satellite Receiving Systems 

SPS 
San Pierre, IN 

(219) 828-7255 — 828-3091 
• 170 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 
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Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" lor 30 years, no rig 

too old or new lor us. 

4033 Brownsville Road 
Trevose, Pa. 19047 
215-357-1400 



NEW 
products 

ing holes and a long lead wire make the Genesis 
module easy to install and use. Modules bolt 
directly to almost any secure surface and pro-
duce power even in low or diffused light. Power 
specifications for the Genesis include: voltage 
at maximum power, 14.5 VDC; current at maxi-
mum power, 0.35 amperes; open-circuit voltage, 
20.8 VDC; and short-circuit current, 0.435 am-
peres. Carrying a one-year warranty and retail-
ing for under $100, its advanced technology pro-
vides an affordable solar alternative accessible 
to everyone. 

For more information, contact ENCON Cor-
poration, 27600 Schoolcraft, Livonia, Michigan 
48150. 

Circle *302 on Reader Service Card. 

pico hook adapter with 
wire/cable plug-on capability 

Designed specifically for narrow test contact 
access, the E-Z HOOK P-25 "pico Hook" adapter 
features an ultra-thin blade and housing to allow 
connector stacking and ease of use. while allow-
ing the flexibility of independent wire and cable 
assembly. 

f y M i i i i | i i l i l l f ' i j i l i 

Incorporated into the design is a one-piece, 
gold-plated beryllium copper conductor and 
hook for assured signal accuracy, qualified to 
MIL-G-45204. The P-25 permits connection to 
3.025-inch square or 0.030-inch round push-on 
umpers and is designed for connection directly 
to a single leg of a DIP or other components 
Mi ich have a maximum diameter of 0.025 inch. 

Lightweight and Finger eze Hypo Action per-
mit hook-up to delicate wires where weight and 
leverage may otherwise damage components. 
The barrier on the tip prevents shorting between 
DIP legs. A durable plastic body and plunger, 
and stainless steel compression spring provide 
approximately eight ounces of contact pressure. 

For details, contact E-Z hook, Inc., P. 0 . Box 
450. Arcadia. California 91006-0450. 
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market 
RATES Noncommercial ads 10C per word; 

commercial ads 60e per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

CX7 REPAIRS. 415-549-9210 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft, PO Box 412. W. Sand Lake. NY 
12196. 

HOUSE READY FOR HAM. Beautiful mountain top all brick 
4 bedroom. 3 full batti home and radio site on one acre land-
scaped. private, with huge inground pool. Located 55 miles 
from Washington, DC and 60 miles from Baltimore, easy com-
mute by Amtrack or van pools. Extremely energy elficient brick 
home, full basement and other extra rooms, radio room. All 
cable, poles, antennas, lire alarm system and intercom system 
stay. Must see to fully appreciate. Call or write to receive free 
written details of all leatures, $250,000. (301) 371-7521. John 
Murray, Box 290, Jefferson, Maryland 21755. 

PROGRAMMED EPROMS&PROMS: 82S23/123,82S126/129 
fusable link $6.00 each; 2708, 2716 (+ 5v), 2732 (+ 5v) 
EPROMS $9.00 each postpaid. Send coding list, hexadecimal 
format to Douglas Hall, 6434 Melia Street, Springfield, VA 
22150. 

CUSTOM MADE embroidered patches. Any size, shape, 
colors. Five patch minimum. Free sample, prices and order-

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 
Karin Ueber 
Posttach 2454 
0-7850 loerrach 
West Germany 
Ham Hadio Belgium 
Si eroo house 
Brussetsesieenweg 416 
8-9210 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
NL 7800 A r Em men 
Holland 

Ham Radio Europe 
Box 2084 
S i 94 0? Upplands Vasby 
Sweden 
Ham Radio France 
SM Electronic 
20 Dis Ave des Cianons 
F89000 Auxerre 

Ham Radio Germany 
Kaiin Ueber 
PosWach 2454 
D 7850 Loerrach 
West Germany 

Canada 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices in Canadian funds 
1 yr $29.95. 2 yrs. S5.1 30 
3 yrs $75.40 

Ham Radio Italy 
Via Pordenone f 7 
1-20132 Milano 
Italy 

Ham Radio Switzerland 
Kann Ueber 
Posifach 2454 
0-7850 Loerrach 
West Germany 

Ham Radio England 
do R S .G .Q 

Alma House 
C ran borne Road 
Polters Bar 
Herts EN6 3JW 
England 

Holland Radio 
143 Greenway 
G'eenside. Johannesburg 
Republic of South Atnca 

ing information. Hein Specialties, Inc., Dept. 301, 4202 N. 
Drake, Chicago, IL 60618. 

RECLAIM SILVER from electronics scrap! Write RALTEC, 
25884F Highland, Cleveland, OH 44143 

COMPUTERIZE YOUR IC-720. Keyboard frequency entry, 64 
memories, scanning, (frequency, memory, and mode), many 
more features. Requires no interface, just cable — directions 
included. For Commodore 64, Cassette $14.75, disk $16 75, 
ppd Cables also available. David Oliver, W900K, Rt. 2, Box 
75A, Shevlin, MN 56676. 

CUSTOM EMBROIDERED Emblems - Cloisonne ' enameled 
pins, your design, low minimum, excellent quality, free booklet. 
A T. Patch Co., Dept. 65, Littleton, NH 03561. (603) 444-3423. 

HAMSWAP Newsletter. Send us your Free Ad Include 
phone. Buy/Sell/Trade. Subscriber equipment discounts. 12 
issues $9 00. HamSwap, PO Box 420171, Sacramento, CA 
95842. 

WINDMILL & TOWER: 1978 Dunlite 2000 watt windmill, 110' 
Rohn 45G tower with new concrete anchors, 110V - 220 amp 
battery bank, converter, loading switch. Complete system only. 
$4,995.00 (518) 623-9951. Box 196, HCR-01, Warrensburg, 
NY 12885. 

TRS-80 Model I/lll/lV owners. HF antenna design program 
calculated dimensions for dipole, Vagi, and quad antennas. 
$14.95 (cassette) + $2.00 sah to Cynwyn, Dept. H, 4791 
Broadway, Suite 2F, New York, NH 10034. 

MILITARY RADIOS: CPRC-26 Manpack Radio (described in 
March 1985 Ham Radio). Transceives 46-54 MHz, with bat-
tery box, antenna, crystal, handset: $22.50 apiece, $42.50/ 
pair, good condition. R-390A Receiver. 5-32 MHz all modes, 
4 mechanical filters, meters sealed (government removed, 
operation unaffected): $175 complete/checked; spair parts unit 
(80% complete, missing PTO/IF): $65. Info SASE. CPRC-26 
add $4/unit shipping. R-390A shipping charges collect. 
Baytronics, Dept. HR, Box 591, Sandusky, Ohio 44870. 
419-627-0460 evenings. 

FOR SALE: Hallicratters SX-100 communications receiver. 
Antique collectors item. Good condition $139 or test offer. 
Gerry Nemetz, W4NEX, 8202 Beechwood Drive, Lynchburg, 
VA 24502. (804) 239-7789. 

3-500Zs @ $70 00 each, new, 50 year collection tubes. Ad-
vise requirements, W5QJT, PO Box 13151, El Paso, TX (915) 
532-2509 

MINT ROBOT 400. First sync modification. Instruction book 
and original box. I ship $275 firm. Jim Valentino, KW2W, PO 
Box 438, Mastic Beach, NY 11951. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdat© Way, San Diego. CA 92117. 
SASE brings information. 

CHASSIS and cabinet kits. SASE K3IWK. 

IMRA, International Mission Radio Association, helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmont, NY 10538. 

ELECTRON TUBES: Receiving, transmitting, microwave... 
all types available. Large stock. Next day defivery, most cases. 
Daily Electronics, PO Box 5029, Compton, CA 09224 (213) 
774-1255. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index, P.O. Box RY, Cardiff, CA 92007. 

HOW TO CONVERT any cassette tape player to a message 
sender and automatic IDer for repeater or base station. For 
complete plans send $5.00 plus 229 stamps to: Jesse 
Hernandez, Box 322, Memphis, TX 79245 WB5MVP. 

NEEDED: Schematic and alignment procedure for Swan 
70OCX Xcvr. Paul Migiiore, AK2X, 1102 Drummond Ave., 
Asbury Park, NJ 07712. 

CABLE TV EQUIPMENT. Jerrotd, Hamlin, Zenith — many 
others. Factory Units/lowest dealer pnces. Complete illustrated 
catalog $2.00. Pacific Cable Co., Inc , 7325V* Reseda Blvd., 
Dept. 1004, Reseda, CA 91335. (818) 716-5914. 

WANTED: Xtal 6M-FM transceiver (Regency, Genave, com-
mercial, etc.). State asking price, condition, specifications. 
Barry Ornitz, WA4VZQ, 4740 Edens View Road, Kingsport, 
TN 37664. 

VIC-20 phone patch. Build your own simplex autopatch for 
less than $50 using your own transceiver and VIC-20 or Com-
modore 64. For full documentation and program cassette tape, 
send $20 to: KIE Enterprises, PO Box 72, Running Springs. 
CA 92382. (714) 867-7120. 

SELL Cable TV descramblers, converters, remote tuners. 
Dealers wanted, Part or Kill time. Work from home. No ex-
perience necessary. Full details. P.G. Video Corp., 61 Gatchell 
St., Dept. HR, Buffalo, NY 14212 

OLD RADIO transcription discs wanted. Any size, speed. 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724. 

ANTIQUE RADIOS, schematics, tubes and literature. Send 
SASE to VRS(HR), 376 Cilley Rd., Manchester, NH 03103 foi 
large list. 

FOR SALE: Heath HW-101/P.S. $225, HBO descrambler filter 
schematic $2 00 SASE to J C , PO Box 6349, Evansville, IN 
47712. 

SIGNAL GENERATORS: URM-25D, 10 kHz thru 50 MHz 
$245.00; URM-26B, 4 MHz thru 405 MHz $245.00; HP614A, 
900 MHz thru 2100 MHz $345.00; HP618B, 3.8 GHz thru 7.6 
GHz $375.00; HP608C 10 MHz thru 480 MHz $345.00; 
T&-510/U, 10 MHz to 420 MHz $295.00, all lab calibrated, have 
good stock so order today. We accept M/C, VISA, or check, 
FOB Otto. Immediate shipment. Phone Bill Step 704-524-7519, 
Step Electronics Company, Highway 441, Otto, NC 28763. 

Coming Events 
ACTIVITIES 

" P l a c e s t o g o . . . " 
KENTUCKY: The Central Kentucky ARRL Hamlest, spon-
sored by the Bluegrass ARS, Sunday, August 11, 8 AM to 5 
PM. Scott County HS. Longlick Road and US 25, Georgetown. 
Tech lorums, license exams, awards and exhibits. Air condi-
tioned facilities Free outdoor Ilea market space. Tickets $3.50 
advance and $4.00 at gate. Talk in on 76/16. For information 
or tickets SASE to Scott Hackney, KI4LE, 629 Craig Lane, 
Georgetown, KY 40324. 

PENNSYLVANIA: The Tioga County Amateur Radio Club's 
9th annual Hamlest, Sunday, August 18, Island Park, 
Blossburg. 9 AM to 5 PM. VE's will give walk-in exams. Foi 
information write TCARC, PO Box 56, Mansfield, PA 16933. 
Flea market, dealers, park and pool, snack bar. Admission 
$3.00. Spouse and kids free. Talk in on 146-19/79,146-52/52 
and CB. For information: Durwood Learn, WB3DKZ, 11 Bryden 
Street, Wellsboro. PA 16901. (717) 724-5613. 

TEXAS: The Austin ARC and the Austin Repeater Associa-
tion in conjunction with the Texas VHF-FM Society announces 
the third annual Austin Summerfest, August 2.3 and 4, Austin 
Marriott Hotel, 1-35 and US 290, Austin. Seminars, QCWA 
hospitality suite, dealer displays. FCC exams for all classes 
Saturday. Ladie's programs. Austin's "Aquafest" is this same 
weekend and will provide additional entertainment. Registra-
tion $5 advance, $7 at the door. Persons under 18 admitted 
free. Swapfesl tables available starling 6 AM Saturday at $1 
per table, limit two. Talk in on WA5YAN/R 146.34/94. For more 
information: Austin Summerfest, PO Box 13473, Austin, TX 
78711. 

PENNSYLANIA: The 48th annual South Hills Brasspounders 
and Modulators Hamfest, August 4, 9 AM to 4 PM, South 
Campus, Community College of Allegheny County, Pittsburgh. 
Tickets $3 each. 2/$5. Oscar, RTTY and packet radio forums. 
Flea market. Talk In on 146.13/73 and 146.52 simplex. For 
more information: Bill Gardiner, 4756 Child Drive. Pittsburgh, 
PA 15236. 

INDIANA: The annual Bloomington Hamfest. Sunday, 
September 1,147.18/ 78 repeater site, Vernal Pike off SR 37 
bypass. 8 AM to 2 PM. Admission $2.00. Food concession. 
No charge tor setups, bring your own tables. For more infor-
mation: Bob Myers, K9KTH, 306 S. Fairview Street, Bloom-
ington, IN 47401. SASE or dall (812) 332-1105 

INDIANA: The 6th annual Grant County Amateur Radio Club 
Hamfest, Sunday, August 11, 4H Fairgrounds, Marion. Doors 
open 8 AM. Refreshments, free parking, license exams Table 
reservations $2/8' table. Donation $2.00 advance. $3.00 gate. 
For more information SASE to WB9EAP, Brooks Clark. 2202 
South Boots Street, Marion, IN 46953. 
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WASHINGTON: Tacoma Hamfair, sponsored by the Radio 
Club of Tacoma. August 17 and 18, Pacific Lutheran Univer-
sity. Tacoma. Tech seminars, forums, travelogs and more. 
Large flea market. License exams, send 610 to W7BUN. 
Registration $5.00. Dinner $8 00. Flea market table $15/day; 
$20/2 days includes one registration. Register with Grace 
Tietzel, AD7S, PO Box 45079, Tacoma, WA 98445 or call Eva 
Anderson, WB7QNS, {206) 564-8347. 

OHIO: 43rd annual Findiay Hamfest sponsored by the Findlay 
Radio Club at the Hancock County Fairgounds. Sunday, 
September 8, 6:30 AM to 5 PM. Advance tickets $3.00 by 
September 1. At the door $4.00. Tables $6.00 each. Outdoor 
flea market spaces $3.00 each. Talk in on 147.75/15. For more 
information write Findiay Radio Club, PO Box 587, Findlay, 
Ohio 45839. 

MISSOURI: The St. Charles Amateur Radio Club's Hamfest 
'85, August 25, St. Charles City Hall complex, 200 North 2nd 
Street, St. Charles. Giant flea market, commercial vendors, 
XYL programs, FCC exams, food available. All under cover. 
Parking $1.00, tickets $1.00 advance; $1 50 door. Talk in on 
146.07/67 and 146.52. Tickets from WD0CZE, 121 8arkwood 
Trail, St. Charles, MO 63303. 

CALIFORNIA: Valley of the Moon Amateur Radio Club's fifth 
annual "Ham" breakfast and swapmeet, Sunday, August 11, 
Sonoma Community Center, 276 East Napa Street, Sonoma. 
9 AM to 4 PM. Breakfast 9 to 11:30 AM. Sausage, eggs, pan-
cakes. 'taters, o.j. and coffee, all you can eat for $5.00! Swap 
tables setup starts 8 AM, spaces $5.00 each. Better bring your 
own tables. Open auction at 1 PM. Surrounding points of in-
terest for the whole family. Admission $1 .(X). For reservations 
or more information: Darrel Jones, WD6BOR, 358 Patten St.. 
Sonoma, CA 95476 (707) 996-4494. 

VERMONT: The annual BARC International Hamfest. August 
10 and 11, Old Lantern Campgrounds, Charlotte. $4.00 both 
days. Children under 12 free. Outdoor flea market space 
$2.00. Indoors $5.00. RC model airplane show. CAN-AM tug-
o-war Talk in on 34/94, 01/61 and 52. Queries to Roger, 
WA10ZE; fiea market info Bob, W1DQO. Both at Box 312, 
Burlington, VT 05402. 

ILLINOIS: The Shawnee Amateur Radio Association is spon-
soring SARA Hamfest '85 Sunday, September 8, John A. 
Logan College Gym, Highway 13 near Carterville. New equip-
ment and computers, ladies' activities, displays, flea market, 
crafts. All inside. FCC exams Sunday AM. Lunch available. 
Admission $3.00. Talk in on 146.25/.85,146.52 simplex, 3.925 
MH2. For information. Shawnee ARA, 502 West Kenicott, 
Carbondale, IL 62901 (618) 457-7586. 

1965 BLOSSOMLAND BLAST, Sunday, October 6, 1985 
Write "BLAST", PO Box 175, St. Joseph, Ml 49085. 

MAINE: The 1985 Windsor Hamfest, Saturday, September 7, 
Windsor Fairgrounds. Flea market, programs, speakers, dis-
tributors. and the traditional Saturday bean and casserole sup-
per. Gate donation $1.00. Camping $3.00 per night; $5.00/ 
2 nights. Talk in on 146.22/82 repeater. For information: Ron 
Dishman, N1CMZ, 37 Marlboro Avenue, Augusta, ME 04330. 
(207) 623-8351 

NEW JERSEY: The Ramapd Mountain ARC, WA2SNA, 
presents its 9th annual fiea market, August 17, Oakland 
American Legion Hall, 65 Oak Street, Oakland, 20 miles from 
GW bridge. Admission $1.00. Non-ham family members free. 
Indoor tables $6.50. Tailgating $3.00. Talk in on 147.49/146.49 
and 52. For information: Tom Risseeuw, N2AAZ, 63 Page 
Drive. Oakland, NJ 07436. Tel. 337-8389 after 6 PM. 

WISCONSIN: Green Bay Mike & Key Club's Summer 
Swapfest, Saturday, August 17, Ashwaubenon Community 
Center, Anderson Drive across from Baypark Square Mall. 
Free admission and parking. Doors open 8 AM. Sellers 7 AM. 
Buy, sell, trade. Reserved 8' tables $5 00. Limit 4. SASE with 
check to Green Bay Mike & Key Club, Bill Johnson, N9CNO, 
2177 Orrie Lane, Green Bay, Wl 54304. (414) 494-8948. 

MISSOURI: The Ozarks Amateur Radio Society's 4th annual 
Congress & Swapfest, Sunday, September 8, City Park, Jet. 
of US 60 and Highway 37, Monett. Swapfest 11:00 AM. Buffet 
dinner 1:00 PM. No tickets necessary. All Amateurs and 
families welcome. Talk in on 146.37/ 97, 146.52 and 7.250 
MHz. For information: Ozarks Amateur Radio Society, Box 
327, Aurora, MO 65605. (417) 678-5330. 

GEORGIA: Augusta Hamfest, September 15. Dealers and 
tailgaters welcome. Food and drinks available. ARRL/VEC 
exams 8 AM. Tickets $1.00. 6/$5,13/$ 10. Talk in on 34/94. 
SASE to Bill Hardin, 4430 Forrest Drive, Martinez, GA 30907. 
(404) 863-4360 

INDIANA: The Tippecanoe Amateur Radio Association's 14th 
annual Hamfest, Sunday, August 18, Tippecanoe County Fair-
grounds, Teal Road and 18th Street, Lafayette. Grounds open 
7 AM. Tickets $3.00. Large flea market, dealers, refreshments 
and fun. Talk in on 13/73 or 52. For tickets or information: 
Lafayette Hamfest, Route 1, Box 63, West Point, IN 47992. 

ILLINOIS: Boiingbrook Amateur Radio Society's B.A.R.S 
Hamfest '85, Sunday, September 8, Santa Fe Park, 91 st and 
Wolf Road, Willow Springs. Advanced registration $2.00. $3.00 
at the gate. Talk in on 147.33/93 and 146.52. For information: 
Ed Weinstein, WD9AYR, 7511 Walnut Ave., Woodridge, IL 
60517. (312) 985-0527 

MICHIGAN: The Grand Rapids Amateur Radio Association's 
annual Swap and Shop. Saturday, September 21, Hudson-
ville Fairgrounds. Dealers, indoor sales area, outdoor trunk 
swap, concession. Gates open 8 AM. Talk in on 146.16/76. 
For information: Grand Rapids ARA, PO Box 1248, Grand 
Rapids, Ml 49501. 

PENNSYLVANIA: The Skyview Radio Society's annual 
Hamfest, Sunday, September 16, Clu Grounds, Turkey Ridge 
Rd., New Kensington. Noon to 4 PM. Registration $2.00. 
Vendors $4.00. Talk in on 146.04-.64 and 52. 

PENNSYLVANIA: The Central Pennsylvania Repeater 
Association's 12th annual Hamfest/Computerfest, August 25, 
adjacent to Hersheypark, Chocolate Town, USA. Registration 
$3.00. Children 12 and under free. Special reduced admis-
sion to Hersheypark for registrants and families. Large indoor 
dealer and flea market. Large outdoor tailgate area. Food and 
refreshments. Talk in on 145.47 repeater or 146.52 simplex 
WA3KXG. For information: Paul W. McDonnell, N3BKI, (717) 
697-1880, noon to 8 PM. 

PENNSYLVANIA: The Uniontown Amateur Radio Club 
(W3PIE) will hold its 36th annual Gabfest.Saturday, September 
7, Club grounds, Old Pittsburgh Road, Uniontown. Registra-
tion $3.00 or 2/$5.00 Free Parking — Free Coffee — Free 
Swap & Shop with registration. Talk in on 147.645-.045 & 
144.57-. 17. For information: John Cermak,WB3DOD, U.A.R.C. 
Gabfest Committee, PO Box 433, Republic, PA 15475. (412) 
246-2870. 

VIRGINIA/WEST VIRGINIA: The Bluefield Hamfest, spon-
sored by the East River Amateur Radio Club, will be held 
Sunday, August 25, Brushfork Armory Civic Center, 1 mile 
north of Bluefield, WV. 9 AM to 3 PM. Admission $4.00. 
Children under 12 free. Large indoor flea market, satellite TV 
and various specialty dealers. Paved parking, food on site, 
other activities. Walk in license exams 9 AM. Bring copy of 
license and completed 610 Form. $4.00 fee. Talk in on 
144.89/145.49 and 146.52. For information: Jim Perdue, 
KC8NG, Rt. 5, Box 457, Bluefield, WV 24701. 

NEW YORK: The Putnam Emergency Amateur League 
(PEARL) will have its annual Electronics Extravaganza, August 
17,9 AM to 4 PM. J.F, Kennedy Elementary School. Brewster, 
Admission $2.00. Tables $5.00. Walk in VEC exams. For table 
reservations and information: R. DiOion, N2EFA, RFD 7, Noel 
Court. Brewster, NY 10509. Talk in on 144.535/145.135. 

ALABAMA: The Huntsville Hamfest. Saturday and Sunday^ 
August 17 and 18. Von Braun Civic Center in Huntsville. Free 
admission. Exhibits, forums, air-conditioned indoor flea market 
and non ham activities Walk in FCC exams 9 AM Saturday, 
August 17. Family tours of the Alabama Space & Rocket 
Center available. Some camp sites with hookups available, 
first come, first served. Reserved flea market tables $5/day. 
For more information: Huntsville Hamfest, 2804 S. Memorial 
Parkway, Huntsville, AL 35801. 

PENNSYLVANIA: The Mid Atantic Amateur Radio Club's 
annual Hamfest, Sunday, August 11,9 AM to 4 PM, rain or 
shine, Bucks County Drive-In Theater, Rt. 611, Warrington. 
Admission $3.00 + $2.00 for tailgating. Setup starts 8 AM. 
Bring your own table. Plenty of parking, refreshments. Talk 
in on WB3JOE/R, 147.66/.06 or 146.52. For information: 
MARC, PO Box 352, Villanova, PA 19085 or call Bob, 
WA3PZO (215) 449-9727. 

ARKANSAS: The 16th annual Queen Wilhelmina Hamfest, 
Queen Wilhelmina State Park, September 7 and 8. This beauti-
ful state park facility on top of Rich Mountain near Mena, offers 
family fun and relaxation. Free admission, dealer display, 
Saturday night banquet, $7.00, camping, tailgating, fiea 
market, miniature golf, wild life zoo, new playground, miniature 
train ride, ladies' tour. Talk in on 146.19/ 79. For information: 
John Harris. KC5XK, 5018 S. 9th, Ft Smith AR 72903. 

ILLINOIS: Vermilion County Hamfest, August 25, W9MJL 
Clubhouse, Harrison Park West. Danville. Donation $1.50 at 
gate; $1.00 advance. Saturday evening steak cookout, 

$5.00/reservations. Talk in on 146.22-82. For information and 
reservations: Joe Mayer. KB9GS. 613 E. Kelly, Box 356. 
Westville, IL (217) 267-2946. 

OPERATING EVENTS 
"Things to do..." 

Riding Radio Operators — Amateur Radio Motorcycle Club 
Net meets every Thursday night at 0300 UTC at 3888 kHz 
standard time and 7237.5 kHz daylight saving time. An eastern 
USA group meets one hour earfier at 3888 kHz year-round. 
Send business SASE to AG3N, Gary McDuffie, Rt. 1, Box 464, 
Bayard, NE 69334 and ask for net information. 

September 4: Howdy Days. Eligibility — all licensed women 
operators throughout the world Operations — all bands and 
modes. No cross band. Station counted only once. Exchange 
— YLRL member or non YLRL member. Score 2 points for 
each YLRL member worked and 1 for non YLRL member. All 
logs must show YLRL membership or not, score and must 
be received by October 4,1985. Send to Marty Silver, NY4H, 
3118 Eton Road, Raleigh, NC 27608. 

August 18: The DuPage Amateur Radio Club will operate 
special event station W9DUP from the War Museum sub-
marine, U.S.S. Silversides, Navy Pier in Chicago. 1300Z 
August 18 to 02002 August 19. For a special submarine QSL 
card, SASE to W9DUP, PO Box 71. Clarendon Hills, IL 60514. 

August 17: 26th annual New Jersey QSO Party: 2000 UTC 
Saturday, August 17 to 0700 UTC Sunday, August 18 and from 
1300 UTC Sunday, August 18 to 0200 UTC Monday, August 
19 Phone and CW are considered same contest but separate 
bands. Station may be contacted once on each band. Sug-
gest phone activity on even hours; 15 meters on odd hours. 
Exchange QSO number, RST, and QTH. NJ stations send 
county for QTH. Send logs and comments to: Englewood 
Amateur Radio Association, PO Box 528, Englewood, NJ 
07631-0528. Include #10 SASE for results. 
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THE GUERRI REPORT. 
surface-mounted 
components 
improve circuit designs 

The traditional approach to printed 
circuit board design has been to lay out 
the board so that component leads go 
through holes in the board and are sol-
dered to pads on one or both sides of 
the board. A technique first developed 
in the mid-1970's, using Surface 
Mounted Components (SMCs), has 
finally caught on, and achieves 
dramatic improvement over standard 
PCB designs. In the new approach, 
the PCB is designed for the same func-
tional application, but the components 
are all mounted directly on the surface 
of the circuit paths themselves — no 
holesI All of the components are 
designed with short, flat leads that are 
flush with the PC path. This technique 
is particularly useful for RF circuits 
because lead lengths are dramatically 
shortened, thereby reducing parasitic 
inductance and capacitance, and im-
proving EMI/RFI problems. Proper 
design of the components can main-
tain the impedance integrity of stripline 
designs right into the active region of 
the component. Circuits using this ap-
proach at 1200 to 1500 MHz give per-
formance nearly as good as their low 
frequency counterparts. Let's hope 
that this attracts some real attention to 
the development of more equipment 
for the 1200 MHz Amateur band! Addi-
tionally, manufacturing costs are sig-
nificantly reduced and reliability is im-
proved. Circuit densities can be in-
creased by 30 to 50 percent, resulting 
in considerable reduction in size, for 
use in complex equipment. The techni-
que is particularly well suited to full 
automated production, and high vol-
ume producers such as the audio and 
TV industry are now regularly deliver-
ing products incorporating this ap-
proach. We should see the first uses 

of this improved technique in Amateur 
equipment in the immediate future. 

computer-aided everything 
The flood of information that seems 

to fill everyone's mailbox these days in-
cludes an increasing amount of data 
promoting the ways in which a com-
puter can make each of our personal 
endeavors a snap. Productivity is the 
magic word, but much of what's of-
fered seems to actually add complexity 
to such nominally simple tasks as 
home budget management. 

This is not the case with computer-
aided engineering, design, and manu-
facturing — CAE, CAD, CAM as 
they're called. Each of these tasks nor-
mally involves thousands of steps, 
each of which must be executed ex-
actly, in complete compliance with 
design rules, and in concert with other 
phases of the process. All must be 
organized so that the final product is 
technically and physically correct, and 
on time. Modern product development 
cycles are frequently so short that 
there would be no way to do all the 
necessary steps by hand. 

Take the example of designing a 
new computer chip. Such a chip may 
have a complex architecture, and 30 to 
40 thousand active elements. By using 
computer-aided techniques, the 
design rules for circuit interconnects, 
layout, propagation delays, etc., can 
all be simultaneously considered every 
time a single change is made. A CAE 
tool called a "silicon compiler" actually 
contains the design rules for making 
the IC masks stored in computer mem-
ories. As the system architect and 
design engineer work on the chip's 
functional characteristics, the silicon 
compiler automatically includes the 
necessary semiconductors, routings, 
chip real-estate and thermal character-
istics in the final design. Using these 
techniques, three employees of a 
major computer manufacturer were 

able to design a 32-bit minicomputer 
chip set (including nearly 40,000 tran-
sistors) in less than a year. 

It's been estimated that there are 
fewer than 5000 integrated circuit 
designers in the entire world. With the 
design tools offered by CAE and CAD 
systems, at least half of all electronic 
engineers could participate directly in 
the design of semi-custom ICs. 

The prospects for even more dra-
matic advances in electronics are thus 
enhanced by the broad participation of 
another half-million or so engineers 
whose creativity is now frustrated. 

microwaves cook rocks 
The success of commercial mining 

operations depends on assessing the 
extent to which rocks bearing suffi-
cient quantities of desired material can 
be processed. Therefore, the quantity 
of desired ore per ton of rock is an im-
portant measure of the ultimate finan-
cial value of the process. Because one 
of the major problems in ore process-
ing is keeping impurities out of the 
desired product, complex — and 
therefore expensive — steps must be 
taken to resolve these problems. 

A new technique developed by a 
Colorado company may represent a 
major breakthrough in this field. 
Recognizing that each element has an 
atomic structure that can be excited by 
external energy sources, the company 
has devised a technique for illuminat-
ing rocks containing various elements 
with microwave energy matched to 
the resonant frequency of the element. 
The result is an ability to selectively 
melt desired material and leave sur-
rounding material and impurities 
"cool" and undisturbed. Although the 
energy expenditure/recovery ratio is 
not obvious, the technique merits 
watching as yet one more example of 
RF in the "workhorse" environment. 

ham radio 
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it can happen to anyone 
One of the more pleasurable obligations of working in the Amateur Radio industry is keeping up-
to-date on all the latest equipment, accessories, and doo-dads that come along. 

One night not too long ago I took one of the newest radios home to do a little informal testing. 
Like most radios on the market today, this one is loaded with just about every feature you'd want 
to have. In fact, if it had legs, I guess it would walk the dog in the morning — if I remembered to 
set the timer the night before. After making up all the cables and installing the radio, I sit down to 
make its acquaintance. All goes well for the first few minutes . . . signals are strong and the radio 
operates flawlessly. Until, that is, I decide to QSY to the broadcast band to listen to the local news. 

The radio goes dead. 
My first reaction is to assume I'd either turned the wrong knob or pushed the wrong button, so 

I run through the standard drill of trouble-shooting: punch every knob and turn every button to see 
if that solves the problem. Five minutes of this pass, and the problem is still t h e r e . . . the radio is dead. 

Now what? "Back to the manufacturer," I sigh, and off I go to bed. It's late, and I'm completely 
discouraged. "Why can't they build something that works?" I complain to my sleeping XYL. I am 
utterly discouraged. 

After I turn out the light, and I'm lying there waiting to fall asleep, I ask myself, "D id I try the 
squelch?" I'm not sure, so I throw on a robe and head for the door. My wife stirs in her sleep, pulls 
the covers to her side, and murmurs something good-naturedly unintelligible. I run downstairs, turn 
on the radio, set it to the broadcast band, and wait for the problem to reappear. It does, I turn off 
the squelch. 

BINGO. 

The bottom line, I guess, is that problems like this can strike us all. From Novice to Extra, no one 
is immune. The increasing complexity of our world — and of Amateur Radio — makes it hard to 
be fully expert on the many different pieces of equipment and in the varied technologies we use. 
So when a problem occurs, all we can do is walk through a step-by-step check of each and every 
control to determine whether it's really an equipment problem or just another embarrassing incidence 
of "cockpit error." If the malfunction escapes this scrutiny, then we can consult the owner's manual 
to see if the problem is one that the manufacturer has already anticipated. If this step fails, we can 
check with the dealer to see what he has to say. (Most likely, he'll be thoroughly equipped to handle 
the problem.) 

My point is that sending equipment back to the manufacturer is always the action of last resort. 
Yes, the manufacturer has a skilled service staff to troubleshoot and repair equipment. But as Joe 
Carr, K4IPV, points out in his new ham radio column (see page 67), as much as 40 percent of the 
equipment that lands on the benches of professional service technicians has absolutely nothing wrong 
with it! By not taking time to really check things out first, its owners are inconvenienced, off the 
air, and out the cost of packing and postage. 

These newfangled radios sure are nice. But they're a whole different world from the Hammarlund 
HQ-129 and Johnson Ranger I started out with. 

Craig Clark. N1ACH 
Ass is tant Publ isher 
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de W9JUV 

AMATEUR USE OF A GEOSTATIONARY SATELLITE has been proposed by NASA. One of NASA's 
Advanced Communications Technology Satellites (ACTS) is to be made available for use by 
experimenters for a two-year period starting in 1989; Amateur Radio is one of the groups 
that NASA expects to be interested in using it. Uplink band will be 27.5-30 GHz; downlink, 
17.7-20.2 GHz. As these are outside the Amateur bands, it's likely either an STA or 
experimental license will be required for them. The satellite will use highly directive 
antennas aimed at some major population centers, but NASA even suggests Amateurs might use 
repeater techniques to permit others outside the bird's antenna "footprint" access to it. 
Interested Amateurs should request NASA's November 1984 "Notice of Intent" from Ron 
Schertler, ACTS Projects Experiment Manager, MS-54-6, NASA, 21000 Brookpark Road, Cleve-
land, Ohio 44135. 

BROADCASTERS MAY DO ANYTHING THEY WISH WITH AMATEUR TRANSMISSIONS, but Amateurs are 
strictly forbidden to use Amateur Radio in any way that might be construed to benefit any 
"broadcaster." The FCC's Report and Order on BC Docket 79-47 now appears to almost forbid 
such well established Amateur Radio "public service" activities as, for example, any direct 
tie between an Amateur Radio weather net and the U.S. Weather Bureau, since Weather Bureau 
information is "broadcast" on NOAA's 162-MHz weather stations. 

The Redefinition Of "Emergency" in Part 97 Is At The Heart of the problem. Verified 
emergency communications such as "The dam has broken" or "A tornado just crossed the 
river" would still be permitted, of course. What appears to be against the new rules is 
letting an Amateur station in a weather net tell the Weather Bureau "The dam looks shaky" 
or "The sky's getting very dark." Under the new rules, however, nothing would prevent the 
Weather Bureau, broadcasters, or anyone else from monitoring an Amateur Radio weather net 
and using the reports heard in any way they wished. 

A Petition For Reconsideration Has Been Filed By ARRL, asking the Commission to go back 
to the former less stringent definition of "Emergency,""or to temper the new one so it 
won't preclude public service ties between weather nets and the Weather Bureau. 

AUXILIARY OPERATION ON ALL AMATEUR FREQUENCIES except 431-433 MHz and 435-438 MHz has 
been proposed by the Commission in PR Docket 85-715. The present rules restrict auxiliary 
operation (principally control links) to above 220.5 MHz. However, the FCC feels that 
there is no reason, given the present state of the art, that such auxiliary operation 
shouldn't be permitted on the other Amateur bands, as well. 

Comments On PR Docket 85-215 Are Due At The Commission September 24, and Reply 
Comments by October 25. ~ — 

NEVADA HAS JOINED THE SHIFT TO 20 KHZ 2-METER SPACING, except for the Las Vegas area, 
which has traditionally gone along with Southern California. Eastern Nevada will be 
coordinated by the Utah coordinator, and the western part by NARC's northern California 
coordinator. Iowa's council, however, has voted to remain at 15 kHz and the ARRL band-
plan though with a voluntary state-wide tone access system. They also intend shifting 
the 145-MHz repeater subband to 15 kHz spacing in order to pick up additional channels. 

800-MHZ SCANNERS WOULD BE OUTLAWED IN CALIFORNIA under a proposal, SB 1431, presently 
being considered in the state legislature. The proposal, apparently the result of phone 
company concern over the security of cellular communications, has California Amateurs 
worried over possible negative impact on Amateurs. Los Angeles attorney Joe Merdler, 
N6AHU, has been instrumental in delaying the bill's approval, though scanner manufacturers 
haven't seemed very concerned about it. If it becomes law a court challenge seems likely. 

AN 800 NUMBER FOR QUESTIONS ABOUT ITS VEC PROGRAM, including its own or any other 
VEC' s exam schedule, has been installed by DeVry. The number, which is presently access-
ible only in the greater Midwest area, is 1-800-327-2444; A DeVry WATS line covering the 
entire Continental U.S. will be announced in the near future. 

"The Volunteer Examiner," A VE Newsletter created and edited by DeVry VE KI9R, is now 
being distributed by DeVry. An SASE to Jim Georgius, W9JUG, DeVry ARS, 3300 N. Campbell, 
Chicago, Illinois 60618 will bring a sample copy. 

W9JUG's Sunday VE Net Now Meets On 7173 kHz, 1400Z, with a second session at 1800Z. 
"12-12 WORLDWIDE" IS A NEWLY FORMED ORGANIZATION to promote activities on the new 24 

MHz" (12 meter) WARC band. For details send an SAS~E to Steve Walz, WA5UTO, Box 222, 318 S. 
Massachusetts Avenue, Cherokee, Oklahoma 73728, or call him at (405) 596-3487. 

AN FCC CITATION FOR "BROADCASTING1' HAS COST K6KPS $2000. K6KPS, James Brantley, has 
been a problem to 20-meter phone band users for decades, calling CQ but ignoring responses 
and carrying on imaginary QSOs on top of various nets, DX pileups, phone patches, and 
ordinary rag chews with a big signal from the Los Angeles area. Though he's done this for 
years (K6KPS often broke up a 14295 "commuter's net"—in which Presstop editor W9JUV par-
ticipated in the mid-60s) and has been the subject of previous FCC investigations, the 
fine was levied for his operating tactics observed during last December. 
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comments 

new band privileges 
for Novice operators 
Dear HR: 

I was amazed and very pleased to 
see your July Presstop item about the 
proposed upgrading of Novice privi-
leges. I have been a Novice ham oper-
ator since 1979 and am pleased to see 
the prospect of a reward in the form 
of more privileges being considered for 
the Novice class license. 

I would like to encourage all Novice 
operators who read ham radio to speak 
out and let their feelings on this sub-
ject be known to the ARRL and the 
FCC. This may be our only chance to 
assist in changing the long-time rules 
and regulations regarding our hobby. 
It may very well be a turning point that 
will create the interest to save the 
hobby as we know it. 

Allowing the Novice use of phone 
on 10 meters, 220 MHz, and 23 cm can 
only help to encourage us to strive for 
the privileges of the higher grade 
licenses. C W is an entertaining and 
rewarding mode of communication, 
but I believe the Novice license should 
give more to encourage us to seek out 
our full potential as operators. A sim-
ple pat-on-the-back in the form of a 
reward would be all it would take for 
many of us. 

Technicians would, of course, bene-
fit from these new privileges also by 

allowing phone on 10 meters. I might 
go even a step further and suggest not 
only the use of S SB , but even FM for 
both license grades. 

I do not believe for a minute that this 
rule change would degrade the bands 
with "glorified CB operators" because 
the license elements are still sufficiently 
difficult to discourage such abuse. Be-
sides, that era was just a passing fancy 
for many. 

With today's increasing use of digi-
tal communications, the new rules 
would also allow Novices to utilize the 
state-of-the-art computer systems to 
further their knowledge of present-day 
communications. 

All in all, I think it would be foolish 
to not allow us the opportunity to take 
part in this ever growing advancement 
in technology. 

T. Dillingham, KA0DOE 
Aspen, Colorado 

used equipment 
for new hams 
Dear HR: 

Much has been said recently about 
bringing new blood into the Amateur 
Radio hobby, and several articles have 
focused on the wonderful services 
being provided in the public interest, 
convenience, or necessity. All of these 
remarks are laudable, and the two situ-
ations can easily go hand-in-hand. 
Additionally, a few other problems we 
must each face someday can easily be 
solved now, while helping with the first 
two I mentioned: what will become of 
our equipment when we tire of it, or 
leave for the land of the silent key? 
And how can we find replacements for 
the tax loopholes about the run out of 
town on the Amtrak rails? (These re-
marks are addressed to dealers as well 
as the average ham.) 

I suppose we have all seen on the 
"used" shelf at the few remaining 
Amateur Radio stores some piece of 
equipment that could be put to better 
use in a shack somewhere. Perhaps 
we have a piece or two in our attic or 

garage that we haven't really been 
using in the recent past, but hesitate 
to just throw away. Maybe one of our 
senior citizens has some neat stuff that 
his or her surviving spouse will have 
some problem with disposing of in 
some coming period of distress. One 
cure would be to put that gear to good 
use now, getting the tax advantage 
now, providing a service now, and per-
haps helping out some youngster get-
ting started down that primrose path 
we have each delighted in following. 

There are literally thousands of appli-
cations for used equipment in each of 
our hometown areas, and many of 
them are equally deserving of atten-
tion; there is simply no room here to 
list them all, but a few will get your 
minds moving in the right direction. 
Rigs and associated equipment of 
appurtenances are sorely needed by 
schools, camps, Courage Handi-hams, 
Civil Defense, FEMA, DSA , National 
Weather Service, Fire and Police De-
partments, and our many clubs with 
active Novice classes, among count-
less others. Perhaps your donation of 
usable and serviceable equipment now 
will be just what is needed to get new 
hams on line or to provide that equip-
ment needed by present-day hams to 
provide that vital service to the public 
that will keep this hobby active and 
thriving. 

Think about it now, while you can 
still do something about it, and before 
the spouse cleans house for you, or a 
good piece of equipment self-destructs 
on your shelf! 

Jerry Murphy, K8YUW 
Lakewood, Ohio 

off and on 
I recently saw a 12 VDC to 110 VAC 

power inverter that was switched on 
and off on demand by the load, 
without extra switches or wires. 

Do any of your readers have infor-
mation on how this is done? 

Sam Popkin, K2DNR/7 
Mesa, Arizona 
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passive audio filter design 
part 1: development and analysis 

Circuits using miniature 
preferred-value components 

are adaptable 
to printed-circuit boards 

A recent article in ham radio'' was the latest of a long 
series by W3NQN on the subject of elliptic lowpass 
audio filters suitable for Amateur constructors. It is 
mainly through the efforts of W3NQN that these filters 
have remained in the Amateur literature despite the 
proliferation of designs for active audio filters using 
operational amplifiers.2 5 

It is surprising that active filters have become so 
popular considering the complexity required to equal 
the performance of passive designs and the disadvan-
tages associated with active elements. They require 
power, produce noise, have a limited ability to handle 
large signals and have a limited upper operating fre-
quency unless expensive, high-frequency devices are 
used. These disadvantages usually don't apply when 
using a passive circuit containing inductors. 

Probably the main reasons for the decline of passive 
filters are the misunderstandings surrounding the 
selection of components for them. Some of these 
misunderstandings can be explained by: 

• The lack of published designs using preferred-value 
inductors and capacitors. 

• The belief that highly accurate inductance and 
capacitance values must be used to obtain acceptable 
results. 

• The belief that only h igh-0 inductors are suitable 
for use in filters. 

• Ignorance of the fact that ready-wound, standard-
value inductors are available easily and inexpensively. 
a A general phobia of winding inductors, especially 
ones with several hundred turns of wire. 

W3NQN has avoided these problems by using tele-
phone-line loading coils in his designs. These loading 
coils are relatively high -Q components. Specialized 
designs have been developed which make use of the 
inductance values included in these coils, or by slight 
modifications to the inductors by removing turns.6 

In general, the capacitance values required in a 
passive filter are non-preferred and are obtained either 
by connecting several preferred value capacitors in 
parallel or by measuring capacitors and selecting the 
required value. Designs have been published in which 
some7 8 or all910 of the capacitors are preferred value, 
but these are intended for RF applications in which 
the non-preferred value inductors are not too difficult 
to wind and will have a relatively high Q value. 

The question of what effect the inductor Q has on a 
filter response does not seem to have been addressed 
in the United States Amateur literature. Only two 
references that consider this question could be 
found," ' " * but non-preferred values of capacitance 
and inductance were used. The results from this investi-
gation were encouraging, with only a slight degradation 
in the flatness of the passband and rounding in the cut 
off region of the Butterworth, Chebyshev, and Bessel 
filters considered. 

objectives 
One aim of this series of articles is to describe my 

investigations into the use of miniature preferred value 
inductors and capacitors in several types of audio fil-
ter. My goal was to use a single, unselected, inexpen-
sive component for each inductance and capacitance 
value so that passive filter construction (and design, 
if the reader so wishes) can be simple for even the 
most inexperienced Amateur. Filters using these com-
ponents are extremely compact and suitable for con-
struction on printed circuit boards in modern equip-
ment — which, unfortunately, designs using the tele-
phone line loading coils are not. 

The investigations were carried out using computer 

By Stefan Niewiadomski, 29 MacKinley Ave-
nue, Stapleford, Nottingham, NG98HU, England 
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fig. 1. The Toko inductors used in the author's filter studies. 

fig. 2. Plot of Q versus frequency for (a) 22-mH Toko 10RB 
inductor; (£>) ideal 27-mH inductor and 22 ohm resistor; 
and (c) Siemens 0.22-/iF capacitor. 

simulations and practical tests. The simulations were 
performed on an Apple II microcomputer, using a 
BASIC circuit analysis program.12 Circuit simulation 
programs that run on several home computers are now 
available.* 

The major advantage of using circuit simulation in 
this field is that the effects of altering component 
values and using low-(? inductors can be isolated from 
each other and investigated separately. This contrasts 
with an experimental approach, in which the combined 

effects of non-exact component values and low-0 in-
ductors would have to be accepted unless a large num-
ber of inductors of various values and Qs could be 
wound — which is obviously impractical for the 
Amateur. 

I will also discuss attenuation equalizers and show 
how these comparatively simple circuits can improve 
the responses of filters made from low-Q inductors. 
I believe this is the first time these networks have been 
described in a practical way in the Amateur literature. 

Also discussed in this series of articles are some 
methods of incorporating an audio filter into an audio 
path to ensure correct matching of the filter. Other 
topics tackled are the question of how much passband 
ripple is acceptable in an audio filter used in an 
Amateur receiver, and how passband ripple and stop-
band attenuation can be traded off to produce im-
proved overall performance. 

components 
The inductors used in this study are the Toko 10RB 

range, manufactured from 1 mH to 120 mH with 5 per-
cent tolerance. Another range, the 10RBH, is available 
from 150 mH to 1500 mH with 10 percent tolerance, t 
These two inductor types have identical case styles. 
They are cylindrical with a diameter of 10.5 mm and 
a height of 14 mm (see fig. 1). Leads are radial with 
a 5-mm pitch, enabling an extremely compact PCB 
layout. 

Examination of a 47-mH inductor after removing its 
outer ferrite casing revealed a wire size of approxi-
mately No. 40 AWG. For most of the 10RB range, the 
Q quoted13 is a minimum of 100 at a test frequency 
of 50 kHz. The recommended operating frequency 
range for these coils is from 100 kHz to approximately 
170 kHz'" over which they have a sufficiently high Q to 
be considered as almost ideal inductances. 

The Q at audio frequencies is much lower and was 
measured for a 27-mH coil from 100 Hz to over 100 kHz 
using a Hewlett Packard 4192A LF Impedance Ana-
lyzer. Figure 2 shows the results obtained. At 100 Hz, 
the O is 1.1, rising to about 9 at 1 kHz, 24 at 3 kHz, and 
more than 50 at 7 kHz. At frequencies above 80 kHz, 
the Q begins to tail off, as the maximum operating fre-
quency of the ferrite is approached and skin effects 
in the wire become appreciable. 

Also shown in f ig. 2 is a plot of the Q of an ideal 
inductor of 27 mH with a 22-ohm resistor in series, 
which is the quoted DC resistance of the 27-mH Toko 
inductor. This model seems to be accurate at about 

'One available in the UK is sold by Number One Systems, 9A Crown Street. 
Si. Ives, Huntingdon, Cambs, England. Versions are available for the BBC 
model B and Sinclair Spectrum 48K computers. 

fTo order, contact Toko America, Inc.. 1250 Feehanville Drive, Mt. Prospect, 
Illinois 60056 1312 297 00701. 
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fig. 3. Elliptic 5-branch low-pass filter. W) Schematic of filter with ideal inductors, and (B) schematic of filter with real 
inductors. 

6 kHz, giving worse results below 6 kHz and better 
results above 6 kHz. 

Ideally, to accurately model these inductors, a plot 
of Q versus frequency should be obtained for each 
value of inductor and the series resistance determined 
which most closely follows this plot. For the simula-
tions presented here, the inductors were modeled with 
a series resistor equal to the manufacturer's quoted 
DC resistance, considering that this will give slightly 
worse results than in practice. 

The DC current flowing through these coils, particu-
larly in the 10RBH range, should be kept to a minimum 
to avoid heating and core saturation. In fact, to be 
completely safe, it is better to keep the DC current at 
zero. In most applications, this is achieved by insert-
ing a DC blocking capacitor in series with the input 
of the filter in which the inductors are used when there 
is a direct DC path to a potential different from the 
input source. This also has the advantage of obviating 
the danger of interaction between the DC conditions 
of the driving and terminating circuits. In most appli-
cations a capacitor of 100 /iF will avoid modifying the 
response of a filter, but the value can be chosen to 
have beneficial effects, which will be discussed later. 

There are many types of capacitors suitable for use 
in audio filters. The ones I prefer are the Siemens 
B32560/1 /2 metalized polyester layer type, which are 
available in a wide range of values and are very com-
pact for their capacitance*. The variation of Q with 

la) Theoretical values, Ideal Inductors 
lbj Rounded value*, Ideal inductors 
lc) Rounded vaiues reel Inductors 
(d) Practical results 

FREQUENCY (kHil 

fig. 4. Passband response of 1-dB/50-dB 5-branch 3-kHz 
elliptic low-pass filter, showing simulation and practical 
results. 

"Panasonic capacitors, available from Digi-Key Corp., P.O. Box 677, Thief 
River Falls, Minnesota 56701, 11-800-344-4539) may be substituted. - E d . 

I 
II 
I 
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frequency of a 0.22^F B32560 capacitor is also shown 
in fig. 2. This capacitor maintains a Q of more than 
100 at frequencies up to 10 kHz and can be accurately 
modeled as a pure capacitance at audio frequencies. 
These capacitors can be obtained with a 5-percent tol-
erance and 7.5-mm lead pitch. These are used here. 

low-pass filters 
The most popular filter for audio low-pass applica-

tions is the elliptic or Cauer filter, named for the Ger-
man network theorist who developed the mathematics 
associated with its characteristics. An excellent intro-
duction to elliptic filters is given in reference 15, but 
many of W3NQN's articles include descriptions of the 
terminology of these filters and their fundamental char-
acteristics. A brief resume of these points is given in 
the Appendix. 

The first design considered here is the five-branch 
low-pass whose circuit is shown in fig. 3. Figure 3A 
shows ideal inductors and fig. 3B shows a resistor in 
series with each inductor to simulate their losses. The 
specification for this filter is: 

p a s s b a n d r ipp le ( A p ) 1dB 

s t o p b a n d m i n i m u m a t t e n u a t i o n (A s ) 50 d B 

r ipp le c u t o f f f r e q u e n c y ( f A ) 3000 Hz 

s tar t o f s t o p b a n d f r e q u e n c y ( f A J 4221 Hz 

s o u r c e i m p e d a n c e 500 o h m s 

l oad i m p e d a n c e 500 o h m s 

From now on, I will refer to this filter as the 1-dB/50-
dB filter, indicating its passband ripple and minimum 
stopband attenuation; this terminology will also be 
used for the other low-pass filters described later. 

Table 1 shows the component values for the 1-ohm, 
1-rad/sec prototype,16 the exact values for the filter 
scaled to 500 ohms and 3 kHz, and the rounded values 
both with and without resistors to simulate the lossy 
real inductors. Each capacitor and inductor has simply 
been rounded to its nearest E12 series preferred 
value.* 

The simulation and practical results for this filter are 
shown in figs. 4, 5, and 6. Three sets of graphs have 
been plotted so that the axes for each set can be 
chosen to show the maximum detail in the passband, 

•Capacitors are commercially available in several series of preferred values, 
two of which have designations of E12 (with a 10 percent tolerance) and E24 
(with a 5 percent tolerancel, (16A). The reciprocal of the E-number is the 
power to which 10 is raised to give the step multiplier for that particular series. 
For example, for the E12 series, the step multiplier is 10*11/121 or 
10*0.083333 = 1,2115. The sequence of the series is therefore 10, 10 • 
1.2115 = 12, 12 • 1.2115 = 15, 15 • 1.2115 = 18, 18 • 1.2115 = 22. 
22 + 1.2115 = 27, etc. - Ed. 

FREQUENCY (kHil 

f i g . 5. T r a n s i t i o n b a n d ( a n d p a r t o f s t o p b a n d ) r e s p o n s e of 1 - d B / S O - d B 5 - b r a n c h 3 - k H z e l l ip t ic l o w - p a s s f i l t e r , s h o w i n g s i m u -

l a t i o n a n d p r a c t i c a l r e s u l t s . 
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fig. 6. Stopband response of 1-dB/SO-dB 5-branch 3-kHz elliptic low-pass filter, showing simulation and practical results. 

transition band and stopband. I have used the term 
"transition band" to describe the response between 
the ripple cutoff frequency (fAp) and the start of stop-
band frequency (fAs). Many authors include this 
region in the stopband, but it was convenient for me 
to divide the total response into three regions, and the 
middle region seems most appropriately to be de-
scribed as the transition band. 

Curve a on f igs . 4, 5, and 6 is the simulated 
response of the filter with theoretical values and ideal 
inductors (table 1, column 2). The response meets the 
1-dB passband ripple (Ap), 3-kHz ripple cutoff fre-
quency (fAs)' 4221-Hz start of stopband frequency 

(fAs) and 50-dB minimum stopband attenuation (As) 
specifications. The calculations carried out to scale the 
1-ohm, 1-rad/sec values (table 1, column 1) to 500 
ohms, 3 kHz (table 1, column 2) are therefore correct. 
The frequencies of infinite attenuation in the stopband, 
f2 and f4, are 6480 Hz and 4378 Hz. These are the reso-
nant frequencies of the parallel tuned circuits L2/C2 
and L4/C4 respectively. 

Curve b in f igs . 4, 5, and 6 is the simulated response 
of the filter with rounded values (table 1, column 3). 
The passband ripple has increased, but by less than 

1.81" 

o o 

Compoirntt tor ?-tfS/5P-4S t/n-bnnch elliptic fow-pais tlltw: 
CI 0.22 iiF Sltmpn* mtaltiM pofysstcr s parcel! 
C2 0.022 >iF Sfanwn nrnWIztd pofyMMr 5 p«rcant 
C3 0.27 ^F SttmtM mmM&d polymaths percent 
C4 0 068 Stemcn* mmlmltzed polymttmr 5 pwctni 
cs 0.18 iiF S'emana msttffzw* potymtur 5 p«rt«/it 
L2 27 mH To*O I ORB 
L4 IS mH 7o*o ttllfB 

fig. 7. PCB foil pattern and component placement for 
5-branch elliptic low-pass filter. 
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table 1. Component values of 1-dB/50-dB five-branch elliptic low-pass filter. 500 ohm, 3-kHz values obtained by multiply-
ing 1 ohm. 1 rad/sec values by 1.061 x 10" ' for capacitors and 2.653 x 1 0 f o r inductors. 

column 1 column 2 column 3 column 4 
1 ohm. 500 ohm. 3 kHz 500 ohm, 3 kHz 500 ohm, 3 kHz 

1 rad/sec theoretical value. rounded value. rounded value, 
component value ideal inductors ideal inductors real inductors 

C1 1.933 F 0.2051 ;tF 0.22 jiF 0.22 ,<F 
C2 0.223 F 0.0237 ,.F 0.022 ,iF 0.022 ,<F 
C3 2.392 F 0.2538 ,tF 0.27 ,,F 0.27 ;<F 
C4 0.626 F 0.0664 (1F 0.068 ,iF 0.068 ;<F 
C5 1.635 F 0.1735 ;iF 0.18 |iF 0.18 nf 
12 0.963 H 25.5 mH 27 mH 27 mH 
L4 0.750 H 19.9 mH 18 mH 18 mH 
R2 - 0 ohms 0 ohms 22 ohms 
R4 - 0 ohms 0 ohms 17 ohms 

0.5 dB; there has also been a slight decrease in the 
ripple cutoff frequency. In the transition band, close 
agreement with the unrounded value response is 
found. The frequency at which the stopband minimum 
attenuation is first achieved (fAs) is now 4330 Hz 
rather than the original 4221 Hz. The frequencies of 
infinite attenuation are now 6530 Hz and 4550 Hz, re-
flecting the change in resonant frequencies of L2/C2 
and L4/C4 because of their value changes. One inter-
esting result of the component changes is that the 
minimum stopband attenuation is now approximately 
53 dB, rather than 50 dB. Though not shown in fig. 
6, this value is maintained beyond 10 kHz. This in-
crease in stopband attenuation seems to be a result 
of the increase in passband ripple, since these two 
parameters can be traded off at the design stage. 

Curve c in figs. 4,5, and 6 is the simulated response 
of the filter with rounded values and real inductors 
(table 1, column 4). The filter now exhibits non-zero 
insertion-loss at all frequencies (having a value of about 
0.3 dB at 100 Hz) and increased passband ripple. Other 
effects of the low-Q inductors are the smoothing of 
the final passband ripple and a gradual, rather than 
a sharp, transition from the passband into the trans-
ition band. The frequencies of high attenuation in the 
stopband are the same as those of the rounded values, 
ideal inductors' response (curve b), but the attenua-
tions are no longer infinite. They are approximately 63 
dB at 4550 Hz and 78 dB at 6530 Hz. The minimum 
stopband attenuation is similar to that shown by curve 
b, being approximately 53 dB. 

Curve d in figs. 4, 5, and 6 shows the measured 
response obtained from the real filter constructed with 
the values of table 1, column 4. These results were 
obtained using a Hewlett Packard 3585A Spectrum 
Analyzer, which enables filter response measurements 
to be made very easily. Curve d shows close agree-
ment with curve c, indicating that the simulation 

fig. 8. Experimental five-branch elliptic low-pass filter. 

method was largely valid. The passband response is 
slightly better than simulations indicated, probably 
because the inductors have a higher Q than the simple 
simulation model produces. (Remember, this was seen 
from the measured Q values plotted in fig. 2.) Differ-
ences in the transition band and stopband response 
are probably because of the real components having 
values slightly different from their nominal values. The 
value of high attenuation attained by the practical filter 
at 4670 Hz is similar to that of the simulated filter (ap-
proximately 63 dB), but is approximately 5 dB less than 
the simulated filter at 6530 Hz. Minimum attenuation 
in the stopband is still a healthy 53 dB. This attenua-
tion has been measured beyond 10 kHz, and remains 
at greater than 50 dB to more than 30 MHz. 

Before I comment on the significance of the 
changes in performance between the theoretical and 
the final, practical filter, I would like to show the 
method used to construct this filter and the results ob-
tained from a more complex low-pass design. 

Figure 7 shows the PCB foil pattern and compo-
nent layout used for this practical filter. The layout 
follows the schematic of the filter, with the output as 
far from the input as possible. A good ground plane 
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is maintained by etching away only the minimum 
amount of copper possible. The small amount of ex-
tra capacitance between each circuit node and ground 
is insignificant when compared with the capacitors. 
The ground plane gives low-impedance ground return 
paths and helps isolate the output from the input. If 
required, the filter can be made even more compact 
than my layout indicates. The ferrite caps over the 
Toko coils are such that they can be positioned very 
close to each other without any coupling effects. Strip-
board can also be used for construction without any 
drastic effects on performance. Figure 8 shows a 
photograph of this filter. 

Figure 9 shows the schematics for a seven-branch 
elliptic low-pass filter, with and without the resistors 
to simulate the real inductors. The specification for this 
filter is: 

passband ripple (Ap) 0.18 dB 

stopband minimum attenuation (As) 50.1 dB 

ripple cutoff frequency (fApl 3000 Hz 

start of stopband frequency (fAs) 3500 Hz 

source impedance 500 ohms 

load impedance 500 ohms 

Table 2 shows the component values for the 1-
ohm, 1-rad/sec prototype;17 the exact values scaled 
to 500 ohms, 3 kHz; and the rounded values both with 
and without resistors to simulate the lossy real induc-
tors. Again, each component has been rounded to the 
nearest E12 preferred value. Note that in the case of 
C4 and L4, both have been rounded downward, so we 

4-0-

(a) Thaoratlcal valuaa, idaal inductors \ 1 
(b) Round ad valuta. Idaal inductors \ Simulations J 
(c) Roundad values, rial Inductors ) 1 
(d) Practical rasults 1 
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(d) Practical rasults 1 
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fig. 10. Passband response of 0.18-dB/50.1-dB 7-branch 
3-kHz elliptic low-pass filter, showing simulation and 
practical results. 

should expect a larger than average shift in the f4 fre-
quency. If the peaks in stopband attenuation are being 
used in a particular application to obtain more than 
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the minimum stopband attenuation at particular fre-
quencies, then it is best to round the tuned circuit 
elements in the filter in opposite directions. The fre-
quencies of these peaks can be placed accurately by 
rounding only the inductor values and then selecting 

or paralleling capacitors to obtain the desired 
resonances. 

The simulation and practical results for this filter are 
shown in figs. 10. 11. and 12. I will not describe the 
responses in as much detail as for the 1-dB/50-dB low-

table 2. Component values of 0.18-dB/50.1-dB seven-branch elliptic low-pass filter. 500 ohm, 3-kHz values obtained by 
multiplying 1 ohm, 1 rad/sec values by 1.061 x 10" ' for capacitors and 2.653 x 10~* for inductors. 

column 1 column 2 column 3 column 4 
1 ohm. 500 ohm, 3 kHz 500 ohm, 3 kHz S00 ohm. 3 kHz 

1 rad/sec theoretical value. rounded value. rounded value. 
component value ideal inductors ideal inductors real inductors 

C1 1.183 F 0.1255 pf 0.12 jiF 0.12 itF 
C2 0.1853 F 0.0197 pF 0.018 hF o.ota pF 
C3 1.535 F 0.1629 0.15 ,1F 0.15 fiF 
C4 0.9576 F 0.1016 MF 0.1 fif 0.1 pF 
C5 1.307 F 0.1387 pF 0.15 jiF 0.15 iiF 
C6 0.6755 F 0.0717 mF 0.068 iif 0.068 /iF 
C7 0.8543 F 0.0906 jiF 0.082 jiF 0.082 /iF 
L2 1.203 H 31.92 mH 33 mH 33 mH 
L4 0.7482 H 19.85 mH 18 mH 18 mH 
L6 0.8217 H 21.80 mH 22 mH 22 mH 
R2 - 0 ohms 0 ohms 26 ohms 
R4 — 0 ohms 0 ohms 17 ohms 
R6 _ 0 ohms 0 ohms 19 ohms 

?lt£OU£MCr IkHtl 

fig. 11. Transition band (and part of stopband) response of 0.18-dB/50.1-dB 7-branch 3-kHz elliptic low-pass filter, showing 
simulation and practical results. 
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pass filter; the graphs speak for themselves. The 
scaled, theoretical value response meets the filter 
specification exactly. As before, the rounded values, 
ideal inductor response is very similar to that of the 
the theoretical values apart from an increase in pass-

band ripple (especially close to the cutoff frequency), 
a shift in the f2 frequency from 3500 Hz to 3751 Hz, 
and a corresponding shift in the initial 50.1-dB attenua-
tion frequency (fAs)- The minimum stopband attenua-
tion is approximately 52 dB. 

table 3. Component values of 0.18-dB/81-dB seven-branch elliptic low-pass filter. 500-ohm, 3-kHz values obtained by 
multiplying 1 ohm. 1 rad/sec values by 1.061 x 10 ' for capacitors and 2.653 x 10~2 for inductors. 

column 1 column 2 column 3 
1 ohm 500 ohm, 3 kHz 500 ohm, 3 kHz 

1 rad/sec theoretical value. rounded value. 
component value ideal inductors real inductors 

C I 1.280 F 0.1358 ,iF 0.15 ^F 
C2 0.065 F 0.0690 #iF 0.0068 iiF 
C3 1.943 F 0.2062 fiF 0.22 /iF 
C4 0.3079 F 0.0327 fiF 0.033 iiF 
C5 1.837 F 0.1949 fiF 0.18 tiF 
C6 0.2183 F 0.0232 /iF 0.022 /iF 
C7 1.145 F 0.1215 hF 0.12 >iF 
L2 1.321 H 35.05 mH 33 mH 
L4 1.183 H 31.38 mH 33 mH 
L6 1.157 H 30.70 mH 33 mH 
R2 — 0 ohms 26 ohms 
R4 - 0 ohms 26 ohms 
R6 - 0 ohms 26 ohms 

FREOUEUCY ikHi) 

fig. 12. Stopband response of 0.18-dB/50.1-dB 7-branch 3-kHz elliptic low-pass filter, showing simulation and practical results. 
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normalized start of stopband angular frequency of 
1.624 radians/second. 

Detailed simulation results for this filter are not given 
here and I have only shown the practical results when 
the layout of fig. 13 was used. These results are 
shown in fig. 15. 

A s we expected, the actual passband response has 
greater ripple (exceeds the 0.18 dB theoretical value) 
and has rounded corners. The insertion loss at 100 Hz 
is approximately 0.4 dB. Stopband attenuation shows 
a minimum of approximately 80 dB above the meas-
ured (fas) of 4900 Hz. The two maxima of stopband 
attenuation below 10 kHz occur at approximately 5000 
Hz and 6060 Hz, with values of 86 and 92 dB respec-
tively. A further maximum of 93 dB occurs at 10,760 
Hz. 

This example shows that despite the use of low-Q 
inductors, high stopband attenuation can still be 
obtained if required in a particular application. 

fig. A1(A). Schemat ic d iagram of a 5-branch elliptic low-
pass filter. 

f4 fZ 

PASSBANO 1 -1 « TRANSITION BAND « TRANSITION BAND 

FREQUENCY IHit 

fig. A1IB). Ideal response of a 5-branch elliptic low-pass 
filter. 
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appendix 
elliptic low-pass filter terminology 

The schematic of a five-branch elliptic low-pass filter is shown in 
fig. A1(A). The ideal response of this filter is shown In f ig. A 1 (B). 

Some of the terms used in describing elliptic filters are explained 
below. 

• Pas sband ripple. A variation in the passband attenuation be-
tween zero and some maximum value, A p . The number of half 
cycles of ripple is equal to the number of branches of the filter. 

• M i n i m u m stopband attenuation. The value of stopband attenu-
ation, designated A s, below which the attenuation never falls having 
once achieved this value. 

• Max ima in stopband attenuation. Frequencies within the stop-
band region, designated f2 and f4, at which the attenuation is infinite 
due to the resonances of L2/C2 and L4/C4 respectively. 

• Ripple cutoff frequency. The frequency, designated f/vp, at 

which the attenuation first exceeds the A p value. 

• Start of s topband frequency. The frequency, designated f A s , 

at which the attenuation first exceeds the A s value. 

Tables of component values for filter designs usually give normal-
ized values; that is, values which produce a filter with source and load 
impedance values of 1 ohm and a cutoff frequency (angular) of 1 rad/ 
sec. To obtain practical component values for impedance of R ohms 
and a cutoff frequency of f Hz, multiply all inductor values by ^ 

and all capacitor values by j^ fR-
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adjusting SSB amplifiers 
Use a tuning pulser 

for added safety 
and linearity 

H o w many times have you had your on-the-air con-
versations interrupted by someone who's more than 
5 kHz from the frequency you're using? I can't 
remember how many times this has happened to me. 

Splatter is rude and unnecessary. It ought to be 
against FCC rules — but it isn't. Part 97 of the Amateur 
Radio Rules states, in 97.73, (under "purity of emis-
sions," paragraph d) that spurious radiation causing 
harmful interference to the reception of another radio 
station is against the rules, and that the licensee 
responsible for it may be required to eliminate the inter-
ference. At first this sounds good, but there's a note 
that explains that they're only talking about the gar-
bage that slips outside of the Amateur band. In other 
words, if an operator on 14,275 kHz splatters ± 50 
kHz, he's in compliance with Part 97 because his spur-
ious emissions inside the Amateur Radio bands are 
specifically exempted by the note that follows para-
graph d. If the same splattering station were to move 
up to 14,310 kHz, the splatter would extend beyond 
the Amateur band and a violation of the rules would 
occur. 

It seems, then, that the only way to avoid stations 
who splatter would be to operate near the band edge 
with a clean signal. Dirty stations operating in this area 
are likely to spill over the band edge and receive FCC 
citations. 

The most common cause of splatter is a mis-ad-
justed "linear" amplifier. Linear amplifiers are far from 
foolproof; in fact, they're easy to operate non-linearly. 

There are many different settings of the tune and load 
controls, and only one combination will represent the 
best compromise between linearity and power output. 

Without a doubt, the two-tone test, used in con-
junction with an oscilloscope, is the best method of 
adjusting a linear amplifier. Unfortunately, the two-
tone generator and a good oscilloscope cost more than 
many linear amplifiers. 

A second method is the single-tone test. This in-
volves inserting a single frequency — usually with the 
CW mode on the transmitter, or transceiver — at the 
maximum carrier level, and adjusting the linear ampli-
fier for maximum power output by alternately adjusting 
the plate-tune and load controls. This method can be 
improved if the loading control is increased (for less 
capacitance) slightly beyond the point where the 
power peaks. At this point the linearity will be im-
proved and the power output drops, just perceptibly. 
But this method places a terrible strain on the amplifier 
tubes and power supply. If the operator makes an error 
during this procedure, the tubes are likely to be dam-
aged because the duty cycle is 100 percent. 

Another problem with the single-tone test is that the 
average amplifier power supply is not designed to 
supply the 2500 watts of key-down power needed for 
the legal output of 1500 watts, assuming a typical effi-
ciency of 60 percent. The average table-top 1500 watt 
output linear amplifier appears to have a 600 watt CCS 
plate transformer. This is completely satisfactory in 
SSB service, but it is not intended for full throttle 
single-tone tune-up. 

Reducing the carrier level on tune-up would reduce 
the strain, but reduced carrier level results in reduced 
peak plate current in the amplifier tubes. Because peak 
plate current and peak AC plate voltage determine the 
plate load impedance, altering one would upset the 

By Richard Measures, AG6K, 6455 La Cumbre 
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mitters only. 

adjustment, since the plate tune and load controls 
would be set to match a different plate loiad than will 
be encountered on voice peaks. This mis-adjustment 
method will make the amplifier splatter and beat up 
the grids of the common grounded-grid, class AB2 
amplifier because of excessive grid current. 

Yet another problem with the single tone, or A-zero 
(A0) tune-up is that it's not permitted, except for short 
periods below 51 MHz — but the chance of being cited 
for A0 emission is probably slim in comparison to the 
chance of experiencing a melt-down. 

So the problem is how to tune-up a linear amplifier, 
linearly and safely, without spending a lot of money. 
The solution is obviously some device that will pro-
duce maximum peak plate current with a human voice 
duty-cycle, which is about 33 percent on the average. 
For ease of adjustment, the device must also produce 
steady meter indications. 

The circuit shown in fig. 1A is a solution to the 
problem. It consists of a 555 timer and two transistor 

switches, one for positive keyed transmitters and the 
other for negative keyed transmitters. The 555 timing 
resistors have steering diodes so that the charge and 
discharge times are different by the ratio of 2:1. This 
produces a duty cycle of 0.3333, or one-third. The out-
put of the 555 is high for about 24 ms and low for 
about 12 ms. When the base of Q1 goes low, it is for-
ward biased and conducts collector current through R5 
and the base of Q2, whose collector is then switched 
on. During the 24 ms high interval, the base-to-emitter 
voltage of Q1 is zero, which turns Q1 off, which then 
turns 02 off. This causes the amplifier to work hard 
for 12 ms, then rest for 24 ms, alternately working and 
resting until the tuning process is complete. 

The circuit shown in fig. 1B, which will key positive 
voltages only, requires fewer parts than the previous-
ly described circuit. (Most transceivers built today are 
positive-keyed.) 

The pulser should be enclosed in a metal box or 
open-button metal chassis. (I used a 3 x 5 x 1 inch/7 
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x 12 x 2.5 cm open bottom chassis.) The keying lead 
to the transceiver should be shielded. These precau-
tions will help to keep RF, which would interfere with 
proper operation, out of the pulser. 

A good method of powering the pulser is to use four 
AA penlight batteries. There's plenty of room in the 
box for a four-cell AA holder, and the added milli-
ampere hour capacity advantage over a 9-volt battery 
makes the AA cells a good choice. 

Either circuit can be built on a piece of perfboard 
in less than one hour, so it isn't worth the trouble of 
making a printed circuit board unless you're going to 
make several tuning pulsers for Christmas presents. 

using the tuning pulser 

Set the transceiver to CW. Turn on the pulser and 
advance the carrier control until you have some ALC. 
If your exciter has an individual band tune feature, ad-
just it for maxiumum relative output. 

Now turn on your amplifier and set the plate voltage 
to SSB. Key the pulser again and tune for maximum 
relative output on the plate tune and load controls. 
Sometimes a slight improvement in linearity can be 
had by loading the amplifier past the peak in output 
until the relative output drops about 2 percent. 

Normal readings of plate current using the tuning 
pulser should be approximately one-third of what you 
would see with a steady carrier. Average-reading RF 
wattmeters are good for relative indications only, when 
tuning with the pulser. The indicated wattage cannot 
be simply multiplied by 3 to find the peak power 
because the time constant of the meter is unknown. 

If you own a linear amplifier that uses sweep tubes, 
which are easily damaged by normal tune-up methods, 
a tuning pulser could provide increased tube life. 

Another use for the tuning pulser is in locating loose 
hardware (such as clotheslines, rain gutters, or rusty 
guy-wires), that may be causing TVI by metal-oxide 
diode-rectification. Such problems usually occur only 
at or near the peak-power level. Running the typical 
amplifier key-down for the length of time needed to 
locate the fault is risky. With the tuning pulser, the 
amplifier can generate full peak power with little risk 
of damage, even for lengthy periods of time. A har-
monic "sniffing" device is then used to determine the 
location of the fault. (Normal operating courtesies still 
apply; check the frequency first with your receiver, 
keep the tests short, and try to make your tests when 
the band is dead. — Ed) 
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Unadilla Amateur Antenna Baluns 
For 20 years, preferred by Amateur, Commercial and Military Radio Operators 

W2AU 1:1 & 4:1 
Only $17.95. UPS 

shipping & tax Included 

W2DU-HF 
Only $19.95. UPS 

shipping & tax Included 

W2DU-VHF 
Only $19.95. UPS 

shipping & tax included 
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All our baluns are fully guaranteed. 
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* Protect your radio against lightning 
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* Keeps ice off your high feedpoint 
* First built-in lightning arrester 
* Long life- all stainless steel hardware 
* Wired pigtails for positive dipole leg contact 

Easy ordering... 
* Buy two or more and take a 10% discount 
* Call for our free catalog of Baluns/Antenna 

Coils/Antenna Relays 
* Bonus with any order- the "Dandy Dipole" 

book. Shows how to build and prune di-
poles, includes wire length tables for over 
150 multi-band combinations using coils. 

To order or get your free catalog, call 24 hours 
a day, 7 days a week 1 -800-523-0027 

NY/HI/AK/CAN call collect 315-437-3953 
VISA, MasterCard, AmEx, COD accepted 

Mai I orders also accepted 
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understanding telephones 
Everybody has one. 

But what makes it work? 

Although telephones and telephone company 
practices may vary dramatically from one country to 
another, and even from one locality to another, the 
basic principles underlying the way they work remain 
unchanged. 

Every telephone consists of three separate sub-
assemblies, each capable of independent operation. 
These assemblies are the speech network, the dialing 
mechanism, and the ringer or bell. Together, these 
parts — as well as any additional devices such as 
modems, dialers, and answering machines — are 
attached to the phone line. 

the phone line 
A telephone is usually connected to the telephone 

exchange by about three miles (4.83 km) of a twisted 
pair of No. 22 (AWG) or 0.5 mm copper wires, known 
by your phone company as "the loop." Although cop-
per is a good conductor, it does have resistance. The 
resistance of No. 22 A W G wire is 16.46 ohms per thou-
sand feet at 77 degrees F (25 degrees C). In the United 
States, wire resistance is measured in ohms per thou-
sand feet; telephone companies describe loop length 
in kilofeet (thousands of feet). In other parts of the 
world, wire resistance is usually expressed as Ohms 
per kilometer. 

Because telephone apparatus is generally consid-
ered to be current driven, all phone measurements 
refer to current consumption, not voltage. The length 
of the wire connecting the subscriber to the telephone 

exchange affects the total amount of current that can 
be drawn by anything attached at the subscriber's end 
of the line. 

In the United States, the voltage applied to the line 
to drive the telephone is 48 VDC; some countries use 
50 VDC. Note that telephones are peculiar in that the 
signal line is also the power supply line. The voltage 
is supplied by lead acid cells, thus assuring a hum-free 
supply and complete independence from the electric 
company, which may be especially useful during 
power outages. 

At the telephone exchange the DC voltage and 
audio signal are separated by directing the audio signal 
through 2 nF capacitors and blocking the audio from 
the power supply with a 5-Henry choke in each line. 
Usually these two chokes are the coil windings of a 
relay that switches your phone line at the exchange; 
in the United States, this relay is known as the " A " 
relay (see fig. 1). The resistance of each of these 
chokes is 200 ohms. 

We can find out how well a phone line is operating 
by using Ohm's law and an ammeter. The DC resis-
tance of any device attached to the phone line is often 
quoted in telephone company specifications as either 
600 or 900 ohms; this will vary from one country to 
another. But the resistance may, in fact, vary from 300 
to 1,000 ohms. 

Using these figures you can estimate the distance 
between your telephone and the telephone exchange. 
In the United States, the telephone company guar-
antees you no lower current than 20 mA — or what 
is known to your phone company as a "long loop." 
A "short loop" will draw 50 to 70 mA, and an average 
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fig. 1. The phone line. 

loop, about 35 mA. Some countries will consider their 
maximum loop as low as 12 mA. In practice, United 
States telephones are usually capable of working at 
currents as low as 14 mA. Some exchanges will con-
sider your phone in use and feed dial tone down the 
line with currents as low as 8 mA, even though the 
telephone may not be able to operate. 

Although the telephone company has supplied 
plenty of nice clean DC direct to your home, don't 
assume you have a free battery for your own circuits. 
The telephone company wants the DC resistance of 
your line to be about 10 Megohms when there's no 
apparatus in use ("on hook," in telephone company 
jargon); you can draw no more than 5 microamperes 
while the phone is in that state. When the phone is 
in use, or "off hook," you can draw current, but you'll 
need that current to power your phone. Any current 
you might draw for other purposes would tend to 
lower the signal level. 

The phone line has an impedance composed of dis-
tributed resistance, capacitance, and inductance. The 
impedance will vary according to the length of the 
loop, the type of insulation of the wire, and whether 
the wire is aerial cable, buried cable, or bare parallel 
wires strung on telephone poles. For calculation and 
specification purposes, the impedance is normally 
assumed to be 600 or 900 ohms. If the instrument 
attached to the phone line should be of the wrong 
impedance, you'd get a mismatch, or what telephone 
company personnel refer to as "return loss." (Radio 
Amateurs will recognize return loss as SWR.) A mis-
match on telephone lines results in echo and whistling, 
which the phone company calls "singing" and owners 
of very cheap telephones may have come to expect. 
A mismatched device can, by the way, be matched 
to the phone line by placing resistors in parallel or 
series with the line to bring the impedance of the de-
vice to within the desired limits. This will cause some 

signal loss, of course, but will make the device usable. 
A phone line is a balanced feed, with each side 

equally balanced to ground. Any imbalance will in-
troduce hum and noise to the phone line and increase 
susceptability to RFI. 

The balance of the phone line is known to your tele-
phone company as "longitudinal balance." If both 
impedance match and balance to ground are kept in 
mind, any device attached to the phone line will per-
form well, just as the correct matching of transmis-
sion lines and devices will ensure good performance 
in radio practice. 

If you live in the United States, the two phone wires 
connected to your telephone should be red and green. 
(In other parts of the world they may be different 
colors.) The red wire is negative and the green wire 
is positive. Your telephone company calls the green 
wire "Tip" and the red wire "Ring." (In other parts 
of the world, these wires may be called "A" and "B".) 
Most installations have another pair of wires, yellow 
and black. These wires can be used for many different 
purposes, if they're used at all. Some party lines use 
the yellow wire as a ground; sometimes there's 6,8 
VAC on this pair to light the dials of Princess® type 
phones. If you have two separate phone lines (not 
extensions) in your home, you'll find the yellow and 
black pair carrying a second telephone line. In this 
case, black is "Tip" and yellow is "Ring." 

The above description applies to a standard line with 
a DC connection between your end of the line and the 
telephone exchange. Most phone lines in the world 
are of this type, known as a "metallic line." In a 
metallic line, there may or may not be inductance 
devices placed in the line to alter the frequency 
response of the line; the devices used to do this are 
called "loading coils." (Note: if they impair the opera-
tion of your modem, your telephone company can 
remove them.) Other types of lines are party lines, 
which may be metallic lines but require special 
telephones to allow the telephone company to dif-
ferentiate between subscribers. Very long lines may 
have amplifiers, sometimes called "loop extenders"on 
them. Some telephone companies use a system called 
"subscriber carrier," which is basically an RF system 
in which your telephone signal is heterodyned up to 
around 100 kHz and then sent along another sub-
scriber's "twisted pair." 

If you have questions about your telephone line, you 
can call your telephone company; depending on the 
company and who you can reach, you may be able to 
obtain a wealth of information. 

the speech network 
The speech network — also known as the "hybrid" 

or the "two wire/four wire network" — takes the in-
coming signal and feeds it to the earpiece and takes 
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the microphone output and feeds it down the line. The 
standard network used all over the world is an LC 
device with a carbon microphone; some newer phones 
use discrete transistors or ICs. 

One of the advantages of an LC network is that it 
has no semiconductors, is not voltage sensitive, and 
will work continuously as the voltage across the line 
is reduced. Many transistorized phones stop working 
as the voltage approaches 3 to 4 volts. 

When a telephone is taken off the hook, the line 
voltage drops from 48 volts to between 9 and 3 volts, 
depending on the length of the loop. If another tele-
phone in parallel is taken off the hook, the current con-
sumption of the line will remain the same and the volt-
age across the terminals of both telephones will drop. 
Bell Telephone specifications state that three tele-
phones should work in parallel on a 20 mA loop; tran-
sistorized phones tend not to pass this test, although 
some manufacturers use ICs that will pass. Although 
some European telephone companies claim that 
phones working in parallel is "technically impossible," 
and discourage attempts to make them work that way, 
some of their telephones will work in parallel. 

While low levels of audio may be difficult to hear, 
overly loud audio can be painful. Consequently, a well 
designed telephone will automatically adjust its trans-
mit and receive levels to allow for the attenuation — 
or lack of it — caused by the length of the loop. This 
adjustment is called "loop compensation." In the 
United States, telephone manufacturers achieve this 
compensation with silicon carbide varistors that con-
sume any excess current from a short loop (see f ig. 
2). Although some telephones using ICs have built-in 
loop compensation, many do not; the latter have been 
designed to provide adequate volume on the average 
loop, which means that they provide low volume on 
long loops, and are too loud on short loops. Various 
countries have different specifications for transmit and 
receive levels; some European countries require a 
higher transmit level than is standard in the United 
States so a domestically-manufactured telephone may 
suffer from low transmit level if used on European lines 
without modification. 

Because a telephone is a duplex device, both trans-
mitting and receiving on the same pair of wires, the 
speech network must ensure that not too much of the 
caller's voice is fed back into his or her receiver. This 
function, called "sidetone," is achieved by phasing the 
signal so that some cancellation occurs in the speech 
network before the signal is fed to the receiver. Callers 
faced with no sidetone at all will consider the phone 
"dead." Too little sidetone will convince callers that 
they're not being heard and cause them to shout, " I 
can hear you. Can you hear ME?"Too much sidetone 
causes callers to lower their voices and not be heard 
well at the other end of the line. 

0.047., 250V j 
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i 
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fig. 2. Telephone speech network. (Note: while ham radio 
designates varistors as CH. telephone companies 
customarily use the designation VR. — Ed.) 

A telephone on a short loop with no loop compensa-
tion will appear to have too much sidetone, and callers 
will lower their voices. In this case, the percentage of 
sidetone is the same, but as the overall level is higher 
the sidetone level will also be higher. 

the dial 

There are two types of dials in use around the world. 
The most common one is called pulse, loop discon-
nect, or rotary; the oldest form of dialing, it's been 
with us since the 1920's. The other dialing method, 
more modern and much loved by Radio Amateurs is 
called Touchtone Dual Tone Multi-Frequency (DTMF) 
or Multi-Frequency (MF). 

Pulse dialing is traditionally accomplished with a 
rotary dial, which is a speed governed wheel with a 
cam that opens and closes a switch in series with your 
phone and the line. It works by actually disconnect-
ing or "hanging up" the telephone at specific inter-
vals. The United States standard is one disconnect per 
digit, so if you dial a "1 , " your telephone is "discon-
nected" once. Dial a seven and you'll be "discon-
nected" seven times; dial a zero, and you'll "hang up" 
ten times. Some countries invert the system so "1" 
causes ten "disconnects" and 0, one disconnect. 
Some add a digit so that dialing a 5 would cause six 
disconnects and 0, eleven disconnects. There are even 
some systems in which dialing 0 results in one discon-
nect, and all other digits are plus one, making a 5 cause 
six disconnects and 9, ten disconnects. 

Although most exchanges are quite happy with 
rates of 6 to 15 Pulses Per Second (PPS), the phone 
company accepted standard is 8 to 10 PPS. Some 
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modern digital exchanges, free of the mechanical in-
ertia problems of older systems, will accept a PPS rate 
as high as 20. 

Besides the PPS rate, the dialing pulses have a 
make/break ratio, usually described as a percentage, 
but sometimes as a straight ratio. The North American 
standard is 60/40 percent; most of Europe accepts a 
standard of 63/37 percent. This is the pulse measured 
at the telephone, not at the exchange, where it's 
somewhat different, having travelled through the 
phone line with its distributed resistance, capacitance, 
and inductance. In practice, the make/break ratio does 
not seem to affect the performance of the dial when 
attached to a normal loop. Bear in mind that each 
pulse is a switch connect and disconnect across a 
complex impedance, so the switching transient often 
reaches 300 volts. Try not to have your fingers across 
the line when dialing. 

Most pulse dialing phones produced today use a 
CMOS IC and a keyboard. Instead of pushing your 
finger round in circles, then removing your finger and 
waiting for the dial to return before dialing the next 
digit, you punch the button as fast as you want. The 
IC stores the number and pulses it out at the correct 
rate with the correct make/break ratio and the switch-
ing is done with a high-voltage switching transistor. 
Because the IC has already stored the dialed number 
in order to pulse it out at the correct rate, it's a simple 
matter for telephone designers to keep the memory 
"alive" and allow the telephone to store, recall, and 
redial the Last Number Dialed (LND). This feature 
enables you to redial by picking up the handset and 
pushing just one button. 

Because pulse dialing entails rapid connection and 
disconnection of the phone line, you can "dial" a 
telephone that has lost its dial, by hitting the hook-
switch rapidly. It requires some practice to do this with 
consistent success, but it can be done. A more sophis-
ticated approach is to place a Morse key in series with 
the line, wire it as normally closed and send strings 
of dots corresponding to the digits you wish to dial. 

Touchtone, the most modern form of dialing, is fast 
and less prone to error than pulse dialing. Compared 
to pulse, its major advantage is that its audio band 
signals can travel down phone lines further than pulse, 
which can travel only as far as your local exchange. 
Touchtone can therefore send signals around the 
world via the telephone lines, and can be used to con-
trol phone answering machines and computers. Pulse 
dialing is to touchtone as F S K or A F S K R T T Y is to 
Switched Carrier RTTY , where mark and space are 
sent by the presence or absence of DC or unmodulated 
RF carrier. Most Radio Amateurs are familiar with 
DTMF for controlling repeaters and for accessing 
remote and auto phone patches. 

Bell Labs developed DTMF in order to have a dial-
ing system that could travel across microwave links 
and work rapidly with computer controlled exchanges. 
Each transmitted digit consists of two separate audio 
tones that are mixed together (see fig. 3). The four 
vertical columns on the keypad are known as the high 
group and the four horizontal rows as the low group; 
the digit 8 is composed of 1336 Hz and 852 Hz. The 
level of each tone is within 3 dB of the other, (the 
telephone company calls this "Twist"). A complete 
touchtone pad has 16 digits, as opposed to ten on a 
pulse dial. Besides the numerals 0 to 9, a DTMF "dial" 
has *, #, A, B, C, and D. Although the letters are not 
normally found on consumer telephones, the IC in the 
phone is capable of generating them. 

The * sign is usually called "star" or "asterisk." The 
# sign, often referred to as the "pound sign." is actu-
ally called an octothorpe. Although many phone users 
have never used these digits — they're not, after all, 
ordinarily used in dialing phone numbers — they are 
used for control purposes, phone answering machines, 
bringing up remote bases, electronic banking, and 
repeater control. The one use of the octothorpe that 
may be familiar occurs in dialing international calls 
from phones in the United States. After dialing the 
complete number, dialing the octothorpe lets the ex-
change know you've finished dialing. It can now begin 
routing your call; without the octothorpe, it would wait 
and "time out" before switching your call. 

When DTMF dials first came out they had com-
plicated cams and switches for selecting the digits and 
used a transistor oscillator with an LC tuning network 
to generate the tones. Modern dials use a matrix 
switch and a CMOS IC that synthesizes the tones from 
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a 3.57 MHz (TV color burst) crystal. This oscillator runs 
only during dialing, so it doesn't normally produce 
QRM. 

Standard DTMF dials will produce a tone as long 
as a key is depressed. No matter how long you press, 
the tone will be decoded as the appropriate digit. The 
shortest duration in which a digit can be sent and 
decoded is about 100 milliseconds (ms). It's pretty diffi-
cult to dial by hand at such a speed, but automatic 
dialers can do it. A twelve-digit long distance number 
can be dialed by an automatic dialer in a little more 
than a second — about as long as it takes a pulse dial 
to send a single 0 digit. 

The output level of DTMF tones from your tele-
phone should be between 0 and - 1 2 dBm, In 
telephones, 0 dB is 1 milliwatt over 600 ohms. So 0 
dB is 0.775 volts. Because your telephone is con-
sidered a 600 ohm load, placing a voltmeter across the 
line will enable you to measure the level of your tones. 

t h e r inger 

Simply speaking this is a device that alerts you to 
an incoming call. It may be a bell, light, or warbling 
tone. The telephone company sends a ringing signal 
which is an AC waveform. Although the common fre-
quency used in the United States is 20 Hz, it can be 
any frequency between 15 and 68 Hz. Most of the 
world uses frequencies between 20 and 40 Hz. The 
voltage at the subscriber's end depends upon loop 
length and number of ringers attached to the line; it 
could be between 40 and 150 volts. Note that ringing 
voltage can be hazardous; when you're working on 
a phone line, be sure at least one telephone on the 
line is off the hook (in use); if any are not, take high 
voltage precautions. The telephone company may or 
may not remove the 48 VDC during ringing; as far as 
you're concerned, this is not important. Don't take 
chances. 

The ringing cadence — the timing of ringing to 
pause — varies from company to company. In the 
United States the cadence is normally 2 seconds of 
ringing to 4 seconds of pause. An unanswered phone 
in the United States will keep ringing until the caller 
hangs up. But in some countries, the ringing will "time 
ou t " if the call is not answered. 

The most common ringing device is the gong ringer, 
a solenoid coil with a clapper that strikes either a single 
or double bell. A gong ringer is the loudest signaling 
device that is solely phone-line powered. 

Modern telephones tend to use warbling ringers, 
which are usually ICs powered by the rectified ring-
ing signal. The audio transducer is either a piezo-
ceramic disk or a small loudspeaker via a transformer. 

Ringers are isolated from the DC of the phone line 
by a capacitor. Gong ringers in the United States use 
a 0.47 /tF capacitor. Warbling ringers in the United 

States generally use a 1.0 /tF capacitor. Telephone 
companies in other parts of the world use capacitors 
between 0.2 and 2.0 /*F. The paper capacitors of the 
past have been replaced almost exclusively with capac-
itors made of Mylar film. Their voltage rating is always 
250 volts. 

The capacitor and ringer coil, or Zeners in a warbling 
ringer, constitute a resonant circuit. When your phone 
is hung up ("on hook") the ringer is across the line; 
if you've turned off the ringer you've merely silenced 
the transducer, not removed the circuit from the line. 

When the telephone company uses the ringer to test 
the line, it sends a low-voltage, low-frequency signal 
down the line (usually 2 volts at 10 Hz) to test for con-
tinuity. The company keeps records of the expected 
signals on your line. This is how it can tell if you've 
added equipment to your line. If your telephone has 
had its ringer disconnected, the telephone company 
cannot detect its presence on the line. 

Because there is only a certain amount of current 
available to drive ringers, if you keep adding ringers 
to your phone line you'll reach a point at which either 
all ringers will cease to ring, some will cease to ring, 
or some ringers will ring weakly. In the United States 
the phone company will guarantee to ring five normal 
ringers. A normal ringer is defined as a standard gong 
ringer as supplied in a phone company standard desk 
telephone. The value given to this ringer is Ringer 
Equivalence Number (REN) 1. If you look at the FCC 
registration label of your telephone, modem, or other 
device to be connected to the phone line, you'll see 
the REN number. It can be as high as 3.2, which 
means that device consumes the equivalent power of 
3.2 standard ringers, or 0.0, which means it consumes 
no current when subjected to a ringing signal. If you 
have problems with ringing, total up your RENs; if the 
total is greater than 5, disconnect ringers until your 
REN is at 5 or below. 

Other countries have various ways of expressing 
REN, and some systems will handle no more than 
three of their standard ringers. But whatever the 
system, if you add extra equipment and the phones 
stop ringing, or the phone answering machine won't 
pick up calls, the solution is disconnect ringers until 
the problem is resolved. Warbling ringers tend to draw 
less current than gong ringers, so changing from gong 
ringers to warbling ringers may help you spread the 
sound better. 

Frequency response is the second criterion by which 
a ringer is described. In the United States most gong 
ringers are electromechanically resonant. They are 
usually resonant at 20 and 30 Hz ( ± 3 Hz). The FCC 
refers to this as A so a normal gong ringer is described 
as REN 1.0A. The other common frequency response 
is known as type B. Type B ringers will respond to sig-
nals between 15.3 and 68.0 Hz. Warbling ringers are 
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9 MHz CRYSTAL FILTERS 
Appli- Band-

MODEL cation width Poles Prlco 

XF-9A S S B 2.4 kHz 5 S53.15 
XF-9B S S B 2.4 kHz 8 7205 
XF-9B-01 LSB 2,4 kHz 8 95.90 
XF-9B-02 USB 2.4 kHz 8 95.90 
XF-9B-10 S S B 2.4 kHz 10 125 65 
XF-9C AM 3.75 kHz 8 77 40 
XF-9D AM 5.0 KHZ 8 77 40 
XF-9E FM 12.0 kHz 8 77 40 
XF-9M CW 500 Hz 4 54.10 
X F 9 N B CW 500 Hz 8 95.90 
XF-9P CW 250 Hz 8 131.20 
XF910 IF noise 15 kHz 2 17 15 

10.7 MHz CRYSTAL FILTERS 
XF107A NBFM 12 kHz 8 $67.30 
XF107-B NBFM 15 kHz 8 67.30 
XFJ07-C WBFM 30 kHz 8 67.30 
XF107D WBFM 36 kHz 8 67.30 
XF107-E Pix/Dala 40 kHz 8 67.30 
XM107-S04 FM 14 kHz 4 30,15 
Export Inquiries Invitod Shipping $3 75 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
U-iu your existing HF Of 2M fig on other VHF or U» «F bends-

LOW NOISE RECEIVE CONVERTERS 
1891 MHz MMM69113 ? S249 9b 
1296 MHz GaAsFET MMkl296-l44G 149 95 
432/435 MMc432-28<S) 74.95 
439-ATV MMc439-Ch x 89 95 
220 MHz MMC220-28 74.95 
144 MHz MMC144 28 59.95 
Opt ions; Low NF (2.0 dB max.. 1.25 dB max), other bands & IF ' s available 

LINEAR TRANSVERTERS 
1296 MHz 18 W oulpul. 2M in MMH29S 144 G S299.95 
432/435 lOWoutpul. lOMin MMI4322BIS) 269.95 
144 MHz lOWoutpul. 10M In MMI144 2B 179 95 
Other bands S IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output UP1296-20L 439 95 
432/435 100 W output MML432 100 369 95 

50 W output MML432-50 199 95 
30 W oulpul MML432-30-LS 209.95 

144 MHz 200 W outpul MML144-200-S 374 95 
100 W oulpul MML144-100-LS 239 95 
50 W oulpul MML144.50-S 149 95 
30 W oulpul MML144-30 LS 109 95 

All models include VOX T/R switching. 
•*L" models 1 or 3Wdnvo, others lOWdnvo. 
S h i p p i n g , F O B C o n c o r d , M a s s 

ANTENNAS £ 
420-450 MHz MULTIBEAMS 
28 Etemonl 70/MBM28 12 dBd 
48 Etemonl 70/MBM48 15.7 dBd 
88 Element 70/MBM88 18 5 dBd 
144-148 MHr J-SLOTS 
10 - 10 Twis i I 0 X Y / S M I I 3 tJBd 

UHF LOOP YAGIS 
1250-1350 MHZ 29 loops 1296-LY 20dBI 
1650-1750 MHz 29 loops 1691-LY20dBi 
Order Loop-Vagi connector extra 

"STO-9&- $39 95 
-UxJh 59 95 

-105 DO - 89 95 

$49.95 
5995 

Type N S14.95. S M A S 5 95 

Send -lie (2 stamps) tor lull details ot all your VHF & UHF 
equipment and KVG crystal product requirements 

(617)263-2145 
SPECTRUM 

NTERNATIONAL, INC. 
. P6st Office Box 1084 
ord. M A 01742, U.S.A. 

all type B and some United States gong ringers are 
type B. Outside the United States, gong ringers appear 
to be non-frequency selective, or type B. 

Because a ringer is supposed to respond to AC 
waveforms, it will tend to respond to transients (such 
as switching transients) when the phone is hung up, 
or when the rotary dial is used on an extension phone. 
This is called "bell tap" in the United States; in other 
countries, it's often called "bell tinkle." While Euro-
pean and Asian phones tend to bell tap, or tinkle, 
United States ringers that bell tap are considered 
defective. The bell tap is designed out of gong ringers 
and fine tuned with bias springs. Warbling ringers for 
use in the United States are designed not to respond 
to short transients; this is usually accomplished by rec-
tifying the AC and filtering it before it powers the IC, 
then not switching on the output stage unless the vol-
tage lasts long enough to charge a second capacitor. 

c o n c l u s i o n 

This brief primer describing the working parts of a 
telephone is intended to provide a better understand-
ing of phone equipment. Note that most telephone 
regulatory agencies, including the FCC, forbid modi-
fication of anything that has been previously approved 
or attached to phone lines. 

h a m radio 

1985 
A.R.R.L. National Convention 

Louisville, Kentucky 
Sponsored by The Greater Louisville Hamfest Assn. 

October 4th, 5th and 6th 
From 12SB to 18BB Friday, B8BB to 181® Saturday, 

Q8BB to 1613Q EOT Sunday 

At the Kentucky Fair a n d Expos i t ion Center 
Take exit 12B off of I -264 in Louisville 
Ove r 250,000 sq. ft. of Floor S p a c e 

Devoted to the Convent ion 
Gigant ic Exhibitors A r e a and F lea Market 

Technical Forums, A .R .R .L . Meet ing, 
Fabu lou s Lad ie s P rog ram 
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Contact K F E C , P.O. Box 37130 
Louisville Ky. 4 0 2 3 3 (502-366-9592) 

Convent ion Motel — Executive West, 
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For Information Contact 

The Greater Louisville Hamfest Assn. 
P.O. Box 34444, Louisville, Ky. 40232 
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a DTMF controller for repeaters 
This multifunctional, 

expandable decoder 
uses high quality 

components — but 
doesn't cost a fortune 

to build 

Remote control of the various functions of a 
repeater is usually accomplished through the use of 
dual-tone multifrequency (DTMF) signals generated 
in a pushbutton touchtone pad. These signals can also 
be generated in computer-controlled synthesizers, but 
the end result is always the same — a series of tone-
encoded signals that must be detected and decoded 
to perform the intended function. Over the years a 
number of articles have appeared in Amateur publica-
tions concerning the decoding of the DTMF signal, 
but what to do with the decoded signals has often 
remained in question. The circuit described in this ar-
ticle may help to answer that question and perhaps 
encourage repeater technical committees whose 
members are thinking about modernizing or expanding 
their control circuitry. 

This multifunctional, expandable decoder features 
full DTMF decoding, multi-digit coding, latching out-
put, multi-source reset and a separate auxiliary out-
put, for use by system logic. It's DC coupled to greatly 
reduce falses from noise, and expandable. No adjust-
ments are necessary; no tedious alignment or periodic 

'Data sheet available from Silicon Systems, Inc., 14351 Myford Road, Tustin, 
California 92680. 

tweaking are required. Its circuits detect the sequence 
in which the decoded DTMF signals are received and, 
if the, sequence is correct, provide a latched open-
collector output that can be used to activate the in-
tended function. 

circuit description 
Two basic circuits comprise the DTMF controller: 

a DTMF decoder and a sequence detector (see fig. 
1). For practical repeater control it may be preferable 
to locate these two circuits on separate PC boards. 
However, for purposes of explanation, consider them 
to be located on one subassembly. 

The heart of the DTMF decoder is the SSI-201, 
manufactured by Silicon Systems, Inc. I won't go in-
to details of the chip's operation, except to say that 
it represents a quantum leap beyond the traditional 567 
decoder and exhibits central-office quality with respect 
to immunity to talk-off and noise falsing. This circuit 
was described in ham radio by KC9C1 and is esentially 
lifted from the data sheet* provided by the 
manufacturer. 

One addition that I made was to add the low-pass 
filter consisting of R1, R2, C1, and C2 (see fig. 2), 
which significantly improved the chip's tolerance to 
different pads in the field. No problems were encoun-
tered when the DTMF tones were generated in a 
Western Electric Series 35 pad, or equivalent. How-
ever, the vagaries of synthesized DTMF generators 
found in a variety of HTs and DTMF microphones 
made the decoder a little fussy — some pads would 
work, while others would not. Since the addition of 
the LPF, none of the pads used to access the decoder 
has failed to produce the correct outputs. 

When the correct tone pair is received at pin 12 of 
U1, a hexadecimal output is generated on pins 1, 20, 
21, and 22. These four data lines are applied directly 

By Terry Simonds. WB4FXD, PO Box 1558, 
Edgartown, Massachusetts 02539 
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fig. 1. D T M F controller block diagram. 
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component description 
CiCS 
AI.R2 

capaettor, 0 0 ) » r tm/c 
resistor, 1 kiiohm. 10 percent, 1/4 wttt 
retittor 1 megohm. 10 percent, 1/4 watt 
DTMF decoder, type SSI-201, Silicon Systems, Inc., 
available in kit form with 01, C4, C5. R3, Y), end 24-
pln socket from Engineerig Consulting. 539 Candle-
wood Street, Br**, Caltlornie 92621 
decoder, 4-to-16 Hne; 

Logic V selected output: type M5 '4 • or 
Logic "0 " s« l «c l «d output; type 14S1S 

he* buffer: inverting type 14009, 14049, etc. - or 

non-inverting type J4010, 14050, etc. 
crytlel. color burst (3.579545 MHz) 

SEQUENCE 
'detectors 

(FIG. 3) 

1 I 

fig. 2. D T M F decoder schematic diagram. Buffers U3-US may be omitted by substituting for U2 (see text). 

to U2, a 4- to 16-line decoder. Pin 18 of U1 produces 
a positive-going "valid-digit" pulse if both DTMF tones 
have been received and decoded. This pulse is applied 

directly to U2 as a strobe for that chip's operation and 
is inverted and applied to the sequence detector as 
a clock. 
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fig. 4. Decoder card. The heart of the decoder is the 24-pin 
chip — the SSI-201. Several components shown here are not 
required for basic decoder operation, but are used in other 
repeater-control functions. 

fig. 5. Sequence-detector card. The left half of the card has 
been programmed with the code *91. The right half is uncoded 
at the present. The vertically oriented chip at the top center 
is the output latch shared by the two sequence detectors on 
the card. 

The resulting output from U2 is logic 1 latched on 
one of its 16 output lines. By appropriately labeling 
these lines, one arrives at a unique output that corres-
ponds to the button that was pressed on the pad. 

Each output line from U2 is buffered and inverted 
in three hex inverter/buffers, U3-U5, for presentation 
to the sequence detector that follows. Note that these 
buffers are shown in the dashed box illustrated in fig. 
2. When I was designing the control system for our 
repeater, I was unsure of the number of stages that 
would follow the decoder, for reasons that will become 

apparent later. I therefore chose the 14514 decoder, 
which has a decoded "1" output and inverted this in 
the buffer. If it's known in advance what the load will 
be, it may be possible to substitute a 14515 for U2 and 
eliminate U3-U5 (the 14515 presents a decoded "0' 
on its output linel.t 

The purpose of the sequence detector is to produce 
a latched output if, and only if, the sequence of ffs 
received from the decoder coincides with a prepro-
grammed sequence of digits for the desired function. 
Figure 3 shows ihe schematic diagram of the 
sequence detector, which consists of a register and 
a latch. The register, made up of quad-D flip-flop U1 
and quad-OR U2, has applied to its DIGIT-1 through 
DIGIT-5 inputs the desired decoded digit lines from 
the decoder in the sequence that corresponds to the 
desired code. Also applied to the register at U1-9 is 
the clock signal from the decoder. 

As DTMF signals from the repeater receiver are 
decoded, ffs are momentarily placed on various of the 
16 lines to the sequence detector. At the same time, 
a clock signal is generated for each decoded digit. The 
first digit line in the code is connected to DIGIT-1, the 
second to DIGIT-2, and so on. The first 0 received on 
DIGIT-1 is clocked through U1A to its Q output, where 
it is stored and presented to OR gate U2A. The sec-
ond decoded digit, presented to the other input to 
U2A, produces a 0 at the output of U2A which, upon 
receiving the second clock pulse, is passed on the the 
Q output of U1B. The third 0 in the sequence is OR'ed 
in U2B to produce a 0 at U2-3. It can be seen that a 
logic 0 is then passed along from output to output of 
the register as the correct code is punched into the 
pad. Note that there are output lines.from the register 
corresponding to codes of two, three, four, and five 
digits. Any of these outputs can be used, depending 
on the number of digits in the code. If an incorrect digit 
appears in the code, a 1 will be clocked into the register 
at that point because there would not be a "desired 
digit line" as an input. This will cause the correspond-
ing OUT line to remain high. The valid sequence is thus 
lost, and must be entirely re-entered. 

The 0 from the appropriate OUT line is applied to 
SET input of conventional R-S flip-flop U3, configured 
as a dual-output latch. The Q output (pin 3) saturates 
transistor Q1 through R7, thereby pulling its collector 
to ground to actuate the selected function. The Q out-
put from the latch (pin 4) can be used as an auxiliary 
output if desired. A typical application would be as an 
interlock signal for the repeater controller logic. If an 
auxiliary output is not wanted, omit diode CR3. 

There are several ways that the latch can be reset 
and the function turned off; each requires that a 
logic 0 be placed on the latch RESET line. 

ITho nominal fan-out capability of a CMOS chip is 50. 
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component' description 
CHJ-CH3 diode, silicon, 1N4148 or equivalent 
R1-R6 resistor, 2.2 megohm, 10 percent, 1/4 watt 
R7 resistor, 10 kilohm, 10 percent, 1/4 watt 
U1 quad-D Hip-flop type 14175 or equivalent 
U2 quad 2-IN OR gate type 14071 or equivalent 
U3(1/2) quad 2-IN NAND gate type 14011 or equivalent 
•per detector — 2 detectors per card. 

fig. 3. Sequence detector schematic diagram. Resistors R1-R5 and diode CR3 may not be required; see text. 



Single-digit reset. If one of the digit lines from the 
decoder is connected to RESET, the latch will be reset 
when that digit is received. The most common would 
be #. 

External reset. A logic 0 applied through diode CR2 
will reset the latch. For example, if the function 
selected were autopatch, a negative-going pulse from 
the autopatch time-out timer could be connected here 
to reset the latch so that the patch would not be imme-
diately brought back up after time-out. If external reset 
is not needed, omit diode CR2. 

Multi-digit coded reset. If it is desired to provide a 
coded reset function, such as enabling the repeater 
transmitter after it has been "put to sleep," then SET 
is connected to an OUT line higher in number than 
that used to enable the function. For example, sup-
pose the code *7539 were to be used to disable the 
transmitter. The five digit lines corresponding to that 
code would be connected to DIGIT-1 through DIGIT-5 
in the code sequence and OUT-4 would be connected 
to the SET line of the latch. The OUT-2 line from the 
register would be connected to the RESET line of the 
latch. When the disable code *7539 is received, the 
latch is set and the output 0 is used to disable the 
transmitter, for example, by holding the receiver COR 
line low. To enable the transmitter, the code *75 would 
be used and the latch would be reset allowing the COR 
to operate the transmitter. This is not a particularly 
secure coding system, but it allows turning a function 
on and off with the same hardware and with a code 
that the average repeater user would not be able to 
"guess." Perhaps this is an acceptable tradeoff in 
component count and reliability. 

Another very practical application of single- and 
multi-digit reset would be in the restriction of certain 
types of calls made on the repeater autopatch. For toll 
restriction, use the single-digit approach. Toll calls can 
only be made by dialing a 0 or a 1 after you have re-
ceived dial tone. Assume a three-digit autopatch-
access code. Connect the digit lines from the decoder 
in the correct sequence to the sequence detector 
DIGIT inputs and connect the OUT-2 line to the SET 
line of the latch. Then diode-OR digits 1 and 0 to 
DIGIT-4 and connect OUT-3 to RESET. When you 
now try to dial 7 or 0 as the first digit after the patch 
has been brought up, it will be immediately discon-
nected. To restrict calls to certain central offices, 
diode-OR the first two digits of the prohibited offices 
to DIGIT-4 and DIGIT-5 and connect OUT-4 to RESET. 
This latter method may be particularly attractive to 
repeater groups whose telephone billing is based on 
message unit systems. 

Note resistors R1-R5. These are pull-ups to hold the 

gate inputs high if there is not a digit line or output 
line connected. This is necessary to prevent possible 
instability due to floating gate input. R6 performs the 
same function in the latch. Since this gate input is 
diode-coupled, R6 must be installed at all times. 

construction details 
The DTMF controller for our repeater was built as 

several subassemblies; the decoder and its associated 
circuits occupy one 4.5 x 6 inch (11 x 15 cm) perf-
board, while two sequence detectors are located on 
each of several identically sized PC cards. Figure 4 
shows the decoder card. The 555 timer in the upper 
left corner is not required for decoder operation. Its 
function in the repeater controller is to mute the DTMF 
tones to the transmitter so that they are not retrans-
mitted. This affords increased security of repeater 
codes, and somewhat calms the nerves of the control 
operators. The slide switch is used to select muting 
or non-muting of the tones and is also not required. 
The transistor, seen near the lower left corner, is not 
shown on the schematic. It functions as a power-up 
sequencer for the card, required because of different 
logic voltages used in the repeater controller logic 
system, but is not necessary for decoder operation. 

Figure 5 shows one of the sequence-detector cards 
used in the repeater controller. This card is shown with 
jumpers installed for control code *91 and the diode 
installed for an auxiliary output for that function. When 
the photo was taken, the right half of the card was 
not required and was therefore left blank. Another 
function has since been added, jumpers have been 
appropriately arranged, and the necessary chips in-
stalled in their sockets. 

expansion and change 
As every repeater operator knows, there's no such 

thing as a finished machine. There are always changes 
to be made, more functions to be added, and codes 
to change for one reason or another. With the con-
troller described here, this becomes a relatively simple 
task. 

For example, if an access code is to be changed, 
all that has to be done is to move a few jumpers 
around. If you want to add a new function and all the 
sequence-detector cards are in use, it's a simple matter 
to fabricate another one, code it, and install it in the 
controller card cage. If the digit and clock lines from 
the decoder are "daisy-chained" to a reasonably large 
number of "dedicated-spare" sockets, together with 
Vqd, ground, and reset, then backplane wiring in the 
card cage at the time of addition would be significantly 
reduced. All that would be required would be to con-
nect a FUNCTION ON line and the AUX OUT line if 
desired. 

Because, at the time of design, I did not know what 
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functions were to be included in the final configura-
tion of the repeater, I buffered the digit and clock lines 
from the decoder card. So configured, the DTMF 
decoder should be able to drive all the sequence detec-
tors or other loads required by the wildest imagina-
tion of any repeater technical committee! 

conclusion 
The simple circuit described here has been in opera-

tion for several months in the Vineyard Amateur Radio 
Association's 220-MHz machine on Martha's Vineyard. 
It has performed according to design in all respects 
and has afforded control of our machine's various 
functions without fail. Barring a near hit by lightning 
or a catastrophic failure in the power supply, it should 
remain operative for years. While not providing the 
flexibility over control functions that a micro-based 
system could, this control system comes close and is 
considerably simpler and less expensive to build. 
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1. Mark Forbes, KC9C, " A State-of-the-Art Touchtone Decoder." ham radio. 
Apri l , 1983, page 27. 
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VHF/UHF WORLD 

SIDE VIEW END VIEW 

fig. 1. The original G3JVL loop Yagi. Note the plane reflector. The feed passes through 
the boom rather than through the driven element. 

designing and building 
loop Yagis 
Antennas are always an exciting 
subject. Even more exciting is the in-
troduction of a new type of design. 

The loop Yagi is one new design 
that's become quite a performer, espe-
cially on 23 and 13 cm (1296 and 2304 
MHz). However, its design parameters 
have not been widely available (especi-
ally in North America) and are often 
confusing. 

Recently I had a call from Vern 
"R ip " Riportella, WA2LQQ, who 
wanted to know if the loop Yagi would 
work well on OSCAR 10, Mode " L . " 
"Of course it will work," I told him, 
and pointed out that several stations 
were already using them. "But how do 
I build one?" he asked. Well, that got 
things rolling. 

At Rip's suggestion, I moved this 
article a few months ahead on my 
planned schedule so that more stations 
could take advantage of the loop Yagi, 
especially on OSCAR 10. When you 
finish reading this month's column you 
should have all the material necessary 
on loop Yagis performance and know 
how to design and construct one of 
your own. 

development of the loop Yagi 
The loop Yagi, as we know it, came 

into existence in the back yard of Mike 
Walters, G3JVL, in 1974. Mike was 
trying to obtain high gain at 23 cm on 
a single long boom instead of using a 
parabolic dish. He tried and discarded 
many combinations of wire loops simi-
lar to quad elements; tuning was 
always critical and the gain was far less 
than expected. 

Then Mike tried using thin (0.028 
inch or 0.7 mm) flat strips of aluminum 
0.1875 inch (4.8 mm) wide mounted 
on a 1/2-inch (12.7 mm) diameter 
boom. Gain was almost immediately 
realized. Using the heuristic (cut-and-
try!) approach and a large box of dif-

ferent length loops, he moved the ele-
ments around to various positions on 
a boom to optimize gain as indicated 
on a signal strength meter. 

What finally evolved was a 24-direc-
tor loop Yagi on an 81-inch (206-cm) 
boom with one driven element and 
two reflectors, as shown in fig. I.1 

One reflector was a regular loop placed 
close behind the driven element. The 
second reflector consisted of a rectan-
gular perforated aluminum sheet 
measuring 4-112 by 5 -1 /2 inches (11.5 
x 14 cm) and mounted on the rear of 
the boom. The driven element is fed 
directly at the top with a short length 
of 0.141 inch (3 mm) diameter 50-ohm 
semi-rigid coax. 

Yagi versus loop Yagi 
You may ask, "Why all the fuss 

about loop Yagis?" The answer lies 
mainly in their mechanical design. 
Really long Yagis (over 10 wavelengths 
long) with high gain (over 18 dBi) were 
not readily available until the 1980's.2 

Furthermore, long Yagi dimensions are 
very critical if optimum gain and low 
side lobes are desired. UHF and micro-
wave designs are even more critical. 
For instance, at 23 cm the typical Yagi 
tolerance should be within ±0.003 
wavelengths, with 0.001 wavelength 
preferred.3 This equates to a 23 cm 
tolerance of 0.027 and 0.009 inches 
(0.069 and 0.023 mm), respectively -
and these tolerances are quite difficult 
to maintain. 

Metallic boom Yagis also require a 
correction factor to be applied to each 
element. (This area is still quite con-
troversial.) Add this to the problems of 
conductivity to the boom or the capac-
itive and inductive effects of through 
the boom mounting with insulated ele-
ments and you have a tall order to fill. 

Don't overlook the feed system in a 
Yagi antenna. For a good match, you 
must have a good mechanical assem-
bly that can tune out variations in the 
design, and the antenna should prefer-
ably be fed with a balanced feed sys-
tem. This implies the use of a bafun, 
another item requiring good tolerances 
and construction techniques. 

Many of the previously mentioned 
items were designed out or improved 
in the G3JVL loop Yagi designs. 
Mechanical duplication is straightfor-
ward. For instance, elements are 
mounted on top of the boom and con-
nected with just one screw. Various 
boom diameter corrections are quite 
well documented, as we shall shortly 
see. Similarly, the loop length, width 
and thickness have been carefully tab-
ulated with correction factors for dif-
ferent sizes and frequencies. Finally, a 
unique driven element feed system 
with a built-in balun was developed. 
Thus the loop Yagi is relatively easy to 
duplicate. 

By now you must be asking what 
the disadvantages must be. Well, the 
main problem is that there just aren't 
a lot of recipes. In fact, there have 
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fig. 2A. The basic 28-element loop Yagi, with mechanical dimensions based on 1296 
MHz. When constructing a 38 or 45-alement loop Yagi, add additional loops as required, 
spacing them each 3.56 inches (90.42 mm) further down the boom as described in text. 

been only three major designs pub-
lished for 28, 38, and 45 elements.14 5 

Even these designs could probably use 
some improvements to reduce the first 
side lobe levels. 

The loop Yagi also has a fair wind 
load. Several years ago Rick Commo, 
K1 LOG, and I set out to build a 70 cm 
(432 MHz), 28-element loop Yagi. It 
looked truly inspiring and had very 
good gain when we measured it on my 
backyard antenna range. But plans to 
install it at K1 LOG's QTH had to be 
abandoned halfway up the tower, be-
cause even in a 10 mph (16 km) wind, 
holding on to the antenna was like 
holding on to a large sail! So loop 
Yagis simply aren't practical below 
about 900 MHz. 

Another loop Yagi headache is large 
birds since they can easily bend or flat-
ten the loops if they decide to roost on 
them. G3JVL solved most of this prob-
lem by mounting his loop Yagi anten-
nas upside down! 

A third problem is deterioration of 
the joints after long exposure to the 
elements. This, however, is quite man-
ageable, as we shall see. 

loop Yagi variations 
and improvements 

Many of the disadvantages men-
tioned above have been solved or cir-
cumvented and the loop Yagi — still 
a high-performance antenna — is 
widely accepted on OSCAR 10 and the 
23 and 13 cm bands. If you're looking 
for an antenna that's relatively easy to 
duplicate and provides high gain on 23 
cm and up, this may be the one for 
you. 

Soon after the original design was 
published, several persons built models 
and frequency-swept the response.1 

Some dips in gain were noted, especi-
ally below the frequency of interest. 
Although this isn't normally a problem, 
it can be if tolerances vary. The first 
improvement was the addition of an-
other director between directors 4 and 
5 of the original design.4 This also 
broadened bandwidth and increased 
gain by about 0.5 dB. 

Shortly after I built my first loop Yagi 

September 1985 SB 57 



in 1978,1 became disillusioned with the 
plane reflector. It was difficult to fabri-
cate and has a wind load that caused 
it to act like the tail end of a weather 
vane! But removing the plane reflec-
tor caused the gain to drop as much 
as 1 dB. I tried a variety of substitutes 
and finally settled for a second reflec-
tor loop, identical to the first one (just 
behind the driven element) but placed 
at the rear of the boom. It had far less 
wind load than the plane reflector and 
was easier to fabricate; the only per-
ceptible change noted was perhaps a 
0.1 dB drop in forward gain, a small 
penalty for the simplification it yielded. 

Since the original design was con-
ceived, the feed system has been im-
proved. Originally the semirigid coax 
passed to the rear of the driven ele-
ment and through the boom as shown 
in fig. 1. G3JVL found that if you pass 
the same coax directly through the 
lower portion of the driven element 
and correctly shape the element, a 
quarter-wave type of balun is formed.4 

Other improvements made by 
G3JVL included higher gain for the ori-
ginal design, longer boom models, and 
correction factors for changing loop 
thickness and width as well as boom 
diameter. The latter makes frequency 
scaling the loop Yagi a breeze.® 

how to design a loop Yagi 
Let's look at the designs available. 

The improved original design now uses 
28 elements with two different director 
lengths as shown in fig. 2 and table 
1. A/I the loop lengths shown in table 
1 are based on the original design with 
a boom diameter of 1/2 inch (12.7 
mm) and loops made from flat alumi-
num strips 3/ Winches (4.76mm) wide 
and0.028inches (0.71 mm) thick. This 
will be the reference point for all other 

designs. Also note that the length of 
the loops is equal to the distance be-
tween the mounting holes. An extra 
0.25 inch (6 mm) should be added to 
each end. 

I immediately found these sizes to 
be unacceptable. First, the elements 
were too narrow and would often 
break at the screw holes when they 
were tightened to the boom. This 
problem was overcome by using a 
wider (0.25 inch or 6.35 mm) strip. 
Also the 0.028 inch (0.71 mm) alumi-
num is not commonly available in the 
United States but 0.032 inch (0.81 
mm) material is. Finally, the 1/2 inch 
(12.7 mm) diameter boom is too flimsy 
in areas where snow and ice are com-
mon. Adding extra support struts 
helps, but a larger diameter boom is 
still recommended. 

Calculating these changes becomes 
very simple with the correction factors 
that G3JVL later derived.5 This infor-
mation is shown on individual graphs 
in fig. 3 (the correction factor for 
boom diameter changes! and figs. 4 
and 5 (correction factors for different 
loop widths and thicknesses, 
respectively). 

Let's work through an example. I 
prefer to use a 3/4 inch (19 mm) boom 
and loops that are 1/4 inch (6.35 mm) 
wide and 0.032 inch (0.081 mm) thick. 
Looking at figs. 3, 4, and 5, we see 
that corrections are +0.9, -0.3, and 
+ 0.04 percent, respectively. Adding 
these corrections together, we get a 
net change of +0.64 percent. This 
means that if we select new sizes of 
materials, all we have to do is increase 
the sizes of all directors and reflectors 
shown in fig. 2 by 0.64 percent. 
Therefore, the scaled directors will 
now be 8.303 inches (211 mm) and 
8.051 inches (205 mm), respectively. 

The reflectors will measure 9.732 
inches (247 mm). 

other designs 
The compact 28-element has a gain 

equivalent to that of a 35-inch (90-cm) 
dish. But if you want a model with a 
higher gain, you may want to build a 
38 or 45-element loop Yagi — roughly 
equivalent to a 39-inch (1 meter) and 
43-inch (1.1-meter) dish, respectively 
— instead. 

Table 1 shows the lengths of the 38 
and 45-element designs. Again, these 
are based on the original boom diam-
eter and loops as noted above. Note 

D 
DETAIL- "A" ^ 

(3mm) 

fig. 2C. The driven element is construc-
ted as shown using a brass or copper 
strap 0.2S inch (6.36 mm) wide and 0.032 
inch (0.81 mm) thick. The length is 
shown in table 1 and is the distance be-
tween the center of the attachment 
holes. See text for final checkout. 

DRILL r/8" 
HOLE 

DRILL 1/8" 
HOLE 

tFHOM TABLE I) 
LOOP LENGTH 

o.es" 
(e.4mml 
« PLACESI 

fig. 2B. Loop length is measured from hole to hole. Note that an extra 0.2S inch (6.4 mm) 
of aluminum strap should be provided at both ends of each loop for mechanical stability. 
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table 1. 1296 MHz loop-Yagi element lengths. 

28 elements 38 elements 45 elements 
design inches mm inches mm inches mm 

reflector 1 St 2 9.67 (9.732) 246 (247) 9.67 (9.732) 246 (247) 9.67 (9.732) 246 (247) 
driven element 9.23 (9.292) 234 (236) 9.23 (9.292) 234 (236) 9.23 (9.292) 234 (236) 
directors 1-11 8.25 (8.303) 209 (211) 8.25 (8.303) 209 (211) 8.25 (8.303) 209 (211) 
directors 12-18 8.00 (8.051) 203 (205) 8.00 (8.051) 203 (205) 8.00 (8.051) 203 (205) 
directors 19-23 8.00 (8.051) 203 (205) 7.70 (7.749I 196 (197) 7.75 (7.800) 197 (198) 
directors 24-25 8.00 (8.051) 203 (205) 7.70 (7.749) 196 (197) 7.65 (7.699) 194 (196) 
directors 26-35 7.70 (7.749) 196 (197) 7.65 (7.699) 194 (196) 
directors 36-42 7.50 (7.548) 191 (192) 

The numbers shown above are the reference element lengths for designing a loop Vagi at 1296 MHz. These dimensions are based on a 0.5 inch (12.7 mml 
boom diametec with 3/16 inch (4.76 mml wide by 0.028 inch (0.71 mml thick loops. The lengths shown in parenthesis are for use of a 3/4-inch (19 mml 
boom and loops that are 1 /4 inch (6.35 mm) wide and 0.032 inch (0.81 mm) thick. Other size material can be used if scaled as discussed in the text. 

fig. 2D. Overall assembly showing connector mounting, mast bracket (per fig. 7) and the recommended supporting bars. The feed 
system shown may not be desired if stacking is used as described in text. 

(O) (6.351 (12.n (19.0) (25.4) 

INCHES 
BOOM DIAMETE0 

(mml 

fig. 3. Use this graph to determine cor-
rection factors for booms other than 0.5 
inch (12.7 mm) in diameter. 

o +0.5 

Of O.Z 0.3 0.4 

(2.54) (5.1) (T.6i (10.2) 

WIDTH OF LOOP INCHES 
(mm) 

fig. 4. Use this graph to determine cor-
rection factors for loop widths other 
than 0.188 inch (7.76 mm). 

lO.SU to.re) II.OS! H.S7) tt.St) II 7a) 

INCHES 

fig. 5. Use this graph to determine cor-
rection factors for loop thickness other 
than 0.028 inch (0.7 mm). 

that all new directors on the longer 
boom designs are moved out an addi-
tional 3.56 inches (9.04 cm). However, 
the diameter of the loops varies with 
a slightly different tapering schedule. 

For those who don't want to go 
through the scaling exercise, I've 
listed, in table 1 (in parentheses), the 
recommended sizes for the 28, 38, and 
45-element designs using a 3/4 inch 
(19 mm) boom and loops that are 
0.032 inch (0.91 mm) thick and 1/4 
inch (6.35 mm) wide. Different sizes 
can also be used, but you'll have to 
work out the new values yourself! 

frequency scaling 

If you want to operate at a fre-
quency other than 1296, how do you 
perform the scaling? It actually isn't 
that complicated. All it requires is a 
hand calculator, some scratch paper 
and some thoughtl All data can be 
found on the scaling charts. 

For example, suppose you want to 
make an optimized OSCAR Mode L 
design. 1269 MHz is actually only 
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boom length gain* equivalent dish size* BW* stacking distance in X 
design (in X) (dBi) (inches) (meters) (degrees) (E plane) IH plane) 

28-element 9.0 19.0 35 0.9 18.0 2.50 2.30 
38-element 13.2 20.0 39 1.0 16.5 2.75 2.55 
45-element 15.7 20.7 43 1.1 15.0 2.85 2.65 
"Approximate 

about 2 percent lower in frequency 
that 1296 MHz. In reality, the models 
shown work quite well even though 
they're made for 1296 MHz, since the 
bandwidth of a typical Yagi type struc-
ture is usually good for at least - 2 to 
+ 1 percent. But let's say you really 
want to optimize the design without 
compromise. 

In order to exactly duplicate the per-
formance, all element dimensions and 
spacings must be increased by 2 per-
cent (1296-1269/1296). The spacing is 
easy. Just make all spacings 2 percent 
or 1.02 times the values shown in the 
figures and the table. 

Then scale the new boom diameter. 
Let's say you want to use a 3/4 inch 
(19 mm) boom at 1269 MHz. First you 
have to design the boom as if it were 
2 percent smaller in diameter at 1296. 
For example, if we have a boom 0.735 
inches (18.67 mm) in diameter at 1296, 
it will be equivalent to 0.750 inch (19 
mm) in diameter at 1269 MHz. The 
correction factor for 0.735 inch (19 
mm) at 1296 is approximately +0.8 
percent. 

The elements are done in the same 
fashion; they're shortened by 2 per-
cent at 1296 MHz and looked up in 
figs. 4 and 5. Then the changes are 
added to the boom correction for the 
final correction. If the frequency is 
above 1296, the boom correction and 
element parameters must be length-
ened by the equivalent percentage at 
1296. Proceed in the same way as 
already described. 

construction 
The loop locations should be 

marked carefully on the boom as 
shown in fig. 2. This is a very impor-
tant procedure that should not be 
taken lightly. Because spacings are 

quite close for the first directors, a 
build-up tolerance could occur. I've 
therefore shown all dimensions refer-
enced from the rear of the boom to 
prevent tolerance buildup. 

For best symmetry, the boom 
should be drilled while supported in 
either a " V " block or a Porta Vise.™ 
After the first element hole is drilled, 
a dummy element should be fastened 
in place. This will provide a reference 
point for drilling successive holes so 
that they'll all be located in the same 
plane. Admittedly, this is less of a 
problem on a loop Yagi than a conven-
tional Yagi since the elements can be 
leveled by pushing them sideways for 
alignment. Finally, drill out the larger 
hole for the driven element mounting 
screw. 

Next, center-punch each loop for 
the proper length as shown in fig. 2, 
leaving about 0.25 inches (6.35 mm! of 
extra material on each end. Make sure 
the punch is centered on the loop 
width since any sideways skewing will 
weaken the joint. Also, use the small-
est possible drill to just pass the screw 
shank. 

The loops can be pre-formed by roll-
ing them on a piece of tubing or 
dowel. Next insert the screw while 
drawing the two ends together, insert-
ing the screw through the boom in the 
correct location and securing it with a 
lock washer and nut. Do not over-
tighten; this will deform the loop 
material. 

Assembling the driven element is a 
little tricky. It must first be soldered 
together as a sub-assembly as shown 
in fig. 2. Then pass the mounting 
screw through the boom and secure it 
with the nut. (Suitable semi-rigid trans-
mission line can be purchased from 
Microwave Components, WB8EUU, 

11216 Cape Cod, Taylor, Michigan 
48180, for approximately $2.00 per 
foot.) 

Now add the connector. For maxi-
mum strength, rigidity, and reliability, 
it should be mounted on a small right 
angle plate attached to the boom. This 
simple, low-cost assembly with the 
shield, suggested to me by Bob 
Johnson, K9KFR, has worked well on-
the four loop Yagis I presently use. 

Alternatively, a type O S N ™ * male 
" N " cable connector can be attached 
directly to the semi-rigid transmission 
line. This method offers an advantage 
if you're going to stack your antennas. 
You can use a transmission line the 
proper length required to reach the 
power splitter (more on this later). 

other variations 
Other loop widths can be used on 

this design if they're properly scaled by 
the methods already discussed. For in-
stance, if some of the elements are 
widened, it may be possible to use a 
uniform length loop on the shorter 
model. 

A s mentioned earlier, the simplicity 
of the element attachment to the 
boom is one of the selling points of this 
design. But the place at which the loop 
attaches to the boom is a high current 
point. Therefore, if the elements are 
not tightened properly, the joints can 
corrode, resulting in increased loss in 
the future. 

Several methods have been used to 
circumvent this problem. One is to 
coat the joints with an epoxy or sealant 
type of material after assembly. A sec-
ond, more complex mounting method 
is to rotate all the elements 90 degrees. 

First, a single screw, washer, and 

* "OSN" is a trademark of Omni-Spectra, Inc. 
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nut hold the loop ends together. Then 
a second hole is drilled one-fourth the 
distance between the end mounting 
holes in each loop. Finally the loops are 
attached with another screw to the 
boom. This locates the point at which 
the loops are attached at a voltage 
node. 

Remember that all sizes given, in-
cluding sizes on the scaling charts, are 

fig. 6. This is a simple power splitter 
using three type "N" coaxial Tee adapt-
ers. Note 1: Type UG 107A/U recom-
mended but UG 107B/U is usable with 
slightly higher VSWR. Note 2: Either a 
UG 107B/U or UG 28A/U are usable. 

based on mounting loops exactly as 
shown. Any deviations will upset the 
correction factors and possibly de-
grade performance. Several years ago, 
for example, a number of these loop 
Yagis were distributed in kit form by 
a midwest Amateur. Although the 
design was satisfactory, the instruc-
tions recommended, for mechanical 
reasons, that a lock washer be placed 
between the loop and the boom rather 
than between the boom and the nut. 
The effect of this instruction was sub-
tle. Since the element was now further 
removed from the boom, the boom 
correction was diminished, and the 
elements therefore resonated at a 
slightly lower frequency. The net result 
was a 0.5 to 0.75 dB gain decrease and 
higher side lobes. Removing the 
washer, cleaning up the surfaces, and 
then placing the washer on the other 
side of the boom instantly restored the 
antenna's original design performance. 

stacking loop Yagis 
The designs given in this month's 

column will work fine by themselves. 
However, there's always somebody 
who wants more gain. Since loop 
Yagis have lower wind loss than dishes 
(one of the prime reasons for using this 

3/4"<!9mm) ANGLE, ALUMINUM 

design), they're often stacked to ob-
tain higher gain. 

Recommended stacking distances 
and configurations are discussed in 
references 6 and 7. Table 2 lists elec-
trical parameters to follow for proper 
stacking on all three models just 
discussed. Generally speaking, the 
spacings shown may seem too close, 
but they were confirmed at my QTH 
by a series of tests using both a signal 
source and on-the-air test. 

When stacking antennas at such 
high frequencies, phasing harness 
losses and phase lengths are very im-
portant. Four matched phasing lines 
can be brought to the mast where a 
power splitter is attached — or you can 
use an identical length of the same 
amount of semi-rigid coax as men-
tioned earlier. You can then use short 
phasing lines with the back plane feed 
method as discussed. 

Any suitable two-way or four-way 
in-phase power divider can be used.7 

One simple and usually inexpensive 
power divider can be made for 23 cm 
operation by combining three UG 
107A/U type N Tee adapters as shown 
in f ig. 6." The longer (and older) type 
UG 107A/U is recommended because 
it's closer to the desired phase length. 
However, the newer UG 107B/U will 
work with slightly higher VSWR. 
These coax adapters are readily 
available at flea markets. 

Loop Yagis are usually mounted on 
brackets similar to the one shown in 
fig. 7. These brackets are then attach-
ed to a mast or a stacking frame. If 
two- or four-loop Yagis are stacked 
vertically, it's often more convenient 
to turn the lower ones upside down so 
that the mast doesn't have to pass 
through the boom or loops. In this 
case, remember to invert the feed on 
the upside down antennas so that 
they're not fed out of phase.7 

You may ask whether the mast can 
be placed through a loop Yagi as is 
typically done on Yagi antennas. The 
answer is yes, but the diameter should 
be kept reasonable and the mast 
should preferably pass midway be-
tween two loops. Tests conducted by 
G3JVL showed a slight gain reduction 

o o SEE NOTE 
-SEE NOTE I 

-HOLES FOR MAST CLAMP 
4S REQUIRED ft PLACES SHOWN! 

(63*tm) 16.4m*} 

fig. 7. A recommended mast to boom mounting bracket. Material is aluminum. Note 1: 
Heliarc the angle aluminum and plate together at this point. Most local welding shops 
can provide this service. 
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fig. 8. This is a polar plot of the typical " E " plane of a 45 element loop Yagi. Other 
designs will have similar patterns but with wider half-power beamwidth as shown in 
table 2. 

(approximately 0.25 dB) when a large 
(2 inch or 51 mm) diameter boom was 
passed through the plane of a 23-cm 
loop Yagi. 

Supports or trusses should be used 
to stabilize and strengthen the boom, 
especially where ice and snow are 
prevalent. This can easily be done by 
attaching a piece of tubing between a 
point about two thirds the distance out 
on the boom and the bottom corner of 
the mounting plate shown in f ig. 7. 
This tubing can have the same or 
slightly smaller diameter as the boom. 

final performance evaluation 
Once the loop Yagi is completely 

assembled, it should be mounted on 
a mast in a clear area and pointed 
away from any local objects. Then the 
VSWR should be measured. If it is not 
below 1.5:1, bend the first reflector or 
the first director closer or further away 
from the driven element for a better 
match. Sometimes even the second 
director can be bent slightly to 
enhance VSWR., If all else fails, 
shorten or lengthen the driven element 
slightly. 

After the antenna is mounted in its 
final resting place, the pattern can be 
tested. The beamwidth is narrow as 
shown in table 2. The first side lobes 

should be at least 10 dB and usually 
13 or so dB below the main lobe. If 
not, you may have scaled your dimen-
sions improperly. 

For reference, see f ig. 8, in which 
a pattern adapted from an equivalent 
13 cm (2304 MHz) 45 element loop 
Yagi is shown. The initial data for this 
pattern was done on a professional an-
tenna range and supplied to me by 
N3CX. The 2304 MHz loop Yagi will be 
covered in a paper I'll be presenting at 
the First Annual 1296/2304 MHz con-
ference in Estes Park, Colorado from 
September 20 to 22 (see end of col-
umn). Note that the nulls between the 
main beam and the side lobes can be 
easily used to determine beamwidth, 
as described in reference 9. 

summary 
The loop Yagi is an exciting and 

relatively new antenna design that has 
been well received as a true performer. 
In this month's column I've tried to 
provide some overall background in-
formation on its design along with pro-
cedures for modifying the design for 
other frequencies and material sizes to 
suit the builder. 

This antenna isn't a panacea, nor 
does it necessarily offer any more gain 
than a well-designed Yagi. However, 

it's easily reproduced and has much 
less wind load than an equivalent dish 
of the same gain. Models have been 
made to frequencies as high as 3 cm 
(10 GHz) with equivalent performance. 
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September 20-22: 
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October 1 B.-
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International Region 1 
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ARRL VHF QSO Party 
EME Perigee 
First Annual 1296/2304 
MHz Conference, Estes 
Park, Colorado IContact 
W0PWI 
Mid-Atlantic States VHF 
Conference, Warminster, 
Pennsylvania (Contact 
WA20MYI 
International Region 1 
UHF/SHF Contest 
Peak of Draconids 
Meteor Shower predicted 
at 0300 UTC 
EME Perigee 
Peak of Orionids Meteor 
Shower predicted at 1100 
UTC 
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PRACTICALLY SPEAKING... 
by Joe Carr, K4IPV 

now that the warranty 
has expired. . . 
The big day has finally arrived. 
After months — or years — of scrim-
ping and saving, you've plunked down 
a kilobuck or so for a new transceiver. 
It's a gleaming engineering marvel with 
knobs, dials, and a luminous digital 
display. A firm squeeze on the Push-
To-Talk button and your voice projects 
instantly and effortlessly around the 
world. 

But sooner or later, long after the in-
itial euphoria has worn off, you're go-
ing to have to consider what we all 
dread: repairing the rig. Repairing elec-
tronic equipment is like buying in-
surance; most of us never give it a mo-
ment's thought until something cata-
strophic happens. A little planning in 
this regard can make the difference 
between quick success or being off the 
air for weeks while the rig moves 
through the repair "pipeline." 

The first time to think about repairs 
is while you're unpacking the new rig: 
should it have to be shipped back to 
the manufacturer's or importer's repair 
shop, that original packing carton is 
probably the best shipping container 
available. Unpack carefully, taking care 
not to destroy the carton in your 
eagerness to get to the goodies. 

You think that's a bit extreme? After 
all, who has room to store that enor-
mous cardboard shipping crate? I called 
the repair shop service manager for a 
major mail order seller of ham gear; he 
told me that all too often, improper 
packing results in shipping damage, 
often hidden, that must be repaired at 
the owner's expense before the war-
ranty problem can be examined. Some-

times the shipping damage completely 
masks rightful warranty repairs — for 
example, a broken printed circuit 
board track. 

An old grocery carton and three 
inches of newspaper are not proper 
shipping materials! Nor is it prudent to 
use a single wrap of masking tape to 
seal the carton; rigs have been "lost 
in the mail" because of inadequate 
sealing of perfectly adequate shipping 
containers. Use two runs of broad 
nylon filament tape, wrapped around 
the carton in both directions. Top this 
off with plastic film tape or paper pack-
ing tape (the kind you have to 
moisten). Tape a card with your name, 
callsign, address, and telephone 
number directly to the rig, just in case 
your rig becomes separated from its 
packaging. 

It's not prudent to ship more than 
one item per container. My contact 
told me of one fellow who shipped an 
in-warranty Kenwood TS-120S in the 
same substandard carton as the 
12-volt DC, 20-ampere AC power 
supply that powers the rig. That heavy 
power supply bounced around that 
newspaper-lined cardboard box like a 
cannonball and mashed the TS-120S 
to bits! Unfortunately, because the 
damage was caused by improper pack-
ing, neither the shipper nor the 
manufacturer could cover the damage. 

In general, it's wise to not ship items 
such as external power supplies, micro-
phones, telegraph keys, loudspeakers, 
headphones and other accessories un-
less told to do so by the repair shop. 
Twenty years of working in various re-
pair shops left me with many memories 
of lost customer property. If your 
transceiver is bad, then ship only the 

transceiver. Keep the other stuff at 
home. You can be certain that an 
authorized repair shop will have an 
adequate DC power supply, speaker or 
microphone on hand for testing the 
equipment. 

do you really have a 
problem? 

In one shop where I worked, our ser-
vice jobs ran about 40 percent "NFF" 
— No Fault Found — although some 
of the technicians had a more vulgar 
way of putting it. That means that the 
user diagnosed a fault when none ex-
isted, and the unit was out of service 
for no reason at all. 

Eliminating the NFF takes a little 
common sense. If you suspect a mal-
function, check all connections, acces-
sories, and switch settings. Consult 
the troubleshooting chart in the 
owner's manual. I know it sounds 
dumb, but many a "probable blown 
fuse" complaint results from the AC 
power cord's being disconnected from 
the wall socket. 

You'd be surprised to know how 
often a "won't transmit" complaint is 
traced to a broken PTT wire in the 
microphone connector. If your unit 
won't transmit, try several operating 
modes. If the rig won't "push to talk," 
but does work on CW mode, then it's 
a fair bet that the microphone is faulty. 
Similarly, if your rig will work on VOX 
but not on PTT, then the PTT wire is 
probably at fault. A little common 
sense goes a long way. 

I prefer to keep certain accessories 
on hand to check my rig; for example, 
r normally have a spare microphone. 
Because I'm rarely fond of the stan-
dard handheld microphones that come 
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with new rigs, I buy another model — 
either a desk mike for the home rig or 
a touchtone mike for the 2-meter 
mobile rig. It's a simple matter to squir-
rel away the original mike, or I would 
buy a standby replacement mike, to 
use in troubleshooting problems later. 

Other useful items to have on hand 
are a dummy load and RF wattmeter. 
Although I now use a Bird Model 43, 
a simple $30 VSWR meter is also han-
dy for troubleshooting. In the latter 
case, however, the reading is relative 
only, so it helps to make a record of 
readings and knob settings when the 
rig is known to be working properly. 
Take the readings with the rig driving 
a dummy load, and then record the 
readings and the knob settings that 
created them. A deflection of 50 to 80 
percent of full scale is suitable. 

what to fix 
Although some "old timers" like me, 

with 25 or more years in Amateur 
Radio behind us, loathe the idea of not 
being able to repair our own rigs, it's 
nonetheless necessary to recognize 
that some problems will inevitably be 
"Beyond Capability of Maintenance" 
(BCM). If the rig is BCM, then it needs 
to go the service shop. 

You have to decide what repairs 
you're willing (and able) to undertake. 
Part of this decision will depend on the 
design of the rig, while part will be 
based on the capabilities of your work-
shop test equipment. Another factor 
is your personality: if you're fearful of 
breaking into your rig, then it's proba-
bly best to leave that job to others. 

Of course, it's also possible to 
reduce the fear factor by working 
under the supervision of an "Elmer" 
who has repair savvy. 

In general, the repair of purely me-
chanical problems with minor controls 
(for example, toggle switches or 
potentiometers), visible solder joint 
problems on printed circuit boards, 
and DC power supply problems should 
be well within the capability of most 
Amateurs. It's also possible to add dig-
ital displays to the list above. If the 
design of your transceiver is such that 
most assemblies are on removable 

PCBs, then swapping boards is also on 
the list of "can do's." 

Problems with electronic equipment 
tend to recur in individual sets within 
a model group. Because professionals 
see the same problems again and 
again, they soon develop a "sense" for 
the symptoms. During my college 
years, I worked part-time in an auto 
radio shop that supposedly didn't hire 
part-time help. I'd gone into the shop 
to talk to the owner, who tried to 
ignore me while he worked on a Delco 
radio. As we talked, I recognized the 
problem and told him — without 
touching the radio myself — to go get 
a 7281933 trimmer capacitor and 
replace the LO capacitor. My point in 
telling this story is to encourage you 
to call the repair technicians at the 
manufacturer's or importer's facility, 
describe the symptoms, and take their 
advice. Whatever your problem is, 
they've probably seen it before, and 
they'll most likely be willing to help 
you. 

While you have a technician on the 
line, ask whether there are any up-
dates, ret rof i ts , or engineering 
changes that would normally be incor-
porated into your rig if it were on the 
bench right now. You'd probably be 
surprised to know how often manufac-
turers and importers will update equip-
ment returned for repair at little or no 
cost to the owner. Such a courtesy 
can often eliminate future problems. 

tools and supplies 
If you don't have a certain minimum 

assortment of tools, don't even think 
about attempting the repair of your 
radio. If you decide to proceed, per-
haps the first thing you'll need will be 
the screwdrivers required for removing 
the covers. Be sure to have the correct 
size screwdrivers; improperly sized 
screwdrivers will tear up both the 
screw heads and the screwdriver — or 
pop out of the heads and scratch the 
cabinet's paint job. 

Many rigs are made in Japan. 
Because the bevel angle of Phillips 
screws on many Japanese products 
differs from that of American-made 

Phillips screws, American-made tools 
will turn improperly inside the sfirew 
slots and tear up the screws. This is 
one instance in which cheap two-for-
a-buck imported " tool barrel" screw-
drivers work better than classy $3 
models. 

You'll also want to have a couple of 
soldering devices on hand. For small 
work (and PCB repairs), use a 25-watt 
to-75-watt pencil iron; for larger jobs 
(and wire antennas), use a 250-watt 
soldering gun. (My own Wefler D-440 
has served for 20 years.) 

The choice of solder and desolder-
ing aids are as important as the solder-
ing iron you select. The only type of 
solder to use is resin core solder 
marked for radio, TV, or electronic 
use. 1 know many experienced hands 
will smirk, claiming that this advice is 
a useless restatement of the obvious, 
but it's necessary nonetheless: every 
shop I know occasionally sees a set 
that is ruined from the use of the 
wrong solder. Don't use an acid core 
solder, "plumber's solder" or " in-
dustrial solder." All these products use 
an acid core that will corrode your 
equipment into the junkyard! Use only 
resin core solder marked for radio, TV, 
or electronic uses. (I prefer either 
Kester or Ersin Multicore brands in 
either 50/50 or 60 /40 lead / t in 
mixtures.) 

Solder size is also somewhat impor-
tant. For light work on things like IC 
pins or other PCB points, I prefer a No. 
22, No. 24, or even No. 26 solder. 
Larger work or wire antennas require 
a No. 14 to No. 20 size. I keep rolls of 
No. 14, No. 18, and No. 24 solder in 
my toolbox. Solder isn't cheap, by the 
way — so either learn to use it spar-
ingly or get rich and foolish. 

Desoldering is a workbench skill that 
is just as important as soldering, but 
is all too often ignored in Amateur cir-
cles. Several aids available for desol-
dering, especially on printed wiring 
boards: desoldering t ips, solder 
suckers, and solder wick. 

• Desoldering tips are special solder-
ing iron (or gun) tips that are shaped 
like the pin pattern for the device being 
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computers and computer program-
ming, electronics, mathematics, and 
biomedical equipment repair. 
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communications, and both radio and 
television broadcasting. Hewon ISCET 
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ing Your Microcomputer to Virtually 
Anything, Designing and Building 
Electronic Gadgets (with ProjectsI, 
104 Weekend Electronics Projects, 
CMOS/TTL: A User's Guide (with 
Projects), and The Complete Hand-
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ham radio welcomes K4IPV aboard. 

desoldered. For example, there are tips 
that fit over all 14 or 16 pins of a DIP 
integrated circuit. The tip is chucked 
up in a soldering gun so that all pins 
can be heated simultaneously. 

• Solder suckers are vacuum tools 
that, when used in conjunction with a 
soldering iron, suck melted solder from 
a joint. Really fancy (high dollar) sys-
tems are available; these use a vacuum 
pump and a pneumatic plumbing sys-
tem that's an integral part of the 
soldering iron. Such tools are suitable 
for commercial shops or industrial 
users. Amateurs and most other users 
can get away with less elaborate solder 
suckers. 

There are at least two types of 
solder suckers that are practical for 
Amateur applications. One type is a 
rubber squeeze ball (something like 
those little ear irrigating syringes you 
can buy at the drug store) with a nylon 
or teflon desoldering nozzle. The other 
type of solder sucker is a spring-
powered piston device. The operator 
cocks it by engaging the spring, then 
places the tip against the molten joint 
and presses the spring release trigger. 
The solder zips up into the tool, leav-
ing a clean joint. If you buy one of 
these devices, be sure to also buy a 
spare tip. Worn out tips tend to splash 
solder around the PCB a little bit. A 
small file or penknife does wonders in 
repairing worn-out tips, but a spare tip 
is nice to have on hand. 

A small collection of other hand 
tools is also necessary. You should 
have a small pair of diagonal sidecut-
ters, small longnose pliers, mid-size 
longnose pliers, wire strippers, several 
sizes of nutdrivers, and some align-
ment tools suitable for the type of 
radio set that you own. With this last 
comment I feel compelled to issue a 
stern warning: ALIGNMENT AD-
JUSTMENTS ARE NEVER USED IN 
TROUBLESHOOTING! The mark of a 
neophyte servicer is the use of the 
"diddle stick" in troubleshooting. So-
called alignment problems do not oc-
cur suddenly, but typically occur over 
a very long period. When alignment 
shifts suddenly, it isn^t an "alignment 

problem" at all, but rather a compon-
ent failure. Alignment causes a certain 
amount of wear and tear trauma, so 
constant tweeking is likely to add more 
faults than it may correct. 

You might also want to keep a small 
supply of certain service chemicals on 
hand. Repair and maintenance jobs 
sometimes require cleaning of switches 
and potentiometers, so a spray can of 
cleaner (Blue Stuff, for example) is 
handy. You'll also need a small tube 
of either silicone grease or white 
grease (Lubriplate is a popular brand), 
some heat transfer grease for power 
transistors, and a freeze spray for 
locating intermittents. For that really 
professional touch on equipment with 
PCBs, buy a bottle of PCB cleaner 
designed to remove solder resins. 
Cleaning cabinets can be done with 
special cleaners, but they're expensive, 
so I always use modest amounts of 
soapy water on soft sponges or cloths. 

I also recommend that you order the 
shop manual for your rig. Most rigs 
come with a manual that's fine for 
operating (it may even contain a sche-
matic diagram), but not much good for 
troubleshooting. The shop manual 
must be purchased separately. Some 
rigs include a postcard or order form 
with the rig's documentation to make 
ordering a shop manual easier. In other 
cases, you'll have to write to the man-
ufacturer or importer and ask about 
the availability of the manual. You 
should also consider buying service 
aids such as PCB card extenders, 
which allow you to operate PCBs out 
of the rig for troubleshooting, as well 
as patch cords and other items the 
company offers to professional 
servicers. 

conclusion 
Repairing commercially made elec-

tronic equipment is not always a diffi-
cult matter better left to professional 
repair services. The Amateur with 
enough knowledge to pass a General 
or Advanced class license examination 
should be able to learn the job of 
trouble-shooting and repair — even if 
under a friendly "Elmer" the first time. 

ham radio 
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a detailed look at probes 
From simple to exotic, 

these devices 
invariably affect circuits 

Although it's admittedly difficult to get excited 
about probes, this article may offer insight into, and 
perhaps even respect for, these devices. Despite their 
uncomplicated appearance, they're really much more 
than "just a piece of wire with a handle." 

probes load down circuits 
Most low- to medium-frequency oscilloscopes have 

a 1-Megohm impedance shunted by 8 to 50 pF of 
capacitance. Some scopes above 200 MHz have a 
50-ohm or both a 1 Megohm and 50-ohm input impe-
dance that is switch-selectable. In either case, when 
a scope's probe is attached to the circuit under test, 
this impedance loads the circuit and may alter its 
proper operation or even cause it not to work. 

Figure 1 shows an attenuator probe and scope in-
put. An attenuator probe contains a built-in voltage 
divider. Most typical values of these types of probes 
are 10:1 and sometimes even 100:1. 

How does the probe affect the input signal? First, 
consider what happens to square wave and sinewave 
inputs. (With sinewave inputs we're especially con-
cerned with amplitude and phase distortion.) Refer-
ring again to fig. 1, note that the probe and scope in-

C,=r/OpF 

— 

£ 
- PROBE —SCOPE-

INPUT 

fig. 1. Illustration of a probe and scope's input circuitry. 

Note: All figures courtesy Tektronix, Inc., unless otherwise noted. 

put essentially form an RC divider. Since R1C1 must 
equal R2C2 for equal attenuation at all frequencies, 
as R1 increases C1 must decrease. The capacitance 
at the probe tip can be reduced by going to higher 
values of attenuation. 

measuring pulsed signals 
Referring to fig. 2A, note that if Rs = 200 ohms 

and if Cs = 20 pF, then t r j would be limited by the 
integration network of RSCS and would be equal to 2.2 
RS»CS or 8.8 nanoseconds in this case. Using a typical 
passive probe such as the P6053B (fig. 3) with a 9.5 
pF and 10 Megohm impedance then results in the cir-
cuit shown in fig. 2B. (Rp has been disregarded 
because it is much greater than Rs.) Looking at the 
risetime as 2.2 Rs (Cs + Cp) we obtain 13 nano-
seconds. Mathematically 

tr? tr 
x 100 = 

13 ns - 8.8 ns 
8.8 ns 

C„ 9.5 pF 
and J x 100 = ^ b? = 48 percent Cx 20 pF 

Next, let's look at what happens when we use a 
P6048 probe (fig. 4) with its 1 pF, 10 kilohm character-
istic. Referring to fig. 2C, note that by using 
Thevenin's theorem that tr3 = 2.2 R2 (Cs + Cp| = 7.7 
nanoseconds now. This percentage change is dra-
matically less than that caused by the P6053B. 
Mathematically, 

7.7 ns - 8.8 ns 
8.8 ns x 100 = 12 percent change 

Interestingly, though, by not degrading the signal 
by slowing its risetime, the probe actually modified the 
source resistance to decrease the risetime, making it 
faster than it should be. This, however, was at the ex-
pense of output amplitude, which decreased to 83.3 
percent. Recall that in the first example there was no 
change in signal source amplitude when the probe was 
applied. 

By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 and Billy W. Davis, 8914 Rich 
Quail, San Antonio, Texas 78251 
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Rs PULSE SOURCE 

fig. 2A. Typical pulsed signal source. 
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fig. 2B. A P6053B probe added to this typical signal 

These two examples demonstrate that when meas-
uring pulsed or square wave signals, low capacitance 
is desired when measuring risetime, but high resis-
tance is more important when measuring amplitude. 
Also, selecting a low impedance test point in a circuit 
is best when measuring both risetime and amplitude. 

Using the same probes and the same circuit, let's 
see how amplitude and phase relationships are affect-
ed when the signal source is a sinewave oscillator. 
Refer to fig. 5 and note that we now have a 10 MHz 
source; at these higher frequencies, the X p and R p of 
the P6053B probe change (see fig. 6). Applying the 
P6053B probe to the source, the output voltage drops 
to 94 percent of the generator voltage. This represents 
a 3 percent drop from the 97 percent output voltage 
normally obtained from the source. 

Applying a P6048 probe to the same circuit causes 
an output voltage of 81 percent of the generator's 
open circuit voltage and 16 percent from the unloaded 
voltage condition (fig. 7). 

Because all probes contain a capacitive element, 
phase relationships or shifts will naturally occur. Refer 
to fig. 8 and consider an amplifier driven from a 10 
MHz, 50 ohm source and having an output impedance 

i f ^ r * 

fig. 3. P6053B high-impedance probe. 
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fig. 4. P6048 low-capacitance probe. 

to V 
fOMH/ 

m 
Z • 825 n 

£ %£out • j , *cs . 100» 97% 

fig. 5. A typical sine wave signal source. 
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fig. 6. A P6053B probe applied to this typical source. 

of 2 kilohms. Examining the input and output using 
two 10 Megohm 10 pF probes graphically shows a 49 
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fig. 7. A P6048 probe applied to this typical source. 
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fig. 8. (A) Typical amplifier circuit with differing input 
and output impedances. (B) Phase shift caused by 
applying P6053B probe to the amplifier input. IC) Phase 
shift caused by applying P6053B to amplifier's output. 

degree phase shift difference in the points in the circuit 
being examined. 

Next, refer to fig. 9. Note that with 1 kilohm, 1 pF 
probes the phase difference is now only 2 percent. But 
the price paid for this is an attenuation in signal — it's 
only 67 percent of the original amplitude. 
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application determines probe needed 
Here are some general guidelines to follow when 

making measurements with a passive scope probe. 

• Always check the probe compensation on the oscil-
loscope being used to make the measurement. 

• Choose the lowest impedance test point possible to 
view the signal. 

• When making risetime measurements: 

Choose a probe with R and C values as low as 
possible. 

Scope and probe risetime should be short relative 
to the signal risetime. 

- Observed risetime is approximately equal to the 
square root of the sum of the squares of all rise-
times in the system. These risetimes include that 
contributed by the signal source, the probe and 
the scope. 

• When making amplitude measurements: 

For sine wave measurements, choose a probe 
that has the highest input impedance at the fre-
quency of interest. Remember, loading error 
changes with frequency. 

For pulse measurements, choose a probe that has 
a large input resistance relative to the source im-
pedance. Input C is of no concern if pulse dura-
tion is about five times longer than the input RC. 

active probes 
Two prime advantages of active probes include the 

following: isolation (provided between the measure-
ment point and the probe cable and scope, allowing 
high input resistance and low capacitance to be 
achieved) and full bandwidth (obtainable without input 
signal attenuation). 

Most active probes are compatible wi th either 1 
Megohm or 50 ohm scope inputs without using exter-
nal adapters. When working in the 50 ohm mode, a 
50 ohm cable can be used to extend the probe length 
without increasing capacitive loading. However, longer 
cables will slow the risetime. 

A typical active probe such as the Tektronix P6201 
in fig. 10 has a probe bandwidth of from DC to 900 
MHz with a risetime of 0.4 nanosecond. 
To show how much better an active probe is than a 
passive probe, let's go back to the same circuits we've 
been comparing and see what happens to the circuit 
once the active probe is connected to it (see fig. 11). 
Realizing that the P6201 has a 1.5 pF capacitance, its 
loading effect is only 8 percent, increasing the pulse 
risetime from 8.8 ns to 9.5 ns or mathematically: 

tr,~tr> 9.5-8.8 

® '•/./v 
son 

m 

• : i «» 'pr <, ivn 

rfi 
« 0 N N . W • IOOO 

® 

n0I 
- J — • e 

x 
\ 

»rtn"' U * — • OOOW 
fofr'0 « 0*- so' 

Rc, »fisrn 

© 
n ? n „„ roir'a s . o oii7 Xf 

mil'11' • y. s • 

fig. 9. Phase shift caused by applying a P6048 probe to 
an amplifier's (A) input and (B) output. 

X 100 
8.8 

8 percent 

fig. 10. A typical active probe, the Tektronix P6201. 

This 8 percent value is a marked improvement over 
the 48 percent increase in risetime caused by a 10x 
high impedance passive probe like the P6048. 

measuring low-level signals 
One prime advantage of an active probe is full band-

width at 1x attenuation with minimum circuit loading. 
Figure 12 shows that the active probe increased the 
risetime from 8.8 ns to 10 ns for a 14 percent change. 
Although somewhat greater than the 8 percent change 
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fig. 11. A P6201 (10X) active probe added to a typical pulse 

source. 
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fig. 12. A P6201 (IX) active probe added to a typical pulse 

source. 

of the P6201 UOx), it virtually had no effect at all on 
the signal amplitude. But in fairness to the passive 
probes, it must be noted that at lower values of source 
impedance or with slower risetimes the small differ-
ence in measurement error may not justify the differ-
ence in cost between the active and passive probes. 
But in the final selection process it might be advisable 
to observe the following general guidelines: 

» Full bandwidth is provided with no signal attenua-
tion using the 1X configuration. 

• The active nature of the probe provides the high in-
put impedance characteristics of most passive probes 
and the low input capacitance of passive probes 
designed to work into 50 ohm inputs. These features 
yield the best features of both — minimum risetime 
and minimum pulse-amplitude error. 

• Impedance selection to permit use with either 50 
ohm or 1 Megohm inputs is usually provided. 

• Probe length can be extended through the use of 
a 50 ohm cable without increasing probe loading. 

• Over-voltage capability is typically provided. 
However, to minimize the likelihood of over-voltage, 
the highest attenuation configuration should always 
be used when probing unknown voltages. 

• Dynamic signal range of the active probe is not as 
great as that of a passive probe. For example, the 
P6201 (IX) can handle signals up to +600 mV. This 
can be extended to ±60 volts using the 100X attenu-
ator. DC offset provides a measurement window of 
± 5.6 volts using the probe alone, with the range ex-
tended to ±200 volts using the 100X attenuator. 

fig. 12A. The P6042 current probe and accessories. 

the current probe 
Now let's turn our attention to a measurement tool 

often overlooked — the current probe. Current probe 
measurements are particularly applicable for high 
impedance measurement points where the voltage 
probe would significantly alter the circuit charac-
teristics. 

The current probe offers the lowest circuit-loading 
of any available probe. There is, however, an inser-
tion impedance reflected into the circuit under test, 
which consists of a series resistance shunted by a small 
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f ig . 13A. Examples o f c losed-core head cur rent probes. f ig . 13B. Examples of spl i t -core head current probes. 

inductance which is associated with the inserted impe-
dance of the current-sensing unit in the probe head. 
The P6042 current sensing probe is a DC to 50 MHz 
device with insertion impedance of 0.1 ohms at 5 MHz, 
(fig. 12A). Therefore, to realize an amplitude measure-
ment error of no greater than 2 percent the signal 
source impedance should be 50 times the insertion im-
pedance or 5 ohms in this case. But let's take a closer 
look at this head. It uses a Hall Effect* device to yield 
tilt-free display of the current waveform. This also sup-
plies the DC and low frequency information to the 

' The Hall Effoi;l describes the phenomenon of what happens when a con 
ductor through which a current is Mowing is placed in a magnetic field: a 
difference in potential (ihe Hall voltage) is generated between the two op-
posite edges of the conductor in the direction perpendicular to both ihe field 
and the current. 

P6042 amplifier. In this amplifier, this low frequency 
information is combined with the high frequency com-
ponent of the signal to yield the output. 

Another consideration in using current probes is the 
capacitive loading from the probe to the circuit. The 
coupling — the only shunt loading placed on the cir-
cuit by the probe — will vary according to the size and 
type of wire or current conductor. For example, while 
a No. 20 AWG wire will show approximately 0.6 pF, 
a No. 14 wire will have approximately 1.5 pF. The 
majority of capacitance occurs between the shielding 
and the current sensing unit. This can be minimized 
by using the probe ground lead when working with 
large voltage swings of high-frequency signals. 

There are two types of current probes (figs. 13A 
and 13B): the closed-core unit, in which the wire is 
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threaded through the head arid the split-core unit, 
which provides for a portion of the core to slide back, 
allowing the current-carrying lead to be inserted with-
out breaking the circuit. 

A different set of terms is used to describe the oper-
ational characteristics of a current probe than is used 
with a voltage probe. The most important parameter 
is the Amp-Second Product, which is directly related 
to the flux saturation of the transformer core. Effec-
tively, the Coulomb" charge (one volt is the potential 
difference between two points in an electric circuit 
when the energy involved in moving one coulomb of 
electric charge from one point to the other is one joule) 
under one pulse is integrated to determine whether 
it will place the current transformer into saturation. 

The following are general considerations related to 
current probe use: 

• The current probe can be considered complemen-
tary to the voltage probe in that while the voltage 
probe requires low impedance points for accurate 
measurements, the current probe requires higher im-
pedance points. 

• The current probe exhibits lower loading than any 
voltage probe. This generally implies minimum signal 
amplitude attenuation and minimum risetime inac-
curacies. 

• Where information on current supply requirements 
is needed, primarily current into capacitive elements, 
the current probe is almost a necessity. 

a more exotic probe 
The last type of probe to be considered is the 

sophisticated, cleverly designed HP5363B time inter-
val probe (fig. 14). 

An electronic counter works on a simple principle 
in the time interval mode. First, any frequency counter 
has a main gate that when opened, allows pulses from 
an extremely accurate quartz crystal oscillator to be 
counted and accumulated in a counting register. The 
main gate remains open and the register keeps count-
ing the crystal's frequency as long as a measurement 
is being made. In the time interval mode, there is a 
finite elapsed time between two events. These two 
events, the START and STOP events, take the form 
of the two independent inputs on a frequency counter. 
The problem arises when the two channels (the 
START and STOP inputs) have unequal delays 
through their probes, cabling, and input circuitry. Also, 
a counter's input circuitry has been designed for opti-
mum performance at detecting zero crossings. This 
makes the measurement of risetimes, propagation de-
lays and slow rates very difficult because its limited 

'A Coulomb is mathematically equal to ot one joule divided by one volt 
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fig. 14. The HP5363B time-interval probe. (Phata courtesy 

Hewlett-Packard.) 

trigger range is typically ± 1 volt or less. A slight un-
certainty or ambiguity in the exact triggering point 
results. 

The HP5363B time interval probe can be very useful 
in this situation. The user goes through a procedure 
that basically involves grounding the probe to be cali-
brated and pressing a front panel switch. This action 
causes the reference voltage, Vr, to move up or down 
in a stair-step fashion in very precise 1 mV steps until 
the device triggers. Knowing the exact value of VR 
helps and the dynamic range of this probe is +9.99 
volts to - 9.99 volts and is presettable in 1 mV steps 
by the thumbwheel switches on the front panel. This 
probe eliminates the need for attenuators and allows 
more accurate measurements nearer the top and bot-
tom of waveforms than would be possible "without this 
device. The probe also has a pullable engaging type 
switch that adds 10 nanoseconds to the measurement 
to compensate for less than ideally matched input 
channels. Naturally, though, this 10 nanoseconds has 
to be added to the final reading if you engage this 
feature on the time interval probe. 

conclusion 
The judicious selection of a probe results in more 

accurately derived readings, and this enhanced accur-
acy will be evident in both more precise amplitude and 
phase measurements with a passive scope probe and 
more accurate current measurements with an active 
current probe. And if you have to make very precise 
time interval measurements (stop-to-start intervals, for 
example,) between events using a frequency counter, 
you now know of an accessory for the frequency 
counter's probes that minimizes and nulls out the dif-
ferences in each channel's probe and its input circuitry. 
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ham radio 
TECHNIQUES - ^ 

"I have seen the future 
— and it works"* 
It may be that Amateur Radio is 
undergoing a technical revolution as 
great as those revolutions brought 
about by the switch to single sideband 
and to VHF repeaters. Both develop-
ments changed the face of Amateur 
Radio within a few short years. Ama-
teurs of the 1940s would be astounded 
if they were magically transported 
through time to visit a modern Ama-
teur Radio station. 

The microcomputer is leaving its 
mark on Amateur Radio today. Last 
winter, for example, the first 20-meter 
SSB computer controlled contacts 
were made via a VHF/UHF repeater 
and remote link (fig. 1). The heart of 
this unique communication circuit was 
the newly-developed Shackmaster® 
station control unit (fig. 2) developed 
by Ed Ingber, WA6AXX, and his 
associates at Advanced Computer Con-
trols, Inc., of Cupertino, California. 

The Shackmaster is a station acces-
sory that permits remote control of a 
home station via digital command 
given over the air or via a telephone 
line. In the case I'm talking about, 
N6IPE (Don Melchoir), controlled his 
14 MHz SSB station via a remote VHF 
radio link. And this is complete — 
receiver and transmitter band scan-
ning, mode changing, band changing 
and on/off control — just as if the 
operator were sitting at the station 
console! 

•John M. Reed, 1920. 

crossband linking 

Imagine yourself driving along the 
highway. Your vehicle is equipped 
with two FM transceivers, one on the 
440-MHz band and the other on the 

1296-MHz band. At the moment you're 
listening on 443.875 MHz, which is the 
output frequency of the hill-mounted 
repeater. The down-link is 443.875 
MHz, and an FM receiver at the 
20-meter home station is listening to 

fig. 1. The Shackmaster supports voice, frequency and mode control of 20-meter 
transmitter via two UHF links through repeaters. In the N6IPE experiments an ICOM-
751 computer-controlled HF transceiver was used. Instructions are loaded into memory 
circuits of transceiver. DX to date includes Guam, Kwajalein, and Venezuela. 
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fig. 2{A). Shackmaster 100 Station Controller" allows operator to control home station over 
the air or over the phone lines. Unit ties together home equipment and allows deposit of 
electronic messages in its "mailbox." 

this channel. This link provides the 
two-way voice channel. The 1296-MHz 
channel is provided for frequency con-
trol of the home station and for 
transmit-receive control. Everything's 
ready for operation. 

Via the 1296-MHz link, you key the 
command "HF LISTEN" by sending 
your individual code number plus 74. 
You now key in 3 and the "SCAN UP 
SLOW" command starts the trans-
ceiver to slowly tune up the band. To 
"STOP SCAN," you key in 2 and to 
scan down, you key in 1. Other com-
mands allow fast scan up or down, 
and frequency jumps of 20, 100, and 
500 Hz. The keyed command 5allows 
you to shift to the auxiliary VFO, which 
can be programmed separately. 

Now you've tuned in the signal you 
wish to call. As soon as the opportun-
ity presents itself, you pick up the 440 
MHz mic, key in "75and call. To return 
to listen, you key in 5. 

When the contact is finished, you 

fig. 2(B). Block diagram of Shackmaster. 
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fig. 3. Test setup for measuring audio response of transceiver. 

decide you want to see what's com-
ing in from the west. A beam heading 
of 270 degrees will do the job. You key 
in *4 to actuate the rotator, followed 
by 270. Your antenna is now aimed 
west. 

All this may sound very complex and 
confusing at first, but it quickly 
becomes second nature and provides 
an enormous amount of control capa-
bility with a touchtone pad. 

The home station makes use of a 
computer-control led transceiver, 
broadband linear amplifier and com-
puter-controlled antenna tuner. In the 
case of N6IPE, the transceiver was an 
ICOM-751, the linear amplifier was an 
ICOM 2KL solid state, broadband 
device, and the antenna tuner was an 
ICOM-AT500. The IC-751 was run in 
the memory mode and the various 
commands were loaded into the 
memory. 

As you become experienced with 
the system, you can query the Digital 
Voice Synthesizer, which will tell you 
the frequency the 20-meter equipment 
is tuned to. The capabilities are infinite. 
Too much QRM on 20 meters? Key 

72400 on the touchtone pad and 
you've instantly QSY'd to 7.240 MHz. 

And finally, when you get to your 
destination and leave your mobile rig, 
you can still activate your home sta-
tion via the telephone line! 

Well, it all sounds like lots of fun. No 
doubt you'll be hearing more and more 
remote-controlled, computer operated 
stations on the HF and VHF bands 
during the coming months. The day 
when two computers talk to each 
other is not far away in the amazing 
world of Amateur Radio. 

audio response revisited 
In my April column I discussed some 

of the variations in the audio response 
curve of some representative SSB 
transceivers. The conclusion was that 
the passband of some of them left 
much to be desired. Recently Tiff, 
W6GNX, had the opportunity to run 
an audio passband check on three more 
HF transceivers: the Kenwood TS-
830S, the TS-930S, and the new TS-
940S. The test was accomplished by 
injecting an audio tone into the "phone 
patch" port and measuring the power 

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2-30 MHz 12V -2BV) 
P/N Rating Each Match Pr. 

MRF406 20W S14.S0 $32.00 
MRF412,/A BOW 18.00 45.00 
MRF421 100W 25.00 56.00 
MRF421C 110W — 60.00 
MRF422* 150W 36.00 82.00 
MRF426./A* 25W 18.00 42.00 
MRF428'* 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435* 150W 42.00 90.00 
MRF449./A 30W 12. SO 30.00 
MRF450./A SOW 14.00 31.00 
MRF453./A 60W 15.00 35.00 
MRF454./A SOW 16.00 36.00 
MRF4SS./A 60W 12.00 28.00 
MRF458 SOW 20.00 46.00 
MRF460 SOW 18.00 42.00 
MRF464* 80W 25.00 60.00 
MRF466' 40W 18.75 48.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF445' 1SW 6.00 1S 00 
MRF492 90W 18.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3662 110W 28.00 60.00 
SRF3775 75W 15.50 34.00 
SRF379S 8SW 16.50 37.00 
CD2545 50W 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 SOW 1S.00 36.00 

VHF/UHF TRANSISTORS 
Rating MHz Net Ea. Match Pr 

MRF212 10W 136-174 $16.00 
MRF221 15W 136-174 10.00 _ 
MRF222 25W 136-174 14.00 — 

MRF224 40W 136-174 13.50 32.00 
MRF231 3.5W 66-88 10.00 — 

MRF234 25W 66-88 15.00 39.00 
MRF237 4W 136-174 3.00 — 

MRF238 30W 136-174 12.00 _ 
MRF239 30W 136-174 15.00 _ 
MRF240 40W 136-174 18.00 _ 
MRF245 SOW 136-174 28.00 65.00 
MRF247 75W 136-174 27.00 63.00 
MRF250 50W 27-174 20.00 46.00 
MRF260 SW 136-174 7.00 _ 
MRF261 10W 136-174 9.00 _ 
MRF262 15W 136-174 9.00 _ 
MRF264 30W 136-174 13.00 _ 
MRF607 1.75W 136-174 3.00 — 

MRF641 15W 407-512 22.00 _ 
MRF644 25W 407-512 24.00 54.00 
MRFS46 40W 407-512 26.50 59.00 
MRFS48 eow 407-512 33.00 69.00 
2N3866* 1W 30-200 1.25 — 

2N4427 1W 136-174 1.25 — 

2NS591 2SW 136-174 13.50 34.00 
2N5642* 20 W 30-200 13.75 34.50 
2N5945 4W 407-512 10.00 — 

2N5946 10W 407-512 12.00 _ 
2N6080 4W 136-174 6.25 — 

2N6081 15W 136-174 7.50 — 

2N6082 2SW 136-174 8.90 — 

2N6063 30W 136-174 9.30 24.00 
2N6084 40W 136-174 

TMOS FET 
11.75 28.50 

MRF134* 5W 2-200 $10.50 — 

MRF137* SOW 2-200 22.50 _ 
M R F 1 3 8 " SOW 1.5-150 35.00 — 

M R F 1 S 0 " 150W 1.5-150 80.00 —. 

MRF172* 80 2-200 65.00 — 

Selected, matched linals for Kenwood, Yaesu. 
Icom, Atlas, etc. Technical assistance and cross-
reference information on CD, PT. RF. SRF. SD P/Ns. 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D./VISA/MC 

INFORMATION AND CALF. ORDERS: (619) 7440728 
OUTSIDE CALIF. ORDER DESK: 800*54-1927 

f ^ l RF PARTS 
1 320-16 Grand Ave , San Marcos 
California 92069 (619) 744 0728 
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ANTENNA SALE 
H Y G A I N T O W E R S 
HG37SS 
HG52SS 
HG54HO 
HG70HD 

. • . 799.00 
1195.00 
1799.00 
2799.00 

C U S H C R A F T 
A3 199.00 
A4 275.00 
R3 255.00 
40-CD2 275.00 
AV5 96.00 
32-19 89.00 
215WB 75.00 
ARX2B 35.00 
A144-11 46.00 
A144-20T 69.00 
424 B 75.00 
AOP-1 137.00 

K L M 
KT34A 329.00 
KT34XA 475.00 
432-20LBX 64.00 
432-30LBX 90.00 
435-18C 109.00 
435-40C 149.00 
2M-13LBA 77.00 
2M-14C 85.00 
2M-16LBX 89.00 
2M-22C 115.00 

H Y G A I N 
TH3JR 185.00 
TH7 459.00 
EX 14 289.00 
14AVQ 69.00 
18AVT 102.00 
V2 44.00 
V3 44.00 
V4 55.00 

H U S T L E R 
25% OFF ALL MOBILE 
6BTV 125.00 

A E A 
144SR 42.00 

B U T T E R N U T 
HF6V 110.00 
HF2V 110.00 

RG213U 1.26/foot 

R O T A T O R S 
CD45 139 .00 
HAM IV 2 2 8 . 0 0 
T2X 2 7 5 . 0 0 
AVANTI 2M . 
Hl-Q BALUN. 

29.95 
9.95 

K E N P R O 
KR400 119.00 
KR500 149 00 
KR600 199.00 
KR5400 249.00 

V J 

2 
f ig . 4. T h e m o d i f i e d Aust ra l ian m o n o p o l e covers 3.5-17.5 M H z . Or ig ina l des ign used 
3 7 7 - o h m resistor in RL n e t w o r k . 

output of the transceiver as the tone 
was swept across the audio passband. 
Sufficient instrumentation was used so 
that the tone level was constant and 
the transceiver always operated in the 
linear mode. The results are shown in 
f i g . 3 . 

The TS-830S and TS-930S both ex-
hibit the characteristic "bumpy" audio 
response common to that derived from 
a multi-pole filter that controls the 
passband. (Compare the curves with 
that run on the FT-980, as shown in 
the April column). 

Now observe the passband curve of 
the TS-940S; it's nearly devoid of the 
filter "humps" and shows a nearly flat 
frequency response from about 700 Hz 
to 2300 Hz (less than 1 dB variation). 
Of interest, too, is the enhanced high-
frequency response of both the TS-

930S and TS-940S, as compared to 
the TS-830S. 

On-the-air tests of all three trans-
ceivers over a period of time showed 
that it was easy to distinguish the 
TS-830S from the other two trans-
ceivers. It just didn't sound as clear 
and penetrating, even though the 
same microphone was used for all 
tests. 

It was even more difficult to differ-
entiate the TS-930S from the TS-
940S. I could do it because I knew 
what Tiff's voice sounded like in per-
son. But the on-the-air difference was 
marginal. 

In any event, the audio passband of 
the TS-940S is a step in the right direc-
tion. As AG6K said, "Perhaps we can 
now stop sounding like Donald Duck 
on the air!" 

2 9 0 0 N.W. V I V I 0 N ROAD 
K A N S A S CITY. M I S S O U R I 6 4 1 5 0 

8 1 6 - 7 4 1 - 8 1 1 8 

CALL TOLL FREE 
1-800-821-7323 



R* NYLON ROPE 

fig. 5. "All-band" antenna patterned after G5RV design. Angles between wires is not 
critical. 

the "Australian monopole" 

In my April, 1984, column I de-
scribed a wideband monopole an-
tenna. Recently I received a letter from 
Tom, KA2APX, who has built and 
used it. He says, "I've had several hun-
dred hours operating time on the an-
tenna and am very pleased with the 
results. I've seen a received signal in-
crease between 12 to 15 dB, as meas-
ured on an SP-600 S-meter as com-
pared to an inverted-V at resonance. 
Incoming signal strength has been 
good overall, with VK and ZL signals 
running reasonably well above the 
noise floor on 75 and 160 meter SSB." 

Tom is using a 100-watt, 250-ohm 
resistor in the antenna network and a 
60 inch diameter cage instead of a 72 
inch one. He concludes, "Many sta-
tions, whom I regularly contact, have 
indicated an interest in the antenna 
because of its compact length, radia-
tion efficiency, and bandswitching 
ease." 

Recently Amateur Radio, the publi-
cation of the Wireless Institute of Aus-
tralia described a new version of this 
interesting wideband antenna. The 
description was written by Ron, 

VK3AFW; the general layout of the 
antenna is shown in f ig. 4. It's a kite-
shaped, three-dimensional affair, 
about 40-feet high, that could be 
suspended from a single pole with 
crossarms to support the widest part 
of the structure. 

The upper and lower portions of the 
antenna are connected with a simple 
R-L network. Experience has shown 
that the resistor should be noninduc-
tive and have a power rating equal to 
about 10 percent of the power output 
of the transmitter. 

The feed point resistance of the 
antenna is about 200 ohms, so a 4:1 
balun is used to match a 50-ohm trans-
mission line. The frequency range of 
the antenna is 5:1, so this design 
should presumably cover the range of 
3.5 MHz to 17.5 MHz. Ron has found 
that bumps in the SWR response 
curve can be moved about or elimi-
nated by varying the value of the shunt 
resistor in the antenna network. 

As with any vertical antenna, a good 
ground system is required, although 
VK3AFW reports good results when 
using only a single 6-foot ground rod. 

The whole family of so-called "Aus-

tralian" antennas (dipole and mono-
poles) was covered in a technical 
paper, "Low Profile Radiator for HF 
Surface and Skywaves," by R.R. 
Treharne, published in the IRRECON 
Digest (Melbourne, Australia, August, 
1981). 

It would seem to me that an antenna 
of this type — one that could be pack-
aged like an umbrella, capable of being 
opened and erected by one person — 
would make an excellent portable 
antenna for military or commercial use, 
and represent an interesting challenge 
in experimental design for Radio 
Amateurs. 

a simple "all-band" antenna 

In my February column I discussed 
the so-called G5RV multiband antenna, 
which is very popular in Europe but not 
as well-known in the States. In brief, 
it's a 102-foot (31.09 meter) wire, 
center-fed with tuned feeders and a 
Transmatch,® or other form of antenna 
tuner. 

I understand many of the dedicated 
QRP stations use this antenna and the 
design has recently resurfaced in the 
fine QRP Column hosted by George 
Dobbs, G3RJV, in Radio Communica-
tion, the flagship publication of the 
Radio Society of Great Britain. The 
basic design is shown in f ig. 5. It con-
sists of two G5RV antennas, 33 de-
grees apart, fed in parallel by an open-
wire transmission line. It's an ideal an-
tenna to mount above a single-family 
residence, with the apex supported on 
a pole strapped to the chimney. 

Both 300-ohm ribbon line and 240-
ohm oval line have been used with this 
interesting antenna (taking into ac-
count the propagation factor of the 
line). A center height of 38 to 45 feet 
(11.58 to 13.71 meters) is recom-
mended and end heights of 14 to 18 
feet (4.26 to 5.48 meters) are satisfac-
tory. And, as G3RJV says, "The an-
tenna is cheap, simple and can, be-
cause of its inverted-V nature, fit into 
a surprisingly small space." That's not 
bad for an antenna that covers 3.5 to 
28 MHz and exhibits some power gain 
on the higher frequency bands. 

ham radio 
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This unit features azimuth and 
elevation memory storage, 

manual or clock control, 
digital readout and 

a 24-hour clock 

a digitally-controlled 
satellite tracker 

For satellite tracking two rotators are required for 
pointing the antennas in both azimuth and elevation. 
But constant adjustment as the satellite moves across 
the sky — which can be especially troublesome when 
you're trying to track the fast-moving, low orbit, Rus-
sian satellites — is, in fact, not necessary at all. 

This system provides 1-degree tracking resolution. 
The unit (Photo A) includes a 24-hour clock and a 
memory for azimuth, elevation and time data. A small 
keyboard loads data for storage so that hands-off 
tracking can be accomplished by loading data before 
starting operations. Manual control is provided for 
positioning the antennas for start-up or manual track-
ing if desired. 

the rotator 
The most common rotator available is the U-100 TV 

rotator frdm Alliance. It has a double-field coil for for-
ward and reverse, coupled through gears to the mast 
shaft. Every ten cycles of the 60-Hz power line turns 
the mast shaft 1 degree. A disc in the gear train 
mechanically closes a set of contacts every 10 degrees 
of rotation; this signal steps the control box. While 
10-degree increments are a bit coarse for satellite track-
ing, the unit is inexpensive and readily available. A 
minor modification must be made to the rotator gear 
train, as explained later. 

To get the rotators to turn with 1-degree resolution 
I use a counter clocked by the 60-Hz power line, which 
counts up or down as the rotator turns. Due to start 
up drag and antenna load, parity between mechanical 
position and readout cannot be maintained, and the 
10-degree rotator signal is used to update the counter. 
Therefore, should the counter count ahead or behind, 
it is mechanically corrected by presetting the units 

Photo A. Controller mounted in a BUD cabinet. The RUN-
PROGRAM/MANUAL toggle swich shown here has since 
been changed to a 3-position rotary switch. 

counter to 5. For instance, when the counter has 
reached 14, mechanically the rotator is at 15 degrees. 
The rotator signal presets the counter to 15. Continu-
ing on, the correction occurs again at 25 degrees, or 
every 10 degrees. 

operating controls 
The keyboard is used to load the memory with 

azimuth, elevation, and time data. The button in the 
lower right corner of the keyboard is the ENTER key 
and enters the data into memory. The memory pro-
gram counter, clock and antenna aiming data are 
displayed. Azimuth is expressed in degrees from north; 
elevation in degrees from horizontal. Each seven-
segment readout has an extra LED, which is normally 
used for the decimal point. 

Some of these LEDs show internal functions. The 
A = B LED indicates that the data entered from the 
keyboard has successfully entered the memory. The 
START LED indicates the starting position for loading 
keyboard data. 

Data is entered into the PROGRAM mode as 
follows: Depress the PROGRAM START pushbutton; 
the START LED lights momentarily. The first keyboard 
entry will load into the ten's hour bit of the clock. The 
next key will load into the unit's hour bit and so on 
across the program counter, AZ display and EL dis-
play. When all the data has been loaded, press the 
ENTER key to load data into memory. The A = B LEDs 
light to show successful memory loading. Press 
PROGRAM START again and we can load the next 

By Rudolf E. Six, KA80BL, 30725 Tennessee, 
Roseville, Michigan 48066 
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fig. 1. Diagram showing data logic when system is in 
PROGRAM mode. 

Side view of front panel showing keypad mounting. 

table 1. Typical data loading schedule for OSCAR 10 satellite. (December 21. 1984.) 

universal 
time azimuth elevation 

mi 267 10 
1754 264 18 
1800 261 26 
1810 258 34 
1823 252 43 
1843 245 51 
1944 230 57 
2203 230 47 
2316 235 38 
0028 238 28 
0141 238 19 
0253 232 08 

Programming the satellite tracker with antennas parked at 260-degrees azimuth and 80 degrees elevation: 

time memory azimuth elevation 
PROGRAM 1747 01 260 80 ENTER 
Program Start 1754 02 267 10 ENTER 
Program Start 1800 03 264 18 ENTER 
Program Start 1810 04 261 26 ENTER 
Program Start 1823 05 258 34 ENTER 
Program Start 1843 06 252 43 ENTER 
Program Start 1944 07 245 51 ENTER 
Program Start 2203 08 230 57 ENTER 
Program Start 2316 09 230 47 ENTER 
Program Start 0028 10 235 38 ENTER 
Program Start 0141 11 238 28 ENTER 
Program Start 0253 12 238 19 ENTER 
Program Start 2600 13 232 08 ENTER 
Program Start 0000 00 000 00 ENTER 
RUN 

Note: The time value of 2600 at step 13 prevents turning by the rotators at the end of a run 

batch of data. Start with 01 in the memory counter 
and increment by 1 for a possible 99 steps. 

Table 1 shows a typical loading schedule for 
OSCAR 10. The ROTOR LEDs show the closing of the 
cam switch in the rotator heads for every 10 degrees 

of rotation. They can be monitored for possible rotor 
jamming. In the RUN mode, time in memory is com-
pared with the clock. When equal the program counter 
is incremented, and the rotators move to the new 
azimuth and elevation data. In MANUAL mode the 
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UNIVERSAL TIME 

fig. 2 (part 1). Satellite tracker schematic diagram shows keyboard encoder, universal timer. 
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PROGRAM CONTROL 

U N I T S 
LSB f f • f MSB 

NOTi POWER CONNECTIONS <VcC, GROUND) FOR THE 
VARIOUS CHIPS ARC NOT SHOWN 

Except i( tntlcatad, daclmal 
n l u i t ot cipacltanct ata in micro-
farad! {nFU others an In plcotar 
ad* (pFk taalalaneat an In obma. 
k - f,000 M - 1,000,000 

prog ram counter, and azimuth/elevation counters. 
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U N I V E R S A L T I M E PKOeHAU COUNTER 

HUNDREDS TENS 

\ 
U N I T S TENS UNITS 

HHs 

^^ LED I S LED 2 ^ LED 3 3 LED 1 

1 L 

13 12 II 10 9 IS 14 

S LED 

• 
L J LED S 

RS4 R55 

U60 061 

s LED 7 

6 

0 6 2 

1 

B E l l LED 0 E l l LED II 

R59 RBO 

U 65 U66 

Eicept i s indicated, decimal 
i/aluas at capacitance ate in micto-
lands (»F)i others aft in picofar-
ads (pFk r*sistanc9s an in ohms, 
k = 1,000 M = 1,000,000 

fig. 2 (part 2). Satellite tracker shows universal timer, program counter azimuth and elevation display, and power supply. 



MANUAL 

fig. 3. Data routine when in the RUN mode. 

Photo B. Top view of front panel. Note keypad mounted on 
spacers. 

manual pushbuttons are available for positioning the 
rotators. A FAST and SLOW pushbutton is available 
to set the clock to universal (or Greenwich Mean Time) 
in the MANUAL mode. 

basic operation 
For simplicity the elevation circuitry will not be in-

cluded. It is exactly the same as the azimuth circuitry. 

• Loading data from the keyboard (PROGRAM 
MODE), (fig. 1). The key encoder (U1) encodes a 
keyboard array and outputs the binary value on four 
data lines (see fig. 2). This data presets the clock, 

Photo C. Main circuit board showing wire-wrap. The numbers 
indicate ICs. Parts are mounted on DIP headers. Letters in-
dicate sockets for interconnecting cables. 

AZ-EL and memory counters (U3 through U11). The 
key encoder also outputs a data-available pulse each 
time a keyboard entry is made. This pulse steps decade 
counter U45, U34. The output of the decade counter 
strobes each data counter sequentially until the data 
is loaded. We are now ready to store the information. 
The output from the memory address counter be-
comes the address for the memories (U14 through 
U22). The clock and AZ-EL counters provide the data 
input for the memories. Data is stored when the 
ENTER key is depressed. 

• Tracking the satellite automatically (RUN 
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mode, fig. 3). During RUN mode the program counter 
is stepped by the output of the clock comparator (U25 
through U28). When real time from the clock equals 
the time stored in memory the program counter in-
crements to the next address. New AZ-EL data from 
memory (U18 through U22) is compared with the data 
in the AZ-EL counters (U7 through U11). Three signals 
are available from the AZ comparator (U29 through 
U31). If Data A = Data B, the data in both memory and 
counter is the same and the rotator will not move. If 
Data A is smaller than Data B, the rotator is turned 
on in reverse and the UP/DOWN counter is placed 
in the down mode. 

A 1-degree pulse steps the counter until A = B and 
. the rotator stops. If Data A is larger than Data B then 

the rotator is turned on forward, the UP/DOWN 
counter is placed in the up mode and again the 
1-degree pulse steps the counter until A = B . The 
1-degree signal comes from a decade divider (U48) 
which is clocked from the 60-Hz power line. 

When the rotators are turning the counters are cor-
rected every 10 degrees by a rotator strobe, which 
forces U7 to a count of 5 through OR gate U41 (pin 
3). The decade divider is also reset by the rotator 
strobe from the Schmitt trigger U47 (pin 8). 

• Manual Mode. In MANUAL mode the rotators are 
directly energized. The memory and comparator are 
not used. The manual pushbuttons each set a flip-flop 
(U53). Reset of each latch is synchronous with the zero 
count of the decade divider. This ensures manual oper-
ation in 1-degree steps. The select gate (U54) either 
routes MANUAL or RUN commands to the rotators. 
During the MANUAL mode the clock is also 
operational. 

construction 

A complete parts list is provided in table 2. All con-
trol circuitry was wirewrapped on the two boards. The 
board behind the front panel has the LED displays and 
drivers U56 through U66. The dropping resistors are 
DIP with seven resistors. The keyboard, purchased 
from Jameco, came mounted on a PC board, which 
was removed and the assembly remounted on a blank 
circuit board (photo B). The unit was then rewired 
to conform to the U1 keyboard decoder. Because the 
right row of switches is not used, the pushbuttons 
should be removed. (I have since used another 
keyboard sold by Herbach and Rademan, Inc. This 
keyboard doesn't have to be modified.) 

The main circuit board contains all logic circuits in 
wirewrap sockets (photo C). Both boards are 
mounted to the front panel of a BUD cabinet with 
spacers. All interconnections were made with flat rib-
bon cable DIP plugs (photos B, D). Some care must 
be exercised in wiring the V + and ground to the chips. 

Photo D. Bottom view of front panel. Pushbuttons are 
mounted on a spacer. Note flat ribbon interconnect cables. 

Photo E. Power supply chassis mounted in rear of BUD 
cabinet. Top transformers and capacitors are from original 
rotator drive. Small board to the left contains relay drivers, 
optical couplers and power supply. The +B volt regulator is 
mounted on the chassis for cooling. 

Each row was daisy-chained, and each chain was pro-
vided with a 0.01 fiF bypass capacitor; all were then 
run to a common connection on the board. Two No. 
18 wires with Molex plugs connect to the power 
supply. The power supply, rotator transformer, and 
control relay circuitry were mounted on the chassis 
back plate. 

The rotators are very noisy when starting and stop-
ping. Each output has a varistor (CR2 through CR5), 
which takes care of some of the noise, but good 
ground housekeeping is a must. Lead dress is especial-
ly important. 

Coupling between rotators and circuitry is kept to 
a minimum by using relays and VMOS drivers for isola-
tion (photo E). Optical couplers Q12 and Q13 are used 
for the rotator signal, and the 60-Hz clock signal is 
filtered through R82, C17 at the power transformer. 
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table 2. Parts list for the digital satellite tracker. 

item description 
C1 10/iF 10 volt tantalum 
C2.7.10 0.1 fiF 5 volt disc 
C3 0.02 fcF 5 volt disc 
C4,6,8,9,11,12,18 0.01 fiF disc 
C5 1 nF 10 volt tantalum 
C13,14 see text 
C15 1000 fiF 24 volt electrolytic 
C16 50 fiF 10 volt electrolytic 
C17 0.2 nF 5 volt disc ceramic 
CR1 3.3 volt zener 
CR2 thru CR5 24 volt varistor GE V47ZA1 
CR6 5 volt zener 
CR7 thru CR16 1N4002 
K1 thru K4 DPDT 12 volt coil 
Q1 thru Q4 2N3905 
Q5 thru Q11 2N3904 
Q12,13 MCT-2 (4N25, IIT-1) 
Q14 thru Q17 VN10KM (Radio Shack 276-2070) 
All resistors are 10 kilohm, 1/4 watt except the following: 
R5,6,7,8 3.3 kilohm 
R9 100 kilohm 
R10,11,12,13,14 4.7 kilohm 
R26.30 1 kilohm 
R50 thru R60 470 DIP 
R61 thru R66 470 
R73 thru R76,78,80 68 kilohm 
R79.81 620 
R82 22 kilohm 
S1 SP3T rotary miniature 
S2 2PST toggle 
S3 thru S6 SP2T momentary 
S7,8,9* SPST momentary N.O. 
T1 24 VCT 2A (Stancor P-6377) 
T2,3 see text 
U1 74C922 
U2,43,44,55 CD4011 
U3 thru U13.45 CD4029 

U14 thru U22 5101 RAM 
U23 MM5312 
U25 thru U33 74C85 
U34 74C154 
U36.37 74LS368 
U39 CD4093 
U41.42 74C32 
U46 CD4049 
U47 74C14 
1148,49 CD4017 
U51 74C08 
U53 CD4043 
U54 CD4019 
U56 thru U66 74LS247 
keyboard Jameco K-19 

TM23K222 (Herback & Rademan, 
Inc., 401 E. Erie Ave., 
Philadelphia, PA 19134) 

displays common anode, RHDP, LHDP 
(Hewlett-Packard HDSP-4030 or 
equivalent) 

*"Slow-set" clock, "fast-set" clock, "program start." 

o/sc 

fig. 4. Repositioning the switch contact disc for 5-degree 
set in the Alliance rotator controller. 

I have not experienced any problems with every-
thing mounted in one unit, but keep in mind that 
C M O S is high impedance and will react to low-
frequency noise. 

Three separate pairs of wires supply + 5 volts to the 
circuit boards. One pair is for the main logic card, one 
pair for the front panel LED circuitry and a final pair 
for the manual pushbuttons, mode switch and ENTER 
buttons. A l l three pairs originate at the regulator chip 
Q18. S ince continuous power is needed for the clock, 
no switch is provided for it in the power supply. The 
+ 12 volts is turned off to most of the display (except 
the clock) and power to the relays is turned off for 
safety. The + 5 volts remains on. Transformers T2 and 
T3 and capacitors C13 and C14 were removed from 
the Al l iance rotator controllers. 

mods to rotators 
One small modif ication must be made to the 

rotators. Before removing the transformers and capac-
itors, connect the rotators to the Al l iance control box 
and check to make sure they work properly. Turn the 
knob counter-clockwise until the rotator runs into the 
stops. Now open the rotator housing, but try not to 
disturb the gears. Tabs on the main shaft move a T-
slug stop. Make sure the rotator has gone into the stop 
at full counter-clockwise rotation. Note the disc which 
activates the switch contacts; this produces the 10-
degree signal. Carefully remove the snap ring, lift the 
gear, and position the disc as shown in fig. 4. Replace 
the snap ring and reassemble the body. 

It probably would be a good idea to clean the con-
tacts and lubricate the gears at this time. This disc is 
now at the 0-degree point and will produce a signal 
at every 5-degree set. I used a cable with 3 pairs of 
wires in aluminum foil wrap to connect the digital con-
troller to the rotators. The two ground wires were used 
for A C return. Both rotator signals were brought down 
in one pair with the bare wire grounded at the 
controller. 

A simplified version (manual operation, AZ-EL read-
out only) of the K A 8 0 B L satellite tracker is avail-
able f rom the author. Send S A S E to Rudolph Six, 
K A 8 0 B L , 30725 Tennessee, Roseville, Michigan 48066 
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a carrier-activated 
CW reception limiter 

Save your ears 
with this handy 

signal enhancer 

Cut those big signals down to the same size as the 
small ones, the ad said, "use a limiter on your CW 
receiver." I did a double-take. Of course it's possible 
to do this — but only in the very special case where 
there's no more than one signal going through the 
limiter at any given time. 

In the reality of our ham bands, this isn't always the 
case. CW bands usually present an irregular variation 
of anything from zero to several signals at any given 
moment in a typical audio passband. When two sine-
wave signals are stuffed through a limiter, the stronger 
signal will suppress the weaker so that the difference 
between the two is nominally 6 dB greater at the lim-
iter's output than at its input.' For example, if a pair 
of signals, one at 40 volts and the other at 2 volts, are 
fed to a 1-volt amplitude limiter, the 40-volt signal will 
be limited to 1 volt and the 2-volt signal will be reduced 
to 1 /20 volt - 6dB, or 1 /40th of a volt. Signals passed 
through an amplitude limiter are like Mother Nature's 
offspring — only the fittest survive. 

Figure 1 shows what happens if, for example, ran-
dom 4-volt and 2-volt CW signals are fed to a 1-volt 
limiter. For clarity, a filter that passes signal B and re-

jects the frequency of signal A is assumed. The un-
filtered output of the limiter contains signals A and B 
plus harmonics and cross-products — a real mess. 

Despite the poor quality of signal B at the 
limiter/filter output, experienced "brass pounders" can 
often get solid copy because of our fantastic ear-brain 
coordination capabilities. But comprehension is made 
more difficult, not easier, by the limiter's action. More-
over, if signal A is initially three or four times the ampli-
tude of signal B, then copying B becomes very un-
likely. Finally, even copying one signal can become 
a problem if heavy limiting is used. In this case, noise 
would come up to fill the spaces' between code 
elements. 

In addition to the suppression factor, if one or more 
signals above the limit threshold are fed to a limiter, 

By Don E. Hildreth, W6NRW, 936 Azalea Drive, 
Sunnyvale, California 94086 
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fig. 2. Bas i c requirements of a carrier activated limiter. 

a squared-off waveshape, which contains a consider-
able amount of harmonic energy, is produced. In a re-
cent article, a limiter was shown in front of a narrow-
band CW filter.2 The article stated that locating the 
limiter in front prevents harmonics generated by the 
limiter action from reaching the power amplifier, 
prevents overload of the following power amplifier by 
strong signals, and makes up for AGC problems with 
CW. This is true as far as it goes, but it does nothing 

for the suppression problems illustrated above. In addi-
tion, it doesn't prevent sub-harmonics of the filter fre-
quency from entering the limiter which, in turn, creates 
harmonics that appear as false signals in the filter 
passband. 

To eliminate the problem with sub-harmonics and 
mitigate the suppression effect, a narrow filter must 
be added in front of the limiter. This practice prevents 
lower frequency signals that are sub-harmonically 
related to the output filter frequency from getting to 
the limiter and reduces the number of signals with 
which the limiter is likely to be confronted. But even 
with the addition of filters surrounding the amplitude 
limiter, because of the isochronal* nature of CW, the 
signal-to-noise ratio is worse when using a limiter than 
for the linear case. The S/N for the limiter case can, 
however, approach linear performance if a received 
signal can be adjusted to an amplitude level where 
limiting is just about to begin. (In this case, S/N refers 
to the ratio of the coded signals; ON response to the 
noise response during the coded signals' OFF state.) 
If the input level is made high enough so that receiver 
noise is at or above the limit level, then the effective 
S/N for any received CW signal will be 0 dB — usually 
an undesirable condition. 

At this point one may wonder whether or not a lim-
iter is worth the bother. Not only is the system no 
longer simple, but the input signal amplitude adjust-
ment is very fussy, even if you're trying to get an S/N 
only nearly as good as would exist in the linear case 
— where the limiter could just be thrown out alto-
gether. Fortunately something can be done — with 
just a little more hardware — that will tilt the S/N ratio 
more than 14 dB in favor of the limiter case. 

the super-CW model 10: 
a carrier-activated limiter 

Figure 2 shows a block diagram of what must be 
added to the basic Filter-Limiter-Filter combination in 
order to obtain the S/ N enhancement. The basic con-
cept recognizes that the noise floor, which is present 
between the coded elements, must be treated as a par-
ticular case. To accomplish control of this noise, a 
nominal 10-kHz squarewave carrier is linearly summed 
with the output from the pre-filter and fed to a low 
level limiter. The amplitude level of this carrier is made 
large enough to fully capture the basic limiter under 
no-signal conditions. 

For a simplified explanation of operation, when a 
receiver's input to the system is set at a level where 
the noise floor output from the pre-filter is below the 
voltage amplitude of the carrier, the noise is sup-
pressed by the carrier — remember, survival of the fit-
test. Then when a signal voltage appears that is above 
*isochronal — occurring at equal intervals of time 
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fig. 3. Complete system including pre-filter and a cascade of two carrier activated limiters with positive feedback and a power amplifier. (Patent applied for on part of this system.) 



fig. 3A. P C boards 505 and 103, containing the carrier-
activated limiter and the power amplifier (component 
side). 

the carrier amplitude, the signal suppresses the car-
rier. Moreover, the instantaneous signal and carrier 
voltages add to suppress coincident noise. The filter 
following the limiter removes harmonics created by the 
limiter as well as the 10-kHz squarewave carrier. 

By designing the op-amp summer, limiter and op-
amp active filter so that the gain is unity from input 
to output for the desired signal, identical stages may 
be cascaded for a multiplied S / N enhancement in a 
manner similar to that of a quality FM communication 
system. A complete system, including a narrow pre-
filter and two stages of carrier activated limiters, which 
seems to provide just about the right amount of S / N 
enhancement for excellent operating "feel," is shown 
in fig. 3. 

The in put filter is an 8th-order Butterworth two-pole 
cascade with a 100-Hz bandwidth centered at 750 Hz. 
This design provides minimal ringing and much bet-
ter skirt rejection than can be obtained from syn-
chronously tuned filters or others of the Gaussian 
class. The summing amplifiers are designed to linearly 
add three inputs: the signal, the carrier, and a resistive 
controlled positive feedback, which assists the S / N 
enhancement of each stage. Circuit constants of the 
in-line limiters provide limiting levels of 0.2 volts peak-

•F s.zs 

o o 

JKE A b | 

(M 

fig. 3B. PC board 408, the Butterworth filter board 
(component side). 

to-peak. The same limiter design is used to control out-
put from the 10-kHz carrier, but in this case compo-
nents are selected to make a 0.5 volt peak-to-peak lim-
iter. Because of the light loading presented by the op-
amp summer design, only one 10-kHz carrier gener-
ator/limiter combination is required to drive both car-
rier activated limiter stages. Identical 2nd order filters 
with a nominal 175-Hz bandwidth centered at 750 Hz 
are used following each carrier activated limiter. Out-
put from the last filter is fed through an L network and 
volume control to drive an LM380 power amplifier. A 
mode control switch is included to enable selecting 
the input from a receiver, output from the linear pre-
filter, or output from the complete carrier activated 
limiter system for input to the power amplifier. 

system performance 
With this system, S / N enhancement has essentially 

reached its maximum of a little over 14 dB when the 
S / N out from the pre-filter is +10 dB and enhance-
ment declines smoothly toward zero as the S / N from 
the pre-filter approaches zero dB. As a relative com-
parison, this means that a received signal at about 4.5 
dB below the noise in a typical 3 kHz bandwidth would 
yield a +10 dB S / N from the pre-filter and a +24 dB 
S/N from the carrier activated limiter system. Figures 
4A and B illustrate generalized performance. 

In addition to reducing the noise by 14 dB, the sys-
tem can also suppress the ringing residues from the 
pre-filter by the same amount. Since the ringing resi-
due amplitudes from a Butterworth filter are more than 
10 dB below the ON elements of a CW signal that trig-
gers them, the final effect is reduction of ringing 
residues to more than 24 dB below the desired signal. 
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Also, because filter ringing increases in duration rather 
than amplitude as bandwidth decreases, this makes 
possible the use of sharper filters — down to 25 Hz 
or so for a CW signal at 20 WPM, 3 And this can be 
done without the need for a complicated synchronous 
detection system. However, to make use of this very 
narrow bandwidth and assure comfortable operation, 
many existing receivers would need better bandspread 
tuning control than they now have. Even the 100-Hz 
bandwidth used in this system requires relatively stable 
oscillators on the part of a received signal and the 
receiver as well as very careful tuning. 

Since the limiter/filter system effectively holds the 
signal output level constant, the sound pressure listen-
ing level cannot exceed that selected by the AF gain 
control. This feature, present for any signal or noise 
pulse received, guards against damage to the listener's 
hearing. This protection is lost, however, when switch-
ing to the IN/OUT or Filter positions. 

Other methods of S/N enhancement include those 
techniques that develop a voltage from a received 
signal to operate an electronic switch to turn an audio 
oscillator on and off, or to drive a digital system. In 
general, these methods are fine when a CW signal has 
a good S/N, but they usually don't perform well with 
threshold signals. However, the electronic switch 
method, where it must be used, can be improved by 
driving it from the carrier activated limiter system. 

Finally, the system is designed to operate from a 
low input level to avoid the requirement of moderate 
to high receiver gain when listening to weak signals. 
This reduces the possibility of receiver saturation — 
unplanned limiting with all of its ramifications as shown 
in the beginning — by strong signals that may exist 
in a receiver outside of the pre-filter bandpass. 

operating with the model 10 
The nominal signal input voltage requirement is from 

0.25 to 0.5 volt peak-to-peak at 700 to 800 Hz. Input 
termination is resistive at 2.2 kilohms, which enables 
the unit to be driven from either a receiver's speaker 
or phones output, or an op-amp. Output from the 
power amplifier is low impedance to enable driving a 
speaker of from 4 to 8 ohms. If headsets are used, con-
nection to the output should be made through a nomi-
nal 100 ohms to avoid possible damage to ears or 
headset. 
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The MODE control has three postions. In the IN/ 
OUT position, no filtering takes place, but the variable 
gain from the AF GAIN control is in effect. In the 
FILTER position, the 8th order Butterworth pair cas-
cade is inserted between the input and the power amp-
lifier. In the S/N BOOST position, the cascade of car-
rier operated limiters is connected between the FILTER 
output and the power amplifier. 

To make the best marriage with a receiver, disable 
the AGC, use a low RF/IF gain, and set the audio level 
from moderately high to maximum. In a receiver that 
does not have an AGC ON/OFF capability, AGC action 
is effectively defeated by a reduced RF/IF gain set-
ting. A little experience with the system will make this 
clear. 

With the preliminaries completed, listen to the sys-
tem with your receiver set at a point on its dial where 
no signal is present and with Model 10's AF GAIN set 
at mid scale. Then, switching through the three posi-
tions, you should hear broadband noise in the IN/OUT 
position, reduced noise in the FILTER position and still 
further reduced noise in the S/N BOOST position. As 
a quick reference, you can put Model 10 in its S/N 
BOOST position, then adjust your receiver's RF/IF 
gain control to obtain a weak noise background. Tune 
in a moderate-to-weak signal. Now, when adjusting 
your receiver's gain up and down, you'll notice a 
"knee" (see fig. 4B) where the signal remains con-
stant in level for increased input and where the signal 
falls off very sharply as gain is reduced. In the region 
of the knee, your receiver's gain control is adjusted 
for optimum S/N ratio enhancement. At this point, 
switching the MODE control to any of its three posi-
tions will result in about the same signal output level 
— which confirms an optimum receiver input level. 

In the S/N BOOST position, tuning is even sharper 
than in the FILTER position. The BOOST position sup-
presses skirt responses and residual ringing in the same 
manner as it reduces the noise floor, which enables 
clean high speed copy with a narrow filter. 

In normal operation you simply adjust receiver gain 
for input level and Model 10's AF GAIN for desired 
sound pressure level. 

Don't want to build it yourself The super-CW Model 10 is available 
preassembled. Contact the author at Hildreth Engineering, P. O. Box 
60003 Sunnyvale, California 94088, for details. 
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DX 
FORECASTER 

earth stonehocker, KORYW 

equinoctial DX propagation 
brings change, excitement 

This season's propagation is char-
acterized by change and excitement 
resulting from the fewer number of 
daylight hours as winter approaches. 
In addition the MUF diurnal curve will 
no longer exhibit summer's typical 
low, flat response but will instead 
show a pronounced peak in the after-
noon and a downward dip in the pre-
dawn hours. Short-skip sporadic E 
openings will become scarce, giving 
way to long skip, including many long 
one-hop transequatorial openings, par-
ticularly towards the south in the even-
ing. Shortwave broadcasters must an-
ticipate these changes by planning for 
frequency changes after each of the 
two-month periods, (March/April and 
September/October). The change is 
slower during the other two periods, 
which comprise four-month intervals 
(May through August and November 
through February). 

During the equinoctial period the 
geomagnetic field exhibits the greatest 
variability. The magnetosphere (geo-
magnetic field) acts as a source of high 
latitude electrons and accounts for 
ionospheric movement. During equi-
nox — when the earth's equatorial 
plane intersects the sun — solar wind 
particles feed down through the mag-
netosphere into both polar regions of 
the ionosphere. The variability, both in 
speed and density, of the solar wind 
stream is transferred to the geomag-
netic field and ionosphere. Geomag-
netic field control of the ionosphere is 

strong at this time; consequently we 
can look to it as a measure of what the 
ionosphere's reaction will be. Recall 
the large geomagnetic disturbances of 
last spring's equinox in April; the A 
index, which was 77 on April 21, was 
again up to 40 the following week, on 
April 28. Remember what propagation 
conditions were like then? 

But what is meant by geomagnetic 
data? The A index is a measure of the 
amount of change, with time (minutes 
to hours), of the geomagnetic field 
from a normally (average) quiet day at 
that station. The larger the A index 
(one number per day) or K index (every 
three hours or 8 per day), the more the 
ionosphere is moving around. The 
eight K numbers are summed and mul-
tiplied by a factor that converts it into 
the daily single A index. (The number 
is further manipulated to calibrate the 
data from each measuring station.) 
Large changes in the ionospheric 
layers take place with K's above 6, 
especially for paths along or across the 
auroral zone (65 to 75 degrees north 
latitude). A K of 4 to 5 indicates mod-
erate movement with its accompany-
ing signal strength variation, QSB. 

When listening on the bands during 
various degrees of geomagnetic distur-
bance, you'll notice something like 
this: with K's of 0 to 2 the band will 
be full of signals from just about every 
direction; with K's of 3 to 5, the 
accompanying absorption and some 
QSB will cut out some of the stations 
you hear. When the K's are 6 and 7, 
signals you hear will be coming from 
unusual, less frequently heard direc-

tions. For even higher K's, all signals 
are lost in the absorption and QSB. 
Don't despair — when the K drops 
slightly from the previous high, we're 
back in the "unusual direction" K 
category. 

last-minute forecast 
The third week of September is ex-

pected to be the best for working DX 
on the 10 through 30 meter HF bands, 
coincident with a higher solar flux. To 
confirm that this situation is occurring, 
monitor radio station WWV on 2.5, 5, 
10,15, and 20 MHz at 18 minutes after 
each hour. If the flux is up, expect 
transequatorial openings to occur to 
South Africa, South America, and 
especially Australia. These will be 
enhanced openings during a geomag-
netic-ionospheric disturbance in-
dicated by an A index of 20 to 40, 
which is likely at this equinoctial 
season of the year. The lower bands 
should greatly improve through the 
month with lower atmospheric noise 
levels and higher signal strengths. The 
MUF will be lower on east-west paths 
during disturbed conditions, with QSB 
noticed on the signals. Under these 
same circumstances, expect to hear 
DX from some unusual locations. 

A full moon will occur on September 
29th and its perigee on the 16th. The 
autumnal equinox will be on the 23rd 
at 0207 UTC. No significant meteor 
showers are expected this month to 
enhance meteor burst DXing. 

band-by-band summary 
Six meters may have a few sporadic 
E openings around local noon, but 
don't count on them. This month 
should be the last chance for Es until 
next summer's season begins. 

Ten, twelve, and fifteen meters should 
provide a few short-skip Es openings 
and many long-skip openings during 
any solar flux peaks to most southern 
areas of the world during daylight. 
Some of these openings will result 
from transequatorial propagation, 
especially during the disturbed 
conditions. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides the MUF during "normal" hours, 
' t o o k at next higher band for possible openings. 
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DIRECTION FINDING? 
•k Interference Location 

-A- Stuck Microphones 

• Cable T V Leaks 

• Security Monitoring ML 

* V H F and U H F Coverage 

• Computer Interface 

* Speech Synthesizer 

• 12 V D C Operation 

New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

p)DOPPLER SYSTEMS',NC- IZfd2Ts?2t4 <602> 
" " 1 3 8 

CQMPUTER^MYTH 
Now there's a hardware maga-

zine that's all about computers 
for people who like to build their 
own. Computer Smyth's pre-
miere issue is now published, 
providing all the pleasure, econ-
omy and satisfaction of build-it-
yourself projects that Hams know 
so well. 

Our authors take you inside the 
chips, talk about what they do 
and how they're controlled, and 
explain command options you 
may never have heard of before. 
Computer Smyth's first quarter-
ly issue begins a series on a com-
plete Z80 based computer on 
three 4 x 6 V>" boards, which lets 
you interface 3 >/t, 5 'A and 8 " 
floppy disks in all densities and 
track conf igurat ions . J o h n 
Adams' "series will include a 
switching power supply, a PROM 
burner and software options for 
this rack-mount system. 
The firsi issue also features an 

X/Y plotter you can build, an in-

expensive motorized wire-wrap 
tool and an RGB color to com-
posite adapter. 

During its premiere year, Com-
puter Smyth will survey the more 
than two dozen computer kits 
now available in the US. Kit 
builders will report on many of 
them. A major series on building 
a 32-bit 68000 micro begins in 
issue two. 

Computer Smyth is published 
by Audio Amateur Publications, 
publishers of Audio Amateur and 
Speaker Builder magazines. All 
three are reader-centered, hard-
ware- intensive publicat ions 
whose editors believe that a 
magazine's primary job is satisfy-
ing the reader not consumer mar-
keting. Our magazines are run by 
tech enthusiasts not MBAs look-
ing for profits. 

We guarantee that if you are 
unhappy with Computer Smyth 
for any reason, your money will 
be refunded upon request. 

L J Yes. enter my subscription to Com-
puter Smyth for one vc.ir .it SI5. 

0 Cheek endoscd. 

D Make that two years at $2%. 
• Charge to credit card 

Charge card orders. ((i().S) 92-1-9 »6 i 

Twenty, thirty, and forty meters will 
support propagation from most areas 
of the world during the daytime and 
into the evening hours almost every 
day, either long-skip to 2500 miles 
(4000 km) or some short-skip Es to 
1250 miles (2000 km) per hop. 

Thirty, forty, eighty, and one-sixty 
meters are ail good for nighttime DX. 
The bands will be open in the east 
soon after sundown, swing toward the 
south about midnight, and end in the 
Pacific areas during the hour or so 
before dawn. On some nights these 
bands will be as good as the winter DX 
season. Some nights, noise (QRN) 
from thunderstorms (airmass and 
fronts of fall weather storms) will be 
a problem. However, high signal levels 
that occur during short-skip Es propa-
gation conditions may overcome the 
static. 

ham radio 

o • 
EXMET your sourco tor Discounted Prime 6O61-
T6/6061-T65! 1 aluminum Tubing nnd Rod 

T U B I N G 
D.D. and wall Length Price per Length 

1 / 2 " >. 0 5 8 12 II $ 12 50 
7 / 8 " * 0 5 8 1? II I9 60 

1 - » 0 5 8 1? II 21 75 
1 1 / 4 " « 0 5 8 12 II 27 35 
1 1 / 2 " « 0 4 9 12 II 28 8 0 
1 - 1 / 2 " » 0 5 8 .1? h 33 0 0 
I I / 2 " « 0 6 5 12 II 38 40 
1 1 / 2 " » 0 8 3 12 II 48 0 0 
1 1 / 2 " > 125 2'! II 86 4 0 
1 1 / 2 " » 2 5 0 24 II 105 15 

2 - * 0 5 8 12 II 42 25 
2 - . 065 12 II 45 5 0 
2 " « 125 24 II 110 4 0 
2 " < 2 5 0 24 II 187 2 0 
3 " * 0 6 5 12 II 81 5 0 

R O D 
0 . 0 . Length Price per Length 

1 / 8 " 12 II S 2 0 0 
3 / 1 6 " 12 II 4 5 0 

Volume discounts on orders uvor &500 00 Other 'j/cs of lulling 
ami rod quoted upon rftqutsi Minimum ontar $50 00 tubing. 
$50 l>0 rod 
Policies All prices FOB Iwmsbuiy. Ohio Payment is COO, 
or save COD chargcs l)y unclosing a chock or money unlet with 
your older Ohio residents add 5 1/2% sales Ea* 

Exmet, Inc. 
2170 E Aurora Rd.. P.O. Boi 117, Twlnsburg, Ohio 44087 

2 1 6 - 4 2 5 - 8 4 5 5 
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SAY YOU SAW IT 
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6.3 VOLT 
TRANSFORMER 

the 
weekender 
a simple continuity tester 

A United States Navy training manual once 
described a circuit — affectionately known as the 
"octopus" — for examining semiconductor junctions, 
capacitors, and comparing printed circuit boards sim-
ilar to the circuit shown in fig. 1. Through the years, 
I have run across several other versions of the octopus 
differing only in the methods of attaching the many 
wires connecting the instrument to the oscilloscope, 
power source, and device under test. The octopus is 
useful in pointing out problem nodes and providing 
fast go/no-go tests on a variety of components. Oscil-
loscope patterns obtainable are combinations of those 
depicted in fig. 2. 

While ferreting out the cables and cords necessary 
to hook up a particularly elaborate octopus, it occurred 
to me that I would not be wasting time looking for a 
power cord if the octopus were battery powered. After 
locating the power cable, I determined that elimina-
tion of the required oscilloscope would also be neces-
sary because every available oscilloscope was hope-
lessly buried under other people's ongoing calibration 
setups. 

circuit description 
As a result of my decision to eliminate both the 

power cord and the oscilloscope, the circuit shown 
in fig. 3 was developed. The circuit illustrates a 555 
timer operating as a minimum-parts astable oscillator. 
The ceramic sounder provides an aural indication of 
resistance. The diode bridge steers current through the 
ceramic sounder with the correct polarity, and the dual 
color LED (light emitting diode) provides a visual indi-
cation of current flow and polarity information. The 
tapped power source provides a node that is negative 
when the 555 timer is conducting and positive when 
the timer is not conducting. Current through the LED 
and the device under test is limited to a nondestruc-

By Robert R. Frahm. WD6GMB, Box E, 
American Embassy, APO Miami 34002 

10 A 

IIT VAC 

0~ 

X 

TO OSCILLOSCOPE 

HORIZONTAL 

TEST LEADS 

fig. 1. The "octopus.4 

A- SO00 JUNCTION 
B~ SHORTED 
C-OPEN 
D-RESISTANCE 
E-CAPACITANCE @ 

fig. 2. Octopus presentations. 

tive value by the internal resistance of the ceramic 
sounder. 

directions for use 
With the junction tester turned on, a shorted condi-

tion is indicated by a steady tone and by the alternately 
blinking red and green LED. This condition can be 
observed by holding the test probes together. The tone 
should be steady — i.e., there should be no change 
in volume. 

An open condition is indicated by silence and the 
absence of color in the LED. A clicking noise may be 
heard if the test probes are held close together due 
to capacitance between the probes. 

A good junction is indicated by a beeping sound and 
either a blinking red or blinking green LED when the 
test probes are placed across the junction. If the test 
probes are reversed, the same sound will be heard, 
but the LED will blink in the opposite color! For ex-
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Bt.B2 9-vo/t battery. RS Ho 275-1546 
Ct 2.2 if 50-volt capacitor AS No. 272-997 
cut.2,3.4 'WMd/oda, RS No ?76-IS20 CS ceramic sounder. AS No. 273-060 or No. 273-065 
•II female banana jacks, RS Ato. 274-725 
LED XV-549T LED (dual color), 

RS No. 276-035 
PI.02 battery cormectora. KS No- 270-325 

33 biiobm, t/4-vratt resistor, 
RSNo. zn-nti S1 DPD7 switch, ftS No. 275-5546 

mtaeellaneous box, US No. 270-222 
alligator clip. Its No. 270-347 
last probes, AS No 276-704 printed circuit board, RS No. 276-166 iC socfi«(, ffS No. 276-fS95 Wei? flS a fladio Siiacfc 

fig. 3. Junction tester. 

ample, if a beeping sound and blinking red LED indi-
cate a good junction, then a beeping sound and blink-
ing green LED indicate that the test probes are re-
versed. Take note of this relationship, since it helps 
to determine the polarity of the junction. 

The junction tester may be used both in and out of 
the circuit (with the power off), but parallel resistances 
may complicate interpretation of the results. Compar-
ing the results of testing printed circuit boards known 
to be good can facilitate interpretation of the results 
of testing boards of unknown status. 

Low current pulses (10 Hz at 18 volts peak-to-peak) 
are available at the test probe tips. These signals are 
useful when implementing signal or pulse injection 
techniques. 

A slight change in volume while the test probes are 
shorted may indicate that the batteries are "out-of-
balance." This condition may be corrected by inter-
changing or replacing the batteries. Since the junc-
tion tester draws current from the batteries whenever 
it is turned on, be sure to turn it off after use. 

CERAMIC SOUNDER • 

ALLIGATOR CLIP -

TEST LEADS • 

o 

fig. 4. Panel layout. 

construction details 
Circuit layout is not critical. A socket is recom-

mended for the 555 timer to simplify replacement. The 
low current (CMOS) 555 timer version is unforgiving 
of inductive loads and not recommended, particularly 
on modified junction testers that may include a switch 
to bypass the ceramic sounder and LED. A suggested 
panel layout is presented in fig. 4. The total cost of 
parts is about $20.00 if they're purchased new. 

conclusion 
An alligator clip secured to the panel holds a loose 

transistor, sparing me the bother of chasing the tran-
sistor around the bench with the test probes. (Since 
building the junction tester, I still find myself searching 
for it because other technicians are always carrying 
it away.) 

I've often found faulty parts while demonstrating the 
junction tester. Once I used it to "wring out" a prob-
lem extender board that had been tested with an ohm-
meter, but showed no apparent defects. Using the 
tester, I found 3 staked terminal where oxidation had 
developed between it and the printed circuit, turning 
the mechanical connection into a diodel 

ham radio 
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product 

REVIEWS 
world time clock 

Azimuth Clock has just released its new World 
Time/Dual Zone clock. Using a large 1-7/16 x 
2-1/2-inch LCD display, it's easy to read. And 
with large pushbuttons on the side, it's also easy 
to set. There's no need to fumble with a pen or 
pencil on tiny buttons recessed into the clock's 
mechanism. 

To ensure accuracy, these clocks use a quartz 
crystal time base oscillator. The local time display 
shows time in the standard AM/PM format. The 
Universal Time clock display is in 24 hour/Zulu/ 
military notation for instant logging accuracy. 
Both displays can be set to also flash the date, 
if desired. Both the UTC and local time clocks 
have been programmed to automatically deter-
mine the number of days per month and will re-
quire resetting only during leap years, or should 
the battery fail. 

These clocks are set in a durable piece of ex-
truded aluminum that has been beautifully silk 
screened. Azimuth also offers a 14-day satisfac-
tion-guaranteed or your money-back offer: if 
you're not delighted with your Azimuth clock, 
simply return it within 14 days of purchase. The 
World Time dual zone clock retails for $29.95 but 
is currently specially priced at S24.95, plus $1.95 
shipping and handling. 

Toll-free numbers are available for ordering by 
credit card; call (800) 821-6842; in California, 
(8001 421-1061. Further information is available 
from Azimuth, 11030 Santa Monica Blvd., Suite 
200, Los Angeles, California 90025. 

Circle #307 Reader Service Card. 

N1ACH 

CMC's docking booster 
Here's a really neat product for owners of 

handheld radios. The Docking Booster is a com-
pact, self-contained power supply, a 16-dB gain 
Ga As MES FET receiver pre-amp, and a 30-watt 
RF amplifier (a 50-watt unit will be available 
soon), all in one package. Designed to integrate 
your portable radio into your car without sacrific-
ing either portability or versatility, the Docking 
Booster is currently available for the IC-2AT, 
IC-02AT and Yaesu, Kenwood, and Standard 
radios. 

When I unpacked the box, I was surprised that 
the unit is really quite small. Installation is quite 
simple. You just connect the unit to the car bat-
tery either directly or through the fuse block, 
slide the radio in, attach the external antenna and 
you're on the airl 

The Docking Booster comes with a U-shaped 
bracket that can be attached to the door of most 

cars. (Unfortunately, our Dodge station wagon 
door is too deep, and the unit wouldn't fit there. 
I also found that both the power cord and an-
tenna feedline tend to get in the way if you in-
stall the radio on the driver's door.) But I did find 
the perfect place to install the unit — right in 
the ashtray (I don't smoke). The U-clamp which 
fit perfectly, provides a stable, easy-to-reach 
mounting platform. 

Now. trying to shout into the ashtray while 
you're driving down the road is bound to attract 
attention, if not cause an accident. So you'll 
want to add the optional ICOM handheld speaker 
mike. 

The Docking Booster is simple to use, with 
only a high and low power switch for the 30-watt 
RF amplifier. There are no other switches, knobs, 
or dials to turn or set. 

Here in Southern New Hampshire. I found the 
extra 30 watts to be helpful in accessing re-
peaters. The 16-dB pre-amp helped tremen-
dously in hearing distant repeaters and weak 
mobile stations on simplex frequencies. 

I did find one problem with the unit. You have 
to avoid long-winded transmissions because 
there's no heatsink for the RF amplifier. I don't 
yet have enough experience with the unit to tell 
whether this is going to be a problem or not. but 
in normal use. the Docking Booster did get warm 
to the touch. (The 50-watt unit does have a heat 
sink.) 

The Docking Booster uses the latest Japanese 
power transistors in a stripline circuit for high, 
stable power output. Using a 1.5-dB NF GaAs 

FET device, the 16-dB receiver provides excellent 
weak signal reception over the full 2-meter band. 
Designed to run on 13.8 volts DC, the unit re-
quires 4 amps maximum on transmit and supplies 
a stable 10 volt power source for the radio. 

For more information on the Docking Booster, 
contact CIVIC Communications. 5479 Jetport, 
Tampa, Florida 33614. 

N1ACH 

Circle #305 on Reader Service Card. 

INEWr 
products 

integrated packet terminal 
Packeterm, a company specializing in packet 

radio technology, has announced release of the 
PACKETERM IFT. The IPT is a complete packet 
node controller and terminal in one compact unit. 
The IPT will interface with any popular FM or 
SSB rig, for use on both HF and VHF channels. 
The IPT can operate at 300 or 1200 baud. All 
that's required for operation is to connect the 
IPT to a transceiver and tune to one of the local 
packet frequencies. 

The IPT uses Tuscon Amateur Packet Radio 
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DATA ACQUISITION 
firmware for complete compatibility with exist-
ing packet networks. A built-in modem allows 
much greater tolerance for receiver audio level 
than previous available designs. 

The IPT will also function as a general-purpose 
A S C I I terminal. It features data rates from 110 
to 19,200 baud, 7 function keys, 40 or 80 column 
display, and will drive an optional printer. Power 
required is 120 V A C at 112 ampere. For portable 
operation, a DC converter that uses a 13.8 V D C 
power source is available. 

For further information, contact Packeterm, 
P.O. Box 835, Amherst, New Hampshire 03031. 

Circle f303 on Reader Service Card. 

I COM IC-A2 air band 
handheld transceiver 

ICOM has announced the IC-A2 5-watt PEP 
output aircraft handheld transceiver. Utilizing 
over 20 years of experience in synthesized com-
munications equipment, the ICOM IC-A2 in 

eludes outstanding new features not available 
in other handhelds. 

Standard features include all 720 C O M and 200 
N A V channels plus 720 additional C O M channels 
and 200 NAV channels. Five watts PEP power 
output — an I C O M exclusive - and 1.5 watts 
operation capability for battery-saving low power 
operation are standard. 

The unit features ten owner-programmable 
memory channels, with internal lithium cell mem-
ory backup. 

The ICOM IC-A2 comes standard with an IC-
CM7 rechargeable Nicad battery pack, charger, 
LC-14 soft leather case, and earphone. A wide 
selection of options and accessories are avail-
able, including the ICOM HS-10 headset and HS-
10SA VOX unit or HS-10SB PTT switchbox. 

The ICOM IC-A2 may be purchased only 
through authorized I C O M avionics dealers/ 
distributors or FBO shops. 

For further information, contact ICOM, 2380 
116th Avenue N.E.. Bellevue, Washington 
98004. 

Circle 1306 on Reader Service Card. 

packet radio 
relay power amplifier 

With linking of packet radio stations on 220 
MHz becoming popular, Hamtronics has an 
nounced a new version of their widely-used 
power amplifiers designed just for this service. 
Called the PPA-220, the new PA is similar to the 
Hamtronics LPA 2-40. except that it has in-
creased gain lup to 50 watts out with 2 watts 
drivel and built-in PIN diode antenna switching 
to allow T/R transition in only a few milliseconds. 
The new PA can be used with the Hamtronics 
T51 or any other 2 watt. 220 MHz exciter. With 
the ultra-fast T/R switching, the PPA-220 is an 
ideal component for packet relay stations being 
constructed for intar-area ties at 9600 baud. The 
cost of the kit is $138.00. 

For more information on this and other pro 
ducts, such as transmitters, receivers, repeaters, 
and "202" type modulators and demodulators, 
contact Hamtronics, Inc., 65 Moul Road, Hilton, 
New York 14468-9535. 

multi-tap V /H switch 
The MTS-1200 is the first in Gensat's series 

of M I C R O S T A f T integrated block downcon-
version accessories. Incorporating all the circuitry 
required to independently operate up to four 
receivers from one dish, the MTS-1200 offers the 
easiest solution to most M T V R O system 
requirements. 

The M T S 1200 is designed to operate with 
most block downconversion receivers operating 
at 950 to 1450 MHz. Each receiver can indepen-
dently select the vertical or horizontal line from 
the block downconvertars. No signal loss is intro-
duced by the accessory. 

The switching circuitry is driven from the 
polarizer output of the receiver. In order to en-
sure proper isolation between the horizontal and 

vertical signal, the polarizer interface must be 
compatible with either a ferrite or pin diode 
polarizer. 

Packaged in Gensat's standard weather proof 
housing, this M I C R O S T A R ' product can be 
mounted either indoors or outdoors. 

For further information, contact Gensat, 951 
Alness Street, Downsview, Ontario, Canada 
M3J 2J1. 
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* • • RS 232C VOLTMETER FOR YOUR PC • * • 
8 rfsiBsm* <1% dsiTt ADDC *Mi> *u* & tioofrosi-r 
8EN8AYRQL ujikji your cnniptjuw'ti tatyiiitfjol 
' J*-. IkkA up t'ii'j.'v :M'i'rv;?jr-,l mp.i-j, provilSim| 
Islr; ijl iOOijV Special t/H-ytU! Mr** outpul 
mlvrtrMisg fncJutes Iwvir* ctmtmf sjtrtpuUs 
Uses (iartpSo miNT INPUT Art!* BASIC 
inaruri EiUrtii a«M*<n!r-j m MW.tr nnotiup & apptaf 
l»» <385 CdMPlETEl 

DEALER INQUIRIES WELCOME. 
803-588-3746 

BOX 33, FRANCESTOWN, NH 03043 

DATA WORLD PRODUCTS 
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LEARN ALL ABOUT 
TROUBLESHOOTING 

MICROPROCESSOR-BASED 
EQUIPMENT 

AND 
DIGITAL DEVICES 

Attend this 4-day seminar and master the essentials 
of rmcr a processor maintenance Gain a turn under 
standing of microprocessor fundament.lis and I earn 
specialized troubleshooting techniques Fee »s S695 00 

CURRENT SCHEDULE 
• Atlanta, GA - September 17-20 
• Greensboro, NC - September 23-26 

• Chicago, IL — October 1-4 
• Indianapolis, IN — November 12-15 
• Oklahoma City. OK — December 3-6 
• San Antonio. TX — December 10-13 

MICRO S Y S T E M S INSTITUTE 
ti.iniotl. K.ins.is <ih(Ki2 

<913! K')H 4(i'Jf> 2 0 4 

COMPUTER PROGRAMS 
FOR THE RADIO AMATEUR %»>S°»\ 

by Wayne Overbeck, 
and Jim Steffen, KC6A 

Here's Ihe first source book ol computer piograms 
lor Ihe Radio Amateur Besides covering computer 
basics. this book gives you programs that will help 
you log. determine sunrise/sunset times. Hack the 
Moon ' s path across Ihe sky. use Greyhne propaga-
lion and set up record systems lor WAS, 0XCC 
and VUCC, or any other award. You can eilhei 
buy Ihe book atone or you can buy the book with 
the programs already on disk. Take lull advantage 
ot your computer wilh this well written source 
book. M1984. 1st edition. 327 pages. 
MHA-0657 Softbound $16.95 
•HA-0657 with program $29.95 

specify computet (see list below) 
i Program disk alone $19.95 
Programs available tor. Apple II (DOS and CP/M), 
IBM (DOS). TRS-80 Model I and Model III and 
Commodore C M Please maik your order with ihe 
program disk you want 

Please include $3.00 shipping and handling. 

Ham Radio's Bookstore 
Greenville, NH 03048 

S e p t e m b e r 1385 ffl 1 4 3 



TENNA HITCH by DC SALES 
For Class #1 & #2 hitches 

Adapts your existing car trailer hitch tor any 
HF Antenna No holes in your car 

Complete $29.95 
Plu'. Si (ms!p.qR A liimitlmt) 

Contact your favorite dealer or 

DC SALES 
1602 Chestnut Ridge Rd. 

Kingwood, TX 77339 
(713) 358-0051 

Dealer inquiries invited ^ 148 

A U T H O R I Z E D KENWOOD 
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» i HlASUR BuC'towwi W<t. CUrtr«iu»g W VA ?6.KJ> 
Oif>\bur<j Ptiw (304) 6?4 Mte W VA T'.fl frpr 1 8G03S? 3*7/ 
lUitAft >V«UM KA80MX 3501 b£> Of) Mill itKt Umxxxt B««h ft 3?074 
'IwhJ* Phprw: (Wj ft/'i 4B66 
Wt: u txind*. ui anulrut ladm iinghtri*. interna', lowef. etc 
tjn tr. lor t Quotation to* yw nwdv «i |«uiMtM to urvt fow money! 
totir*. *k1c 1oU lite IJtr,«m ?* hf,) t MO&M 7668 OfKfJIM 845 *f»cfi 

the ru(>ri( <rtk N.S Iim: IfcKfihtyw yiai muM \ e t r t - 1 m s & Q e tut A 

Uil Ux» from ft* Mom is fl*r% !<W J iclutn ciB think you' 

HAZER YOUR ROHN 25 G Tower 
• Antenna and ratafor mount on HAZER, 

cornptete system trams lower tn verticle 
upright position 

• Safely lock system on HAZER operates 
while raising-lowering & norma! position 
Never can fall 

• / /e ight transferred directly to tower Winch 
cable used only tor raising & lowering Easy 
to install and use 

• Will support most antenna arrays 
• H igh qua l i t y mater ia ls & work-

manship 
• Safety - speed - convenience -

smooth travel 
« Complete kit for 50' or less tower 

includes winch cahle. hardware arid 
instructions 

S297 OOppd 
s.t>l ?t300ppd 
' ni.ui ?i>S 00 ppd 
i! .llfH':4ZM»IXt 

ms an alternative purchase a Martin 
M or M 1H aluminum tower engi-
neered specif ical ly for the HAZER 
system 

/ j 
/ 

/ 

GLEN MARTIN ENGINEERING INC. 
P.O. Bon H 253 Boonvlllt, Mo 85233 

S16-8B2-27M 
tS 151 
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products 

digital level meter 
North American SOAR Corporation has an-

nounced the release ot its Model 1700 digital level 
meter, which represents an entirely new concept 
in surface level measurements. Model 1700 was 
designed to assist the professional engineer or 
craftsman in making finite level or angular 
measurements quickly and accurately. Small and 
compact, the unit is sized 6-1 /4 x 3-3/4 x 
1-1/4 inches for portability. The Model 1700 has 
two 3-1 /2 digit LCD readouts with annunciators, 
enabling tho operator to observe the slope angle 
in degrees, the slope direction, and slop height 
in meters per meter from either the side or top. 
A buzzer can be activated to give an audible tone 
alarm when 0 degree (level) is attained. It con-
tains a switchable LCD light for reading in dim 
light. Powered by two 1.5 volt " A A " batteries, 
the Model 1700 can be continuously operated 
for 500-800 hours. The measuring method em 
ploys an encoder and micro-computer, giving it 
a dynamic range of 1120 degrees with an ac 
curacy of 1.0 degree and resolution to 0.5 
degree. The Model 1700 is priced at $99.95 in 
small quantities. 

For more information, contact North American 
SOAR Corporation. 1126 Cornell Avenue. Cherry 
Hill, New Jersey 08002. 
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transmitter kit 
RF Kit Co. has developed a compact Amateur 

Radio transmitter kit that can be assembled in 
one evening and provide a solid 5-watt CW out 
put on the 7. 10.1. and 14 MHz Amateur bands. 
This unit is crystal controlled and one crystal is 
included in the $39.95 price. Stock crystals 
available include: 7.035. 7.125, 10.108, 10.125. 
and 14.035 MHz. 

This unit is suitable for home use with a sim 
pie dipole antenna or for portable and emergency 
power communications. 

The electronic design is straightforward and 

may be easily modified for any Amateur band 
from 160 to 10 meters. The 3.5 x 2 x 1 inch 
size will allow the builder to custom-fit this trans-
mitter into many surplus enclosures. 

For further information, contact RF Kit Com-
pany, P.O. Bo* 27127, Seattle, Washington 
98125. 
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weather boots 
Kilo-Tec has announced a new custom 

weather boot for use with RG-58, RG-59, and 
RG-8X. Simply slip the weather boot over the 

J 
O 

1 ® 2*1 ' ' ' Oi 

coaxial cable before soldering on the connector, 
then slide the boot over the connector for a good 
weather tight seal - without the use of tape or 
rubber compounds. 

The boots are manufactured with a flexible 
vinyl material that resists moisture and break-
down from the sun's rays. 

Three new boots are available: Model 
KTBNC-59 for (F! BNC/RG-59 and RG-8X; 
Model KTBNC 58 for (F) BNC/RG-58; and 
Model KTBF 59 for |M) Type F /RG 59 and 
RG-8X. W e also offer various models for PL-259 
and type N. Boots for TNC are available on 
special order. 

For more information, contact Kilo-Tec, P.O. 
Box 1001, Oak View, California 93022. 
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RF circuit design program 
STAR 1.0 is a low-cost program written for 

circuit design using personal computers. It 
analyzes and optimizes electronic circuits in-
cluding amplifiers, oscillators, fitters, matching 
networks, hybrids, couplers and others. STAR 
1 0 features include frequency domain analysis 
of circuits, optimization of any component values 
in circuit, file storage of circuits for easy recall 
or modification, and screen, printer, and plot 
outputs. The program disk includes 30 applica-
tion examples. The program is available for IBM. 
P C / X T / J R , APPLE It + l l c / t l e , Kaypro 
2 / 2 X / 4 / 1 0 C P / M and the Commodore C-64. 

For additional information, write Circuit 
Busters, P. 0 . Box 256, Lilburn, Georgia 30247. 

Also available from Ham Radio's Bookstore 
- IBM and C64, $99; Apple and Kaypro, $89. 

Add $3.50 for shipping and handling. 
C i r c l e f ) 0 9 o n R e a d e r S e r v i c e C a r d . 



new antennas 
NCG Company has announced its new line of 

Amateur antennas. The line includes a 1.2 GHz 
antenna for base/repeater use (with a 12.5 dB 
gain) and a new mobile with a 7.5 dB gain. 

Also available are the new 2-meter 70-cm 
antenna duplexer and 6-meter/2-meter antenna 
duplexer combinations. A quad band vertical for 
HF ! VHF 40, 15, 10, and 6 meters is ideal for 
the limited roof areas. 

Another new antenna is the new ground-plane 
vertical Tribander for the new 10. 12, and 
18-MHz band. 

For further information, contact NCG Com-
pany, 1275 North Grove Street, Anaheim, Cali-
fornia 92806. 
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THE 
CHOICE 

IS 
YOURS 

CoCo MORSE 
The latest release from dataLOG Software 

allows you to send morse code from your Radio 
Shack Color Computer. "CoCo M O R S E " re-
quires 32K of R A M and a disk drive. It features 
a 320-character input buffer for type ahead that 
will keep up with the fastest typist. (The operator 
is usually not aware of the buffer limit because 
the buffer works in a circular fashion, allowing 
wrap-around when the 320 character limit is 
reached.) A split screen display shows input buf-
fer and transmitted characters. 

The program will allow operation from 5 to 80 
woids per minute and speed changes may be 
made during transmission. Up to five predefined 
message buffers can be created and saved to 
disk for increaed efficiency during contests or 
for that "brag" tape. The messages may be 
dumped into the transmit buffer, up to the buf-
fer's limit, without effecting transmission speed 
or quality. 

Included in the purchase price is an RS232 in-
terface to connect the computer to the transmit-
ter. The interface also provides the necessary iso-
lation between the'transmitter and computer. 
CoCo M O R S E is written in machine language 
and is relocatable. Its documentation includes 
information for modifying the weight and dura-
tion of the transmitted code. A future release of 
the "dataLOG Logbook" program will allow 
combined operation of the morse program A N D 
the log program for the dedicated CW operator. 
CoCo MORSE, including the interface sells for 
$39.00 plus $2.50 for shipping and handling. 

For additional information, contact dataLog 
Soltware, P.O. Bo* 10531, Jacksonville, Florida 
32247. 
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Available: August (?) 

• Unassembled Kit 

• No Warranty 

• Service Assistance (?) 

Available: April, 1985 
Dayton 

Price: ^ S 2 1 9 . 0 0 

Fully Assembled Unit 
Full One-Year Warranty 
Complete Service 
Facility & Staff 

BUT LOOK BEFORE YOU LEAP 
Both units are Packet Radio Terminal Node controllers 

with AX.25 protocol, a standard RS-232 compatible port, 
and command format software. But many differences exist too. 

uying the Kantronics Packet Communicator makes 
• sense. You know our reputation for quality products 

andafter-sales-support. You knowtheKantronicstradition of mak-
ing computer interfaces and software that work. So take your pick, 
the unassembled kit with no warranty, or the guaranteed Kantron-
ics Packet Communicator, ready to work in your shack. 

antique radios 
Antique Radio Classified, a national publica 

tion for buyers and sellers of old radios and 
related items, is entering its second year of pub-
lication. The largest publication of its type, it 
caters to collectors interested in collecting radios 

With a price of $219 we think the 
Kantronics Packet Communicator is more than a bargain, 

it's the smartest buy you'll make this year. 

Wl Kantronics 
1202 E. 23rd street (913)842-77-15 

Lawrence. Kansas 66046 

V zos 
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Custom Mailing Lists on Labels! 
Amateur Radio Operator NAMES 

nrn rompili?i! Hi you! SI/"; -!i 
• Geographic by ZIP and/or Slate 
• By license Issue or expiration Date 

Sell slick I »3 lahfds 
Tola l Llsl 453,000 Price: S25/Thousand 

Buckmaster Publishing 
wtHii^m 

. Minin.ll VA?3n?USA (7031 U9.1-5 

"VHF SHOP 
ASTRON 

nsijA 
RS20A 
BS20M 
VSiOM 
RSSM 
MIRAGE 

45.00 
62 75 
7995 
96 45 

114 95 
12375 

BS35M 
V535M 
R550A 
0S50M 
VS50M 
RM50A 

1M-95 
166.96 
179.B5 
203.25 
223 95 
206 95 
CALL 

144 

S I 1 - 8 0 0 - H A M - 7 3 7 3 
FOR THE BEST DEAL IN TOWN 

CALL THE BEST NUMBER AROUND 1-800-HAM-7373 
SPECIALS: Aatron Power Supply Sale (boo prices 
al loll); Yaeau FT980 S 1,330. FT-757GX $745.95: 
Kenwood TS-430S - Call!. TS-711A • CALL! 

A13IS8MH ISO. « » p i < CAU 
BSM 1 Ml; m Arnp/P, V j } * 1 FOB 
BlOlfi 2 Mir IfiOw Amp/Pa OUR 
B3CI0 2Mli 30 In I 100 »•,! 101V 
C10t2 I 3Mlf 120* Amp/l ' l IOW 
D101GN 430-4S0Mh* 100* N't QUOTE 

KT54A 4.1 TrlMM.1 1SJ 95 
KT34XA 6.1 TrlDnoder 478 95 
2M!6lDX'22022lt>X/432 30I.UX 90 95 
2MUC/2H?2C 85501113 05 
43518C 112 95 
KENPflO 
KR500 E!(r**illo« 8(itc* 169 95 
FLASH: 
Tii» tuiinii ron s ,-iPi. tuici C«l.l ron QUOTE 
MENBV RADIO 
2KDGIA!iatc 2 KW Amp 
20CX 2C04A KWi 

YAESU 
FT203R NEW 2Mlr H I . o O * " 
rr-otbh 
FT700H 440MftJ HT QM CALL 

FOR 
OUR 

ROCK 
BOTTOM 
QUOTE 

MICROWAVE MODULES 
MM7144 28 2Mlr X .urtor 
MMT220-2E 22tlMh; Xvmtnr 
WWT432<4JS29i lOw y<ml * 
MMT1296-144G X-winol 
MMC144.28 2Mlr convwlw 
MMC432I43S-28 convflrtoi 

905 00 
'2MO0H35OOO 

199 95 
260 00 
279 95 
349 95 
59 00 
89 00 

Intormatlon & Pa. Hesldonls 

Call (717) 474-9399 
16 S. Mountain Blvd. - Rt. 309 i 

Mounlalnlop. Pa. 18707 

FT7? GtiMl Mot»l« Rig 
FT757GX HF XCVft - A Winnart 
FT960 CAT Svalsm Scecial 
FT726n MlUt 2Mtf Module 
SU726 Sat Duple* Module 
02/*35Mo<Jui*' 7»« 
50 Mrtj Module 726R 
HF7»10 • '2- U«1» Wodwl* 
SSO ELECTRONICS 
High P«rtcmar>c* - Low Noi»* DBM £Oftv»r!<»ta 
Ity MMte, 144MM: Of 432Mfu >09 95 
SSB>29^28n*4 GaAjFet conwlw W9 » 
SSOIU.^ !©w Traniwirl** Kit with 
Double Balanced Mi** crt T*/R* 199 95 
S S & 4 t O w Tn>njw*rt*» Kit *Mfi 
GaAaNt f'onl «nd, OEM's on t*?f l i Cain 

LT73« 1^96 MMi 10* X-v«rt«t. NF 1 SdB. 
GaAsFot !font-«nd. Duel Channel! 650 00 

Mk»o«n«il3 J.3GMt L i w X.vwrlor 399 96 
LSM24 OSCAR MODE I up-conv«le» 279.95 
0*1 44 GaAsFot Pfearrp NF 40B 124 96 
DX*32 GaAaFet Proarrp NF 6dB 124.D5 
DX12Q6 GaAsFol Pfwmp NF 0(J0. M4 05 
SSO MAST-MOUNT EO GaAaFot Praamps 
MVJ44S-01 Nt &d!3 IKw PEP Ma* 
MVi32S>01 NF 7dD 1K» PEP Ma* J/*.** 
f F l A S H f h NOW UNDER 

NEW MANAGEMENT! 

MUTEX LTD. 
Low Nciae . Mlgh dynamic rango lion«-«fl<J 
boa/ai wild: Lo*a loas relay, HF Amp. 0(lM, 
5-pola Xtal IIHim. and IF Ampli»«r 
I COM IC21117SS Board 135 9S 
(COM IC271A Board U9 95 
GLNM32E rrinsl mount GaasFut and 
W}U«ncof 269 M 
SLNAIMs RF S-itChOd Pf«MUHp, tOOw 
mu. Input. NF loB Gain ifidB lyp . .74 95 
SLNA50B Same a9 above lof MMfi? 74 95 
SBLA144* Masl-Mounlftd RF Swlichod 
preamp. 2£t>w, max Input NF IdB (59 95 
GFQA',44« Mast-Mounted GaA$F«i pfaanp 
1 R»P£P Max. include Lm ampullar 
•eyut'icof, tnleflaces lo all rtgai <49 95 
CUE OEE - The Swedish 8oom*» "SALE" 
144-1SAN 15*1 »44MHt Y*gi W/N conn 7995 
PARABOLIC - UHF UNITS - LA6E 

dual riwivaiafnn aitui 3AKHQ 
1263/1296 Bingle tube amp (SOw) 279 95 
1209/1296 dofltluba amp (l20vy| J89S6 
> 2m«l«rdiatiMl 0 Oisrt («od» 1296 o> 2304 85.95 
2way <nl comblnoia U4/432 51.95149.95 
4 way ant. combiners »44/<32. 59 95̂ 56.95 
TERMS- Pricos do nol includn shipping mcopl 
Mh*r» tndftalwJ end aubf*ct to cl«ang« 
without notice. At our dtsc/alion soma COO * 
may rKjulre a deposit Raturm ara 8ub)»cl to 
15% rastochlng charga 
•Cwtlnonlal USA only 

NEW 
products 

built between 1905 and the 1940 s. Although the 

emphasis is on " W a n t e d " and "For Sale" ads, 

many articles related to the hobby are included 

in each issue. Every subscriber is entitled to a 

free classified ad in each issue. 

Antique Radio Classified is published 12 times 

a year in an attractive 5 1 il :< 8 inch size format. 

For further information, contact Gary B. 

Schneider, publisher, Ant ique Radio Classified, 

9951 Sunrise Blvd.. Suite R-9, Cleveland, Ohio 

44133. (Enclose SASE.) 

Circlo #315 on Reader Service Card. 

' t e n n a h i t c h 
Mount ing mobile antennas on cars has always 

been a problem. Most people are reluctant to drill 

holes into the car body, and now that manv 

bumpers are made of plastic, thai relatively easy 

way out is no longer usable, either. However, 

DC Sales has come up w i th an idea that makes 

mount ing antennas on cars equipped with trailei 

hitches as easy as 1. 2, 3! 

The 'Tenna Hitch is designed to fit underneath 

the trailer hitch ball and is equipped w i th the 

standard 3 / 8 inch insulated mount . The 'Tenna 

Hitch is made from high strength, chrome plated 

steel and is designed to give years of trouble 

free service. It wil l mount all currently available 

commercial mobile antennas. 

For more information, contact DC Sales. 1602 

Chestnut Ridge Road, Kingwood, Texas 77339, 

Circle 1314 on Reador Service C&rd. 

2 - m e t e r R F a m p l i f i e r 
Hustler has announced the availability of its 

new model HVA-225 Class C Amplif ier foi 

J44-M9 MH? 2-motm f ' M Amateur mobile use 

Util izing state-of-the art broadband microstrif 

design, the amplifier exhibits components anc 

manufactur ing techniques found only in highei 

priced commercial units for superior performance 

and reliability. 

The HVA-225 is conservatively rated at 2E 

wat ts wi th only 2 wat ts of drive while requiring 

only 4 amperes at 13.8 VDC for full output 

Separate power and RF indicators, on off switch 

SO-239 connectors, reverse polarity protection 

plus extra capaciry heat sink for high temperaturf 

reliability and efficiency. The amplifier is housec 

in a black matle finish a luminum housing com 

plete w i th tumble bracket and thumb screws fo 

uriderdash mount ing. 

For more information on the HVA-225 ampli 

fier, write Hustler. Inc., 3275 North " B " Avenue 

Kissimmee, Florida 32758. 

Circle 1317 on Reader Service Card. 
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1000-call paging encoder 
Communications Specialists has jusi 

announced the availability of its now PE 1000 
desk top paging encoder. The PE-1000 is capable 
of 100 or 1000 call paging capacity for two-tone 
sequential signaling. Five-tone sequential and 
REACH formats are also available. All features 
are included in every unit and fully field program-
mable through the front panel keyboard. A non-
volatile memory retains the programming if a 
power loss occurs. 

The PE-1000 includes all standard tone groups 
from 250.0 Hz to 4000.0 Hz and uses state-of-
the-art microprocessor technology for high ac-
curacy and stability of paging tones. The unit 
provides outputs for recording a hard copy print-
out of all paging activity and an automatic self 
test is run each time the PE-1000 is powered up. 
The PE-1000 is protected by a full one-year war-
ranty and is available for immediate shipment 
from factory stock. The price if $224.95. 

For information, contact Communications 
Specialists, Inc., 426 West Taft Avenue, Orange, 
California 92665. 
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communications satellites 
by Larry Van Horn 

The first comprehensive directory of com 
munication satellites and their radio frequencies 
is now available from Grove Enterprises. 

Chapters cover spy and surveillance satellites, 
U.S. and Russian manned space missions, mili-
tary tactical and scientific satellites, oceano-
graphic and water satellites, navigational and 
communication satellites, and private and direct 
broadcast satellites. 

This directory of space communications in-
cludes chapters on channelization band plans, 
transponder identification, international satellites, 
and a history of earth satellite development. An 
exhaustive frequency cross-reference allows 
quick identification of the source of unknown 
transmissions from spacel 

Illustrations and tables are included for bet-
ter understanding of this space technology. 
Special chapters provide insight into satellite 
operation, much of which has never been reveal 
ed to the public. 

The price is $12.35. Book-rate shipping by mail 
is free. (For shipping by UPS, add $1.50.) 

To order, contact Grove Enterprises, P.O. Box 
98, Brasstown, North Carolina 28902, 

Also available through Ham Radio's 
Bookstore, $12.95 plus $3.50 shipping and 
handling. 
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DeVry to coordinate 
lationwide VE program 

The DeVry Technical Institute of Technology 
planning to expand its VEC coverage from the 

Hh call district to all 13 districts according to Jim 
ieorgios, W9JUG, DeVry VE Coordinator. 
JeVry is looking for groups of three Extra Class 
Vmateurs to set up "core groups" that will func-
ion as DeVry representatives in their local areas. 
JeVry will provide core group members with 
hree written exams per license class and a com 
iutcr generated tape for code tests. The core 
jroups will then be responsible for setting up, 
Idministering, and correcting of exams. DeVry 
equires that core groups comply with FCC Part 
b , Subpart I rules and regulations. 
I Initially DeVry representatives will schedule ex-
ims at least every other month, though a once 
nonthly schedule is preferred. 

If your club or group is interested in working 
with the DeVry Institute of Technology, call Jim 
Jeorgias at (3121 929-8500 between 9:00 A.M. 
ind 4:00 P.M. (CDST) or write to him at DeVry 
nstitute of Technology, 3300 N. Campbell 
Vvenue, Chicago, Illinois 60618. 
Circle #318 on Reader Service Card. 

idvanced terminal unit 
Said to be the most advanced HF RTTY 

todulator-demodulator available, the ATU-1000 
om AEA is designed for interconnecting a com-
lunications transceiver with a computer (or 
Mechanical communications device! using 
ppropriate computer communications software. 
Iperation on Morse, Baudot. ASCII, Packet and 
iMTOR teletype is provided. 
The heart of the demodulator system of the 

vTU 1000 is a pair of identical eight pole (0.5 dB 
pple) Chebyshev filters. Twin oscillator-modu-
Itors mix the input tones to the filter's center 
requency. 

Both mark and space tones may be adjusted 
idependently from 1000 to 3000 Hz, providing 
ompatibility with all commercial and Amateur 
bne pairs. Adjustment of the tone frequencies 
I accomplished with ten turn potentiometers 
nd the tone frequencies are indicated with a 
wilt in frequency counter. Adjustment of the 
Iters is accurate to 1 Hz. For fixed tone pair 
peration, an optional eight-pole bandpass pre-

filter is selectable from the front panel. Selec-
tion of the normal channel bandwidth of 180 Hz 
or a narrow 100 Hz bandwidth is provided for 
optimizing the channel filters for the mode of 
operation. 

The filter system is followed by twin full-wave 
detectors and twin four-pole low-pass filters with 
selectable cutoff frequencies corresponding to 
50, 110, and 300 baud data rates. This is followed 
by a DC coupled threshold correction system 
that provides superior performance during selec-
tive fades and low signal conditions. In total, 32 
poles of receive filter are provided in this system. 

Operation using both normal mark-space com-
parison and mark only or space only is selectable 
during interference on one of the information 
channels. 

Tuning is indicated with a discriminator style 
LED bar graph with selectable mark only, space 
only and summed mark and space operation. In 
addition, the tuning rate is selectable for quick 
initial tuning and precise final tuning. 

For further information, contact Advanced 
Electronic Applications Inc., P.O. Box C-2160. 
Lynnwood, Washington 98036. 

Circle £304 on Reader Service Card. 

Heath TNC 
The state-of-the-art HD-4040 Terminal Node 

Controller ITNCI from Heath is said to be the 
only RFI approved TNC on the market. 

A version of the popular Tucson Amateur 
Packet Radio (TAPRI TNC, the Heath TNC 
allows communication using terminal or com-
puter control of any Amateur Radio system. 
Packet radio insures error-free communication 
and greatly increases communication speed. The 
HD-4040 has a built-in 1200 baud modem, al-
though Baud rates up to 9600 are possible with 
an external modem. Both AX.25 and VADCG 
protocols are used. 

Three modes of operation are provided: a con-
versation mode that allows conversation with 
another operator, a command mode that allows 
configuration of the TNC and use of variety of 
operating commands, and a transparent mode 
that's used in transferring files from one com-
puter to another. A 6809 processor and a 32K 
ROM and 8K RAM are featured. Both ROM and 
RAM can be expanded by adding up to 16K. 

A built-in automatic beacon can be set to 
transmit a message at designated intervals deter-
mined by the operator. Any station can act as 
a digital repeater and up to eight such "linking" 
stations are allowed which greatly expands the 
operator's range. 

For complete information and a free catalog 
of Heath products, write Heath Company, Dept. 
150-525, Benton Harbor, Michigan 49022. (In 
Canada write Heath Company, 1020 Islington 
Avenue, Suite 3100, Toronto, Ontario, M8Z 
523.) 

Circle Z319 on Readnr Service Card. 

AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO. IL 60618 

312-975-1290 

ELECTRONIC COMPONENTS & SUPPLIES 
RF CONNECTORS 
UG CONNECTORS 
AUDIO CONNECTORS 
LINEAR ICS 
DIGITAL ICS 
IRANSfOPtMERS 
METERS 
COMPUTER CABL ES 
DISKET IES 

IDC CONNECTORS 
D-SU8MINIATURE 
TEST EQUIP 
TRANSISTORS 
DIODES 
TRIM CAPS 
RELAYS 
SWITCHES 
TOOLS 

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

312-975-1290 
»<• 209 

FREE CATALOG! 
Features Hard-to-Find Tools 

and Test Equipment 

Jensen's new catalog features hard-to-
find precision tools, tool kits, tool cases 
and test equipment used by ham radio 
operators, hobbyists, scientists, en-
gineers, laboratories and government 
agencies. Call or write for your free copy 
today. 

J O s l S G N l 7815 s'46,h s,reet 

TOOLS INC. 
Phoenix, AZ 85040 
(602) 968-6231 
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STATION 
MANAGER/ADVANCED 

A General Purpose Logging Program 
Designed lor the IBM" PC.* XT." en-
hanced PC ji ' Menu driven; prompts for 
easy use; full color displays; multiple logs 
(each up to 1.000 entries with user editing), 
several reporting methods including one by 
partial callsign. 

S79.00 includes: 90 pg. User's Guide & 
Diskette (source code included) 
$20.00 — User's Guide only (may be applied 
to lull purchase price) 
Ohio residents include sates tax 

OMEGA CONCEPTS 
Professional software for the Radio Amateur"1 

P.O. Box 615 
Troy, OH 45373 

T.L. Jones (XBUM) 

A u , h o r ^ 152 

IBM is a registered trademark ol Interna honal Business 
Machine Coro 
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market 
RATES Noncommercial ads 10$ per word; 

commercial ads 60s per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one tree Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

CX7 REPAIRS. 415-549-9210 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft, PO Box 412, W Sand Lake. NY 
12196 

HOUSE READY FOR HAM. Beautiful mountain lop all brick 
4 bedroom. 3 lull bath home and radio site on one acre land-
scaped, private, with huge inground pool. Located 55 miles 
from Washington, DC and 60 miles from Baltimore, easy com-
mute by Amtrack or van pools Extremely energy efficient brick 
home, full basement and other extra rooms, radio room. All 
cable, poles, antennas, fire alarm system and intercom system 
stay. Must see to fully appreciate Call or write to receive free 
written details of all features. $250,000. (301) 371-7521, John 
Murray. Box 290, Jetterson. Maryland 21755. 

ELECTRON TUBES — Radio & TV types 75% off list price. 
Huge inventory. Also industrial types. Send for free catalog 
today or call Toll Free (800) 221-5802. Box HC, 
Transleleronice, Inc., 1365 - 39lh Street, Brooklyn, NY 11218. 
See our display ad in this issue 

CUSTOM MADE embroidered patches. Any size, shape, 
colors Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Dept. 301, 4202 N. 
Drake, Chicago, IL 60618. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 
Karm Uetre' 
Posifach 2454 
O 7BSO Loe'rach 
Wcsl Germany 
Ham Radio Belgium 
Stereo ho use 
Brusselsesteenweg 416 
B-9218 Gent 

Ham Radio Holland 
Posibus <13 
NL 7BOO Ar Emmen 
Holland 
Ham Radio Europe 
Box 209* 
S 194 02 Upplands Vasby 
Swe<J«n 
Ham HaOio f ranee 
SM Electronic 
20 bis. Ave oes Clarions 
F 89000 Auxerre 

Ham Radio Germany 
Kar.n Uotw 
PosHach 2454 
0-7650 Lwach 
Wesi Germany 

Canada 
Send vdefs 10 
Ham Radio Magazine 
G'eenvfHe. NH 03048 USA 
Prices in Canadian funds 
1 yr S?9 95. 2 yrs $53 30 
3 yrs $7S 40 
Ham Radio Italy 
Via Pordenone 17 
1-20132 Mil an o 
Itaiy 
Ham Radio Switzerland 
Kann Ueber 
PosWach 2454 
0-7850 Loerrach 
West Germany 

Ham Radio England 
c/o n s G B 

Alma House 
Cranborne Road 
Potters Bar 
Herts ENS 3JW 
England 

Holland Radio 
143 Gieenwiy 
Grwiside. Johannesburg 
Republic ot South Africa 

RECLAIM SILVER from electronics scrap! Write RALTEC. 
25884F Highland, Cleveland, OH 44143. 

WANTED: Manual and schematics tor military V.L.F receiver 
R-1134/WRR-3 Tom Adams, K9TA. PO Box 5541, Madison, 
W| 53705. 

NEW CW Word Copying Course Easy to learn. Complete. 
OSO-Trainer,M Course Send $16.95 (Indiana add 85C). 
Money-back satisfaction guarantee (less $2.00 shipping and 
handling). Business-size SASE gets free information. AVC In-
novations, Inc., Department HC, PO Box 20491, Indianapolis, 
IN 46220 

COMPUTERIZE Your IC-720 or R-70 Keyboard frequency 
entry, 64 memories, scanning (frequency, Memory, and 
mode) Many more features. Requires no interface, |ust cable, 
directions included. For Commodore 64. Cassette $14.75, disk 
$16.75, pdd. Cables also available. David Oliver, W90DK, Rt. 
2, Box 246, Shevlin, MN 56676 

WINDMILL & TOWER: 1978 Dunlite 2000 watt wrndmili, 1 w 
Rohn 45G tower with new concrete anchors, 110V - 220 amp 
battery bank, converter, loading switch Complete system only 
$4,995 00.(518)623-9951 Box 196, HCR-01, Warrensburg. 
NY 12885 

TRS-80 Model l/lll/IV owners. HF antenna design program 
calculated dimensions for dipole, Yagi, and quad antennas. 
$14.95 (cassette) + $2.00 s&h to Cynwyn. Dept. H, 4791 
Broadway, Suite 2F, New York, NH 10034. 

MILITARY RADIOS: CPRC-26 Manpack Radio (described in 
March 1985 Ham Radio). Transceives 46-54 MHz, with bat-
tery box, antenna, crystal, handset $22.50 apiece, $42.50/ 
pair, good condition. R-390A Receiver. 5-32 MHz all modes, 
4 mechanical filters, meters sealed (government removed, 
operation unaffected): $175 complete/checked; spair parts unit 
(80% complete, missing PTO/IF): $65. Info SASE. CPRC-26 
add $4i'unif shipping. R-390A shipping charges collect. 
Baytronics. Dept. HR, Box 591, Sandusky, Ohio 44870 
419-627-0460 evenings 

CLIMBING BELTS. OSHA certified nylon web belt with ad-
justable lanyard. $54.95 plus $3 UPS. John Limbach, K8NN, 
7397 S. Platte Canyon Drive, Littleton, CO 80123-

MINT ROBOT 400. First sync modification. Instruction book 
and original box I ship. $275 firm Jim Valentino, KW2W, PO 
Box 438, Mastrc Beach, NY n 9 5 i 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G L Pierce, 5521 Birkdale Way, San Diego, CA 92117. 
SASE brings information 

CHASSIS and cabinet kits. SASE K3IWK. 

IMRA. International Mission Radio Association, helps mission-
aries. Equipment loaned. Weekday net. 14.280 MH2.2-3 PM 
Eastern Eight hundred Amateurs in 40 countries Brother 
Frey, 1 Pryer Manor Road, Larchmont, NY 10538. 

ELECTRON TUBES: Receiving, transmitting, microwave . . . 
all types available. Large stock. Next day delivery, most cases. 
Daily Electronics, PO Box 5029, Compton, CA 09224 (213) 
774-1255 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index P.O. Box RY, Cardiff, CA 92007. 

OLD RADIO transcription discs wanted. Any size, Speed. 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724 

Coming Events 
ACTIVITIES 

"Places to go. . ." 
OHIO: 43rd annual Findlay Hamfest sponsored by the Fjndlay 
Radio Club at the Hancock County Fairgounds. Sunday, 
September 8, 6:30 AM to 5 PM Advance tickets $3.00 by 
September 1 At the door $4.00. Tables $6.00 each Outdoor 
flea market spaces $3 00 each Talk in on 147 75/15 For more 
information write Findlay Radio Club, PO Box 587. Findlay, 
Ohio 45839. 

CALIFORNIA: The Sonoma County Radio Amateurs' third 
annual Ham Radio flea market Saturday, September 21. 8 AM 
to 2 PM, Sebastopol Community Center, 390 Morris Si., 
Sebastopol. Admission and parking free. Tables $6/door, 
$5/advance. Vendor setup 7 AM. Radio clinic, exhibits, 
refreshments. Noon auction. Talk m on 146.13/73 For tickets 
and information: SCR A, Box 116, Santa Rosa, CA 95402. 

WYOMING: (Laramie-Cheyenne) The 6th annual High Plains 
Ham Roundup, September 6, 7, 8, Medicine Bow National 
Forest, YeMow Pine Campground, 14 miles east of Laramie 
on 1-80. Sponsored by the Shy-Wy ARC, University of 
Wyoming ARC and Northern Colorado ARC. Saturday potluck 
supper — bring your favorite dishes. Swapfest, packet radio, 
musical entertainment and campfire sing-a-long. All hams and 
families welcome. No registration fees, small forest service 
charge for campers Talk in on 22/82 and 25/85. For informa-
tion: K0HRS, 2204 Vassar Ave., Fort Collins, CO 80525 

PENNSYLVANIA: York Hamfest. September 21 and 22, York 
Fairgrounds. Rt. 74. Seminars, failgating, displays, banquet 
and FCC exams on Saturday. Tailgating and displays on 
Sunday. Registration $2/Saturday and $4/Sunday. $5/bo1h 
days XYL's and Jr. ops under 12 free. Saturday evening 
banquet $10 00 advance only. Tailgating $4 per day; $6 both 
days. Indoor tables $5 and up per day. Vendors setup 6 AM. 
Registration 8 AM both days Ladies' activities. Special motel 
rates and overnight camping on grounds Write York Hamfest, 
Box W, Dover, PA 17315. 

TEXAS: Houston Com-Vention '85, September 20-22, Stouffer 
Greenway Plaza Hotel, SW freeway and Edloe St.. 5 miles 
SW of downtown Houston Friday night registration 5:00 PM, 
hospitality suites and HARC auction. Saturday 8 AM to 5 PM 
Sunday 9 AM to 3 PM. indoor flea market, exhibits, ladies' 
luncheon and forums, free parking. Saturday night Texas BBO 
dinner. For information (713) 333-1466. 

NEW YORK: Hall of Science Amateur Radio Club Hamfest, 
Had of Science parking lot, Flushing Meadow Park, 47-01 
111th Street. Corona, Queens Sunday. September 8 Rain-
date September 15 9 AM to 4 PM. Donation: buyers $3.00. 
sellers $5.00 per space. Talk in on 144.250 simplex link, 
223.6000 repeat, 445.225 repeat. For information: John 
Powers, KA2AHJ. (718) 847-8007 Arnie Schiffman, WB2YXB, 
(718) 343-0172 

NEW YORK: Long Island Hamfair, Sunday, September 22, 
New York Institute of Technology, Rt. 25A, Northern Blvd., 
Old Westbury General admission $3 Spouse, children, 
sweethearts free. Exhibitors $5 per car space No reservations 
Talk in on 146.85. HankWener, WB2ALW (516) 484-4322 or 
Bob Reed, WB2DIN (516) 221-8116 evenings. 

OHIO: Lima Hamfest, October 13, Allen County Fairgrounds, 
Rts. 309 and 117. Advance tickets $3.00. Door $3.50. Tables 
$6 00; half tables $3.50. For reservations SASE and check 
to NOARC, PO Box 211, Lima, OH 45801. Amateur exams. 
Novice thfough Extra. Send completed FCC 610 with check 
for $4.00 payable to ARRL/VEC and photocopy of current 
license by September 13 to Amateur Exams, NC8F, PO Box 
211. Lima, Ohio 45802. SASE required. 

NEW YORK: The 1985 Ham-O-Rama. September 14. Niagara 
Falls International Convention Center, Niagara Falls. General 
admission $3 50/advance before August 24. $5.00/gate. 
Canadian money accepted at par for advance general admis-
sion tickets Computer and equipment displays, tech pro-
grams, indoor/outdoor flea market, FCC exams Novice 
through Extra Outside flea market $5.00, inside $15.00. Talk 
in on 146.31/91 and 146.52 simplex. For information: Nelson 
Oldfield, 126 Greenaway Blvd., Cheektowaga, NY 14225. 

1985 BLOSSOMLAND BLAST, Sunday, October 6. 1985 
Write "BLAST". PO Box 175. Si, Joseph. Ml 49085. 

KENTUCKY: The 1985 ARRL National Convention, October 
4, 5 and 6, Kentucky Fair and Exposition Center, Louisville 
Exhibitors and flea market all air conditioned. ARRL forum, 
packet radio, AMSAT, FCC National weather service, ladies' 
programs and much more Admission $5 00 advance, $6.00 
at door. 12 and under tree. For information contact The 
Greater Louisville Hamfest Assn., PO Box 34444, Louisville. 
KY 40232. (502) 368-6657. 

OHIO: The annual Cincinnati Hamfest. Sunday, September 
15, Strieker's Gtove, R« 126. one mite wesi of Venice (Ross). 
Exhibits, food and refreshments, flea market, music, hidden 
transmitter hunt, awards and sensational air show. Admission 
and registration $5.00. For information: Lillian Abbott, K8CKI, 
317 Greenwell Road, Cincinnati, OH 45238. 

MICHIGAN: The L'Anse Creuse ARC presents the 13th annua! 
Swap and Shop. September 15, L'Anse Creuse High School. 
Mt. Clemens 0800-1500. Plenty of food and parking. Trunk 
sales $4.00 per space Inside tables $8.00 each. Tickets $2.00 
at door, $1.00 advance. Talk in on 147.69/.09 and 146 52 F or 
tickets and table reservations: Maurice Schietecatte. N8CEO, 
15835 Touraine Cl., Mt. Clemens, Ml 48044. (313) 286-1843 

VIRGINIA: ARRL Virginia Stale Convention and 10th annual 
Amateur Radio-Computer Fair, Saturday and Sunday, Sep-
tember 21 and 22, rain or shine, Virginia Beach Pavilion. 
9 AM to 5 PM Advance tickets both days $5.00 $6.00/door 
Flea market tables $5.00 one day, $8.00 both days. Oisptays. 
forums, computer equipment, ARRL license upgrading exams. 
For information and tickets: Jim Harrison, N4NV, 1234 Little 
Bay Avenue, Norfolk, VA 23503. (804) 587-1695. 
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MICHIGAN: The Central Michigan ARC and Lansing Civil 
Defense Repeater Association are sponsoring Ham Fair '85 
at the National Guard Armory, 2500 S. Washington Avenue, 
Lansing, Sunday, October 13, 8 AM to 3 PM Admission $3.00. 
Tables 75<t per foot by reservation only FCC exams at 1 PM 
registration by September 13. For information and reserva-
tions: Rowena Elrod, KA80BS, 111 Lancelot Place, Lansing, 
Ml 48906. <517) 482-9650. 

NEW HAMPSHIRE: The Connecticut Valley FM Association's 
9th annua* Hamfest and Flea Market, September 29, 9 AM 
to 5 PM rain or shine. King Ridge Ski Area. Sutton. General 
admission $2.00. Dealers and flea market set up $3.00. Food 
available. Overnight camping for SC units (no hookups). Talk 
in on 146.76 or 146 52 simplex. 

CONNECTICUT: The Candlewood Amateur Radio Association 
(CARA) annual Flea Market, Sunday, September 15, Edmond 
Town Hall, Main St., Newtown, 10 AM to 4 PM. Dealers 9 AM. 
Admission $2. Tables $7. Tailgating $5. Talk in on 147 72/12 
or 52 simplex For table reservations send check or MO to 
CARA, PO Box 143, Bethel, CT 06801. For information: Gene 
Marino, W1IOH, Valley View Rd., Newtown, CT 06470. (203) 
426-8852 

ILLINOIS: The 10th annual New Berlin Hamfest sponsored by 
the Sangamon County Fair Association, Sunday, September 
22, rain or shine, Sangamon County Fairgrounds 7 AM to 3 
PM. Admission and flea market setup free. Food and drink 
available. Tafk in on 146.52 and 146 88. For information. Al 
Swettman, K9QFR. Box 2. Pleasant Plains, IL 62677 (217) 
626-1634 

OHIO: Cleveland Hamfesi & Computer Show, Sunday, 
September 22, Cuyahoga County Fairgrounds, Berea. General 
admission 8 AM to S PM, $3.50 at gate, $3.00 advance Under 
12 free. Special NASA displays, vendors, speakers, Packet 
Radio, FCC and more. Non-ham and ladies' aclivities. For 
tickets or information: Cleveland Hamfest Assn., PO Box 
93077, Cleveland, OH 44101 Walk-in Amateur Radio license 
exams starting 9 AM. Bring original and copy of current 
license. Check for $4 payable to ARRL/VEC. For information: 
Dave Willemin, AI8M, 331 Courtland, Elyria, OH 44035. Ph: 
324-4574. Saturday night Hamfest banquet For reservations 
Barbara Ernest, N8DAD, 327-3914. 

CONNECTICUT: Annual Natchaug Amateur Radio Associa-
tion Flea Market. Sunday. September 22, 9 AM to 4 PM, Elk's 
Home, 198 Pleasant Street, Willimantic. Advance reserved 
tables inside/outside $5.00 ea At door $7 00 ea. Admission 
$2.00. Under 16 free. Free parking. Talk in on 52 direct or 
147.30/ 90. For informaion: Ed Sadeski, 49 Circle Drive, 
Willimantic, CT 06226. (203) 456-7029 after 4 PM. 

GEORGIA: DXPO 1985, September 27, 28 and 29, Lanier 
Plaza Hotel. 1-85 and Monroe Drive NE, Atlanta. Reservations: 
Grover Meinert. KC8BX, 720 Starlight Lane NE, Atlanta, GA 
30342. Registration $49.50. 

PENNSYLVANIA: Pack Rats (Mt. Airy VHF ARC) 9th annual 
Mid-Atlantic VHF Conference, Saturday, October 5, Warr-
ington Motor Lodge. Rt 611, Warrington 14th annual 
Hamarama, Sunday, October 6, Bucks County Drive-In 
Theatre, Rt. 611, Warrington. Flea market admission $5.00. 
Selling spaces $8.00 each Gates open 6 AM, rain or shine 
Bring own tables Advance registration for Conference $4.00. 
Send to Hamarama '85, PO Box 311, Soulhampton. PA 18966 
or Lee A. Cohen, K3MXM (215) 634-4942. 

NORTH CAROLINA: 1985 National QCWA Convention, 
September 26, 27 and 28, Hyatt Winston-Salem. Meetings, 
forums and interesting local tours. 

OREGON: The Walla Walla Valley Radio Amateur Clubs' 39th 
annual Hamfest. September 21 and 22, Community Building, 
MiltorvFreewater. Free registration. For flyers write Pat 
Stewart, W7GVC. 1404 Ruth Street, Walla Walla, WA 99362. 

GEORGIA: The 12th annual Lanierland ARC Hamfest, 
September 22.9 AM Gainesville Holiday inn. Free tables and 
inside display area for dealers with advance registration. Large 
parking lot for flea market. Doors open 8 AM for dealer set 
up. Talk in Novice through Extra exams starting 9 AM. Talk 
in on 146.07/.67. For information/reservations: Paul Watkins, 
W4FDK, Route 11, Box 536, Gainesville, GA 30501 (404) 
536-8280. 

NEW YORK: The Elmira Amateur Radio Association's 10th 
annual International Hamfest, September 28,Chemung County 
Fairgrounds. Outdoor flea market, dealer display, breakfast 
and lunch available on premises Gates open 6 AM to S PM. 
Tickets at gate or advance from Steve Zolksky, 118 East 8th 
Street, Elmira Heights, NY 14903. 

NEW MEXICO: Northern New Mexico ARC'S annual Hamfest. 
September 28 and 29, Camp Stoney, 8 miles east of Santa 
Fe. Saturday AM — ARRUVEC exams. Free overnight 
camping, no hookups. Sunday, 8 AM to 3 PM, tailgate flea 
market, dealers, programs. Admission $3.75 adults; $1.75 kids 
includes lunch. Talk in on .52 and local repeaters. For infor-
mation: SASE to NNMARC, Rt. 3, Box 95-15, Santa Fe. NM 
87501. 

ILLINOIS: Peoria Area Amateur Radio Club's Superfest '85, 
September 21 and 22, Exposition Gardens, W. Northmoor Rd., 
Peoria. Admission $3.00 advance, $4.00 gate. Children under 
12 free. Amateur radio and computer displays, huge flea 
market, FCC exams Saturday. Free bus to Northwoods Mall 
on Sunday. Full camping facilities on grounds. Saturday night 
get-together at Heritage House Smorgasboard, 8209 N. Mt. 
Hawley Rd.. Peoria For information: SASE to Superfest '85, 
PO Box 3461, Peoria, IL 61614, 

MARYLAND: The Columbia Amateur Radio Assocition's 9th 
annual Hamfest, Sunday, October 6, 8 AM to 3:30 PM, Howard 
County Fairgrounds. 15 miles west of Baltimore. Admission 
$3.00. Spouse and kids free. Outdoor tailgating $5.00. Tables 
$6.00. Indoor tailgating (payments by Sept 30) $6.00. Food 
available. Talk in on 147.735/147.135, 146.52/146.52 For 
reservations and information: Mike Vore, W3CCV 9098 Lamp-
skin Lane. Columbia. MD 21045 (301) 992-4953. 

NEW YORK: Yonkers Electronics Fair and Giant Flea Market, 
Sunday. October 6, 9 AM to 4 PM, Yonkers Municipal Park-
ing Garage, Nepperhan Avenue & New Main Street. Rain or 
s h i n e . Refreshments, tree parking, unlimited free coffee aW 

day. Giant auction 2 PM Admission $3.00. Children under 
12 free. Sellers $7.00 per parking space, admits one. Bfing 
tables. For further information: (914) 969-1053 

CONNECTICUT: CQ Radio Club of Torrington will hold its 
annual Flea Market. Saturday, October 5, 9 AM to 3 PM, East 
Albert Street Recreation Building Dealers $7.00 per table. 
Tailgaters $5.00. Admission $1.00. Talk in on 146.955. For 
information: Donald D. Taylor, KA1GKJ. PO Box 455, Water-
town, CT 06795 

NEW JERSEY: The South Jersey Radio Association, the 
oldest radio club in coniinuous operation in the US (1916) will 
hold its 37th annual Hamfest, Sunday, September 15, Penn-
sauken High School, Hylton Road, Pennsauken. Table and 
tailgating sales in parking lot. Refreshments and food 
available. Gates open 8 AM. Tickets $2.50 advance, $3 00 
at door. Tailgating $5 00 per space plus admission ticket. Talk 
in 145.29/144.69 Contact Fred Hotter, W2EKB, 348 Bortons 
Mill Rd., Cherry Hill, NJ 08034. (609) 795-0577. 

NEW HAMPSHIRE: Hosstraders annual Fall tailgate swapfest, 
Saturday, October 5, Deerfield Fairgrounds. Donation $2 per 
person sellers included. Profits benefit Shriners' Boston Burns 
Center. Our May Swapfest gave $6,960. Friday night camp-
ing at Nominal fee after 4 PM Talk in .52 and 146 40-147.00. 
For information SASE to Norm, WA1IVB, RFD Box 57, West 
Baldwin, ME 04091. 

NEW YORK: The Radio Amateurs of Greater Syracuse 30th 
RAGS Hamfest. Saturday, October 5. New York State Fair-
grounds off Rt. 690. 9 AM to 6 PM. Flea market setup 7.30 
AM. Flea markei tables $6. Outdoor tailgating $3. Exhibitors 
and dealers. VE exams by pre-registration. Speakers, ARRL 
forum, free parking Admission $3. Talk in on 31/91 and 90/30 
For information Viv Douglas. WA2PUU or Ed Swatiowski, 
WA2URK, PO Box 88, Liverpool, NY 13088 

RHODE ISLAND: The Rl Amaieur FM Repeater Service will 
hold its annual Fall Flea Market and Auction, Saturday, 
September 22, American Legion Fairmont Post 85, 870 River 
St., Woonsocket. Starts 9 AM. Spaces $5.00 each Some other 
spaces available under pavilion. Auction noon to 5 PM. Ad-
mission free. Food and beverages available. Talk in on 34/94 
and 52 simplex. For information: Richard Fairweathor, K1KYI. 
127 Sherman Farm Rd., Harrisville, Rl 02830. (401) 568-3468. 

MASSACHUSETTS: The Hampden County Radio Associa-
tion will be giving exams for all classes of Amateur Radio 
licenses, Saturday, October 18, Hampden-Wilbraham Reg 
High School, 621 Main Street, Wilbraham at 9 AM Get Form 
610 by writing to the club. For upgrading, bring original and 
copy of current license, check for $4 payable to ARRL/VEC 
Send completed applications to Yorke Phillips, 235 Ames Rd., 
Wilbraham. MA 01036 or sign up that day. Sign up time 8:30 
AM. Amateur radio classes will be held in the Fall. Send post 
card with name, address and phone number to Hampden 
County Radio Association, PO Box 482, West Springfield, MA 
01090. 

OPERATING EVENTS 
"Things to do..." 

Riding Radio Operators — Amateur Radio Motorcycle Club 
Net meets every Thursday night at 0300 UTC at 3888 kHz 
standard time and 7237.5 kHz daylight saving time An eastern 
USA group meets one hour earlier at 3888 kHz year-round. 
Send business SASE to AG9N, Gary McDuffie, Rt. 1, Box 464, 
Bayard, NE 69334 and ask for net information 

September 21: Celebrate Connecticut's 350th anniversary 
with Connecticut DX Association and the Newington Amateur 
Radio League. Listen for KW1V operating from the grounds 
of the State Capitol in Hartford For a special QSL card and 
official Connecticut Tourism map send business SASE with 

39® to Dave Rose, KW1V, 13 Long Crossing Road, East 
Hampton, CT 06423. 

September 18: The Little Brown Jug special event held by 
the Delaware Amateur Radio Association, W8QLS, at the Dela-
ware County Fair. For a Delara OSL card SASE to W8QLS, 
Staff Stafford, 5987 Dublin Road. Oelaware, OH 43015 

September 14: Members of the Utica-Shelby Emergency 
Communications Association (USECA) Utica, Michigan, will 
operate KA8KTV to celebrate the first air-to-ground public 
telephone service inaugurated between Chicago and Detroit 
1957. For a certificate send large SASE to USECA, PO Box 
291, Utica, Ml 48087 

September 13: The Michigan Technological University ARC 
will operate special event station W8YY to celebrate the 
University's Centennial and the Club's Golden Anniversary 
Help support young Amateur Radio students For a com-
memorative certificate send QSL and large SASE to Debbie 
Parmer, c/o W8YY, W. Wadsworth Hall, MTU, Houghton. Ml 
49931 

September 10-14: The Southern Counties ARA will operate 
K2BR during the Miss America Pageant, Atlantic City, NJ 
SASE via SCARA, Box 121, Linwood, NJ 08221 

September 29: Fall Classic Radio Exchange, 2000 UTC, 
Sunday to 0300 UTC, Monday. Object to restore, operate and 
enjoy older equipment with like-minded hams. Exchange 
name. RST, QTH, receiver and transmitter type Same station 
may be worked with different equipment combinations, each 
band, each mode. CWcall "CQ CX", phone "CQ Exchange" 
Send togs and SASE to Stu Stephens, K8SJ, 1407 Hollyrood 
Road, Sandusky, OH 44870 

September 14: The West Alabama Amaieur Radio Society 
(WAARS) will operate special event station WD4DAT from the 
campus of the University of Alabama to commemorate the 
"Greatest College Football Coach in History" Paul Bear' 
Bryant. 1300Z to 2400Z. For a handsome commemorative 
certificate of the event send $1 and large SASE to WAARS, PO 
Box 1741, Tuscaloosa. AL 35403. 

September 17: The Eagle Rock ARC of Idaho Falls will com-
memorate the 198th anniversary of the adoption of (he 
Constitution of the United States with special event stations 
KX7C and N07B. For a special commemorative QSL SASE 
to Eagle Rock ARC. 

September 21: The Paul Bunyan Wireless Association will 
operate a special event station from the site of the Paul Bunyan 
Festival near Brainerd, MN. For a commemorative QSL SASE 
to Paul Bunyan Wireless Assoc., PO Box 354, Pequot Lakes, 
MN 56472. 

September 21: Minnesota QSO Party sponsored by the Paul 
Bunyan Wireless Association, 1700Z Saturday to 1700Z 
Sunday. Special awards for most contacts on phone, CW, 
mixed and QRP Send logs to George Carleton, ADOS, PO 
Box 43, Merrifield, MN 56465. 

September 12: The Columbiana County ARC will operate 
N8DKX to commemorate the annual Johnny Appleseed 
Festival. For a certificate send large SASE and QSL to N8DKX. 
6008 Camp Blvd., Lisbon, OH 44432. 

SAY 
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"TUNE IN" THE WORLD 
OF SPECIALIZED 

COMMUNICATIONS! 
Thousands of "Ham Radio" 

operators across the country 
are enjoying "Specia l ized 
C o m m u n i c a t i o n s " modes. 
Whether It's FSTV, SSTV, FAX, 
OSCAR, EME, RTTY, PACKET 
or COMPUTERS, today's Radio 
Amateur Is a highly skilled 
Communications Specialist! 

Providing lul l , in -depth 
coverage of these modes is our 
business and we've been do-
ing It now for over 19 years! 
And now we're expanding! 

Iowa Residents Must 
Add 4*/. Sales Tax. 

<V. Added To All 
Charge Card Ofdets. 

Now published "monthly" 10 times 
per year, SPEC-COMra readers are kept 
up-to-date in a world of fast moving 
modern technology. 

Why not give us a try? Back issue I 
samples are available for just $2.00 ppd. [ 
(Master Article Indexes add $1.00). 

Special Six Month Trial Subscription I 
-$10.00. U.S.fCanada/Mexico Annual 
Subscription $20.00. (Foreign Subscrip- j 
tions slightly higher). 

S P E C - C O M ™ 
Amateur Radio Special ized 

Communicat ion Journal 
P.O. Box H 

Lowden, Iowa 52255 
(319) 944-7669 (Membership Services) 
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AMEC0 
STUDY GUIDES 

for Novice, General, Advanced and Extra 
AMEC0 study guides are taken from the FCC Amateur Exam syllabus, PR 1035A and have 
answers keyed to the ARRL's recently released study material. These study guides are com-
patable with ARRL and all other VEC exams. While nothing can guarantee that you will 
pass, AMEC0 study guides will make sure that you are fully prepared and ready-to-go when 
you sit for the exam. 
Each study guide has been written in a clear, precise easy-to-read format. Each question 
is fully explained. For subjects that need a more complete explanation, AMECO has cross 
referenced the Novice and General Class study guides with AMECO's AMATEUR RADIO 
THEORY COURSE, 102-01. 
27-01 Novice Class Softbound $2.25 
12-01 General Class Softbound $4.95 
26-01 Advanced Class Softbound $4.95 
17-01 Extra Class Softbound $4.95 
23-01 Novice Class Theory Course Softbound $3.75 
102-01 Amateur Radio Theory Course Softbound $6.95 
Ordar todayl Get yourself ready to upgrade with AMECO Study guides. 

Please enclose $3.50 per order for shipping and handling 

f 3 f o > „ BOOKSTORE 
GREENVILLE, NH 03048 (603) 878-1441 

i mam 
notebook 

solving a difficult 
TV I problem 

Just when I thought I had the neigh-
borhood TVI-proofed a new neighbor 
called to tell me my station was caus-
ing TVI to his cable service. 

After many fruitless attempts to help 
him solve the problem, I told him that 
his situation was, in my opinion, due 
to the shoddy, run-of-the-mill conver-
ter that the cable company had pro-
vided. He didn't believe me and con-
tinued to write letters of complaint to 
the FCC. 

In due time two FCC field engineers 
from the New York City office came 
to my place, dragged a truckload of in-
struments into the house, made a 
number of tests, gave my station a 
clean bill of health, and told the 
neighbor the TVI problem was his 
baby. Again I told the neighbor to get 
a better converter. 

When the cable company did noth-
ing about the problem, the neighbor 
bought a completely shielded state-of-
the-art, crystal-controlled converter 
that cleared up most of the TVI. 

We concluded that the residual in-
terference may have been caused by 
reradiation from the neighbor's 
"Genie" automatic door units. 

A call to the manufacturer was met 
not only with a sympathetic reception 
but also with quick action. The manu-
facturer's representative was familiar 
with the problem, which originated in 
the sequencer boards in the units. She 
said that even though the old units 
were out of warranty, the company 
would send new replacement boards 
at no charge provided the old boards 
were sent back. Installing the new 
boards (Alliance, Inc. Part No. 21277R) 
removed the last trace of TVI. 

J o h n Labaj, W 2 Y W 
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THE GUERRI REPORT fe 
3F power supplies 
ichieve high efficiency 

We have long come to expect the 
lower supply to be the one part of any 
ystem that is heavy and hot. Typical 
near power supplies have power den-
ities of about 0.25 watt/inch3, and 
ire about 35 percent efficient at con-
erting AC line power to usable DC. 
n recent years, however, switching 
upplies have improved the situation 
iy converting the AC line to square 
vaves at about 20 kHz. This higher fre-
luency permits switching schemes 
ising pulse width modulation as a 
egulation mechanism, which in turn 
eeps the input-output differential 
cross the regulator quite small. The 
ssulting supplies have power densities 
if about 1 watt/inch3, and efficiencies 
if more than 60 percent. But this im-
irovement is not without a price. 
Switching supplies generate consider-
ble noise, and consequently require 
lore extensive filtering and shielding 
ban linear supplies. Even so, their ef-
iciency is excellent, and switching 
upplies are now the prevalent type in 
nost Amateur equipment. 

Recently, National Semiconductor 
ias made a significant advance in 
witching technology by developing a 
lower module (No. HS9151) that 
iperates at 1 MHz. This integrated 
ackage operates directly from the 120 
olt AC line and can deliver 5 volts at 
amperes with almost 80 percent effi-
iency. Its small size gives it a power 
lensity of over 5 watts/inch3. As 
/ould be expected, appropriate filter-

ing is mandatory if you don't want to 
hear 1 MHz all over the spectrum. 
However, the high switching fre-
quency makes filtering/shielding very 
manageable. This development surely 
signals the beginning of the end for 
bulky power supply components and 
frees valuable space in the new 
equipment designs for increased 
functionality. 

receiver technology 
makes new strides 

No matter what band we favor, part 
of our success or failure depends on 
the quality of the receiver we have 
working for us. Modern technology 
gives us the option to have nearly 
perfect receiving capability — if we 
choose. Sadly, much of today's excel-
lent technology is not implemented in 
the latest production receivers. 

It's nearly impossible to find a "pro-
fessional " grade communications re-
ceiver whose front-end doesn't fall 
apart at the seams with input signals 
of only - 1 0 dBm, and many do much 
worse. Yet we've had balanced JFET 
front-end designs with 3rd order inter-
cepts of over +20 dBm for nearly 20 
years! The incremental cost for incor-
porating these front-ends would be a 
few dollars in production. On the plus 
side, nearly all new VHF/UHF re-
ceivers incorporate GaAs FET input 
stages, which give good noise figures 
and can handle large, complex input 
signals. 

Intermediate frequency and detector 
sections suffer similarly. The availa-
bility of monolithic crystal and ceramic 

filters has resulted in uniformly good 
performance at IF frequencies up to 45 
MHz. However, few receivers offer 
multiple filters and all-mode detectors, 
even as options. Most of the necessary 
features are available in one or two 
ICs that could be added by the user if 
appropriate provisions were made dur-
ing manufacture. Perhaps receiver de-
signers could take a lesson from the 
computer people who leave empty 
card slots for expansion, or unpopu-
lated sockets for memory expansion. 

Thanks to the TV industry, frequen-
cy synthesis up to about 1 GHz is now 
relatively easy to achieve at modest 
cost. The Yaesu FRG-9600 is the first 
general coverage VHF/UHF receiver to 
use these low cost component assem-
blies in a versatile, reasonably priced 
package. These same techniques could 
be used to make high quality up-con-
version (1st IF above the highest tuned 
frequency) receivers that would be 
image-free up through 450-500 MHz. 

Just as ideas have been borrowed 
from the TV industry, we should soon 
see broader incorporation of computer 
technology into key receiver functions. 
The fact that most current equipment 
is microprocessor controlled makes the 
inclusion of an RS-232 port fairly easy, 
for example. Some manufacturers offer 
this feature now — but it (or some-
thing like it) will become almost a 
necessity as time goes by. Many of the 
advances now taking shape in the field 
of telecommunications are keyed to 
equipment that is computer controlled 
and highly adaptive. 

ham radio 
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LET-TERS WE BET LET- TERi WE BET STACKS AND STACKS OF LET — TEDS. 

Dear Richie . . . Except for the name, the song ' s the same. I remember spending many an evening with 
my family, watching Perry Como on the Dumont. Towards the end of the program, mailmen would 
mysteriously appear, dump several large sacks of letters on the floor, and then disappear again, leaving 
Perry Como alone with those thousands of letters. 

Sometimes at ham radio I feel that I 'm in Mr. Como's situation. Every day we receive short letters and 
long letters from readers, asking or telling about simple subjects, easily grasped, and more complex sub-
jects that send me to the quietude of my library. Club newsletters, new product announcements, DX news, 
and other written communications add to the pile. 

Mind you, I 'm not complaining. Quite honestly, I love to receive mail. A s I 'm sure I've mentioned many 
a time, reading material is like food to me — nay, like the breath of life itself. However (sorry, no "buts"), 
I've found that there is a limit to the number of hours in a day (it took me forty years to figure this out) 
. .. and though one should, in the name of efficiency, "prioritize," I must confess to a particular weakness: 
I believe that if someone's taken the time to write to the editor of ham radio, I want to take the time and 
care to respond. The reply might be shorter than you might like it to be — and it may take a long time 
in coming — but come it will. 

There are a few things you can do to help make sure that you'll get an answer in a timely manner when 
you write. Here are a few suggestions: 

DOUBLE S P A C E your letter, regardless of whether you type, print, or knock it out on your word pro-
cessor. Doing this makes your letter much easier to read and leaves room for me to scribble notes in be-
tween your lines. 

Limit your comments to a S INGLE SUBJECT. Send as many letters as you like, but limit each one to one 
topic only. Sometimes several readers will comment on the same thing — for example, an error in a for-
mula (although, of course, we rarely make mistakes). I can research your question and get an answer to 
you more expeditiously this way. (The DXers among you will appreciate this. When you've worked that 
rare one on several bands, don't you send separate cards for each one to make it easier on the Q S L manager 
or the poor guy filling out those thousands of cards?) 

Keep the LENGTH of you letter to a maximum of 400 words if you can. I understand that this may be 
difficult in some cases, but try. Make a game out of getting to the point quickly. (Now if only I could learn 
to do thatl) 

Clearly indicate if you'd like us not to PUBL I SH your letter. I can't guarantee that we'll print your letter 
(if that's what you'd like), but I promise that if you say "do not print," your letter will not be printed. (If 
that's the case, please feel free to broach any subject. I don't embarrass easily.) One fine point: unless 
you tell us that you don't want your letter published, we'll assume we have your permission to publish it. 

Don't be afraid that what you have to say may not be important, or that your letter might be too short 
(Grace a DieuU. I started this editorial with very little to say, and look at it now. 

Remember, that if nothing else, ham radio is a conduit of your thoughts and interests. Its content is gathered 
and published to meet your needs. The mere readers we hear from the more accurate our understanding 
of your interests will be. 

To the hardy few who've read this far, please write. And be patient. A response from this office will come. 
Rich Rosen, K2RR 
Editor-in-Chief 
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comments 

m o r e N o v i c e privileges 
Dear HR: 

Back when the original Novice 
license was created, it included phone 
privileges on the high end of 2 meters. 
This was dropped because the new 
Novices were talking their 1-year, non-
renewable tickets away. Now that the 
Novice ticket is a 10-year, renewable 
affair, maybe some thought should be 
given to letting the Novices back on 2 
meters. . . . Interference the Novice 
may cause is easier to track down on 
2 and does not propagate over the en-
tire planet. Loading 2 meters with 
Novices might even force the develop-
ment of modern commercial repeater 
techniques to increase the capacity of 
the voice repeater systems as well as 
development of the other VHF 
bands. . . . 

The new license would allow Nov-
ices the same operating privileges as 
the Technicians, so they could operate 
packet, RTTY, CW, SSB, FM, or any-
thing else that strikes their fancy and 
is legal. 

This new Novice license would 
mean that Novices could work on 
public service and disaster com-
munications while their interest is high 
(as was yours when you first got your 
license, remember?) and they're moti-
vated to get involved. And they could 
also work on HF when they wanted to. 
The Techs will scream since many 
really aren't living up to the purpose 
of their license — the development of 

all the VHF spectrum — but are in-
stead just living on 2 meters. 

It would be nice if the ARRL would 
make holding at least one Novice class 
per year a requirement of affiliated 
clubs (forgiving schools — it's tough 
enough for those). Maybe also have a 
minimum passing rate of, say, 30 per-
cent or three new Novices per year. 
Something like that, anyway. They 
want growth — this will help. 

William E. Newkirk, WB9IVR 
Melbourne, Florida 

can anyone help? 
Dear HR: 

I am 31 years old, a General Class 
ham, and handicapped with multiple 
sclerosis. I am unable to work, so my 
wife supports us and our two little 
girls, ages 6 and 8. On our very limited 
income the purchase of new or used 
equipment is impossible. 

Maybe there is someone in your 
readership who has some equipment 
they haven't used in a while, but is still 
in working condition, that they would 
be willing to donate. I need a good 
transceiver (solid-state or tube) or 
transmitter and receiver, power supply, 
and VHF/UHF radios, and any station 
accessories, such as microphone, 
wat t /SWR meter, etc. 

I can assure you that any equipment 
anyone donates will be put-to good 
use and appreciated very much. Thank 
you for your time and effort on my 
behalf. God Bless you. 

John T. Statham, N5HTQ 
1506 Sheila Drive 

McComb, Mississippi 39648 
(601) 684-9558 

service note 
Although R.L. Drake no longer man-

ufactures Amateur Radio products, 
service is still available. We're at 540 
Richard Street, Miamisburg, Ohio 
45342 (513 866-3211). 

William A. Frost, WD8DFP 
Service Manager 

R.L. Drake Company 
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Your AEA PKT-1 
Allows You To: 

* Communicate at computer 
speed and with no errors on 
HF, VHF, UHF and OSCAR 
.. .through QRM and QRN, and 
direct or via digipeater 
links...and leave a message, 
even when the person you 
want to talk with is not there, 

You Can Talk With: 
Club stations 
Nets 
Bulletin Boards 
Mail boxes 
2,000 stations now, 
and more every day 

On 10.147 MHz; 14.103 MHz; 
145.832 MHz; 145.01 MHz; 
OSCAR 10; and other bands 
and frequencies. 

All you need Is your home sta-
tion, a computer, some com-
municaitons software, and an 
AEA PKT-1 Packet Controller. 

Call or visit your AEA dealer, or 
write for a complete information 
package TODAY. You can And out 
a b o u t PACKET by r e a d i n g 
WB7GXD's tutorial articles in the 
September and October 1983, and 
January 1984 issues of 73 Ear Ra-
dio Amateurs. 

A E A P.O. Box C-2160 
LYNNWOOD, WA 98036 
(206) 775-7373 
TELEX: 152571 
AEA INTL 
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de W9JUV 
33 CM HAS BECOME THE NEWEST U.S. AMATEUR BAND, open for use 0001Z September 28, 1985, 

about the time you read this. All modes, for Technician class and above, are permitted in 
the 902-928 MHz slot, though Amateurs may not interfere with other band users (principally 
Industrial, Scientific, and Medical). Due to government needs, the band is not available 
in Colorado, Wyoming, or within the White Sands (NM) Missile Range; 33 cm Amateur stations 
within 150 miles of the Range borders are also limited to 150 watts PEP. 

First Extensive Use Of 33 CM Is Likely To Be On FM. using 903-905 MHz rigs developed 
for use by the Japanese Personal Radio Service. A few are already in the U.S., and quite a 
few are believed to be in inventory in Japan since the number of Japanese users has not met 
the makers' expectations. W9JUV checked Dut a pair late last year on an FCC experimental 
license, and the Amateurs who had a chance to operate with them found their sophisticated 
selective calling and other features fascinating though absorption by foliage severely 
restricted their ground-level range. Unfortunately their frequency scheme conflicts with 
that developed by ARRL's VUAC, which places weak signal, beacon, linear translator and 
digital users in the 903-905 MHz portion of the new band and FM simplex at 906-907 MHz. 

On The Same Date U.S. Amateurs Lost 420-430 MHz Above "line A," an imaginary line that 
runs across the country 50 miles south of the Canadian border. This provides a buffer 
zone for Canadian 420-430 MHz Land-Mobile activity, by a 1982 U.S.-Canadian agreement. 

A NATIONAL ORGANIZATION OF VOLUNTEER EXAMINER COORDINATORS was probably the most signifi-
cant result of the FCC's VEC meeting in Gettysburg August 9. 16 VECs, essentially all of 
the most active, were represented at the all-day session in which the FCC, for all intents 
and purposes, finished passing the Amateur examination ball to the Amateur VECs. 

Though The FCC's Day-Long Meeting Was Itself Rated "Highly Successful" by all parties , 
it was at an informal post-session rehash Friday night that the seeds were planted for the 
national VEC group. Tentatively named the "Coalition of Amateur Radio Examiners" (CARE), 
the new group is considering such things as mutual accreditation of each other's Volunteer 
Examiners, developing a common examination pool with cooperative printing and stock-piling, 
and cooperation in scheduling of exams. Membership in CARE will be open to any FCC-accredited 
VEC and to any individual Volunteer Examiner even if the VE's VEC is not a CARE member. 

Development Of The CARE Organization Is Continuing Rapidly; W9JUG at DeVry can provide 
additional information for those interested. A national VEC net, to discuss the VEC program 
in general and CARE in particular, now it.eets Sundays on 14173 kHz at 1700Z. 

EXTENSIVE AMATEUR OPERATION FROM SPACE IS PLANNED for the Space Shuttle's Flight 61A, 
scheduled for liftoff October 16. The European crew includes Amateurs PE1LF0, DB2KM, and 
DD6CF, who'll operate on both 2 meters and 70 cm with antennas mounted on the Shuttle's 
surface instead of using the makeshift window antenna of previous flights. 

Operation On The 10 Or 15 Meter Bands Is Also Being Considered, to provide new and 
useful information on HF propagation through the ionosphere. At press time it appears 
these operators will be permitted much more on-the-air time than any previous astronauts. 

A U.S.-JAPANESE RECIPROCAL LICENSING AGREEMENT HAS BEEN SIGNED, according to the 
August 9 issue of Japan Times. Under U.S. reciprocal licensing rules, Japanese "no-code" 
license holders will have the same operating privileges here as they have in Japan—above 
30 MHz. Japanese will not be the first "no-coders" to operate in the U.S., however, as a 
number of the other 65 countries with whom we have such agreements also have a no-code 
license. Since the Amateur population of Japan is so large, with so many holding a no-code 
license, a noticeable influx of Japanese: reciprocal license holders can be expected. 

8N1AAA Through 8N1XZZ Is The Callsigrt Block Reserved For U.S. Amateurs licensed in Japan. 
The new agreement, the result of extended negotiation (the U.S. is the first nation to 
establish a reciprocal agreement with Japan), should become effective in September. 

CALIFORNIA'S PROPOSED BILL OUTLAWING 800-MHZ SCANNERS has been substantially tempered 
thanks to the efforts of attorney NbAHU and others. California Senate Bill 1431 still 
prohibits the "malicious" use of 800 MH:; equipment designed specifically to eavesdrop on 
cellular radio, but includes exemptions for Amateurs and scanner buffs. 

A Similar Threat Has Appeared On The National Scene, however, as a "discussion draft" 
of a U.S. House of Representatives bill that would broadly extend present restrictions 
against wiretapping to all forms of electronic communications. 

Telephone Company Concern Over Privacy Of Cellular Communications is believed to have 
spawned this new bill, tentatively titltsd the "Electronic Surveillance Act of 1985," as 
was the case with the California legislation. 

USE OF 432 MHZ AS A RELAY FREQUENCY FOR COMMERCIAL TV VIDEO has been requested in a 
request for waiver filed with the FCC by a Lake Havasu (AZ) low-power TV station owner. 
Comments on the TV station owner's request (which he claims has local Amateur support) are 
due October 10; Replies are due October 28. Refer to PRB-2; include four copies plus original 

JOM)ANIAN AMATEURS WILL USE THE JY50 PREFIX November 7-21 in celebration of the 50th 
birthday of King Hussein, JY1. Extensive activity on 160 through 10 meters, plus OSCAR, Is 
promised, with five JY50 QSO (10 in Europe) good for a special award. 
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computer-aided 
audio filter design 

No adjustments necessary 
— just build it and it works 

Audio filters are a simple, inexpensive way of real-
izing very high selectivity without any modifications 
to the transceiver (or receiver). A number of commer-
cial audio filters are available, and many articles pro-
vide designs. 

But I wanted an audio filter with specific features, 
including a very well-defined audio passband for CW 
applications; single-chip design (to minimize wiring); 
battery operation, with the lowest possible current 
drain to maximize battery life; and small size, for 
headphone-only operation. I also wanted to design and 
build this filter in just a weekend or two, and have fun 
doing it. 

Although the "weekend or two" evolved into about 
two months of evenings and weekends, the project 
turned out to be both entertaining and educational. 

Because I knew that two-pole bandpass or low-pass 
filters are very easy to design, I expected the project 
to be brief. The design equations are, after all, available 
in many reference books,1 and I've listed them in fig. 
1 for convenient reference. Given the desired center 
frequency, Q, and gain, the correct Rs and Cs are 
easily calculated, (fig. 1). But a good audio filter re-
quires that a number of two-pole filters be cascaded. 
So the question arises, what should the center fre-
quency, Q, and gain of each two-pole section be? 
Should only bandpass sections be used, or should low-
pass sections also be included? In other words, it's 
easy to design one stage, but it's not at all clear how 
to design three or four stages and know what the over-
all bandpass characteristics will be. 

I approached this problem by writing a program for 
the Apple II + that allows the user to enter four sets 
of Q, H (= gain), and FO (= center frequency or corner 
frequency). Each filter may be either a bandpass or 
low-pass type. The program then evaluates the 

response of up to four filters over a user-designated 
band, in 10 Hz increments. The combined response 
of the four filters is then plotted on the screen using 
the high resolution graphics mode. This allows a detail-
ed examination of the overall filter bandpass curve 
before it's built. 

trial-and-error 
This method, then, is essentially a computer-aided 

trial-and-error process. Four sets of parameters are 
selected, and the computer plots the response. If one 
side of the plot is "sagging," the gain, Q, or center 
frequency can be changed and the new response plot-
ted. It isn't very long before one gets a feel of what's 
going to happen when a given parameter is changed. 

By trying various combinations of Q, H, and FO it 
takes surprisingly little time to obtain a filter that has 
a very flat top, and very steep skirts. Typically, it takes 
about ten tries; each takes less than 5 minutes. This 
means that a filter can be designed in about an hour. 
Figure 2 shows the bandpass characteristics of a 
three-stage design that was done using the above 
process. 

One might ask whether filters synthesized using this 
technique are the best of all possible filters that can 
be designed using up to four stages. This question 
may be addressed by comparing the results obtained 
using this method with the response of an ideal filter 
having an absolutely flat passband and infinitely steep 
skirts. It seems to me that passband flatness of better 
than 1 /4 dB is pointless because you can't hear it — 
1 /4 dB is not perceptible to the human ear. For prac-
tical purposes, therefore, this filter is as good as the 
best obtainable as far as passband flatness is 
concerned. 

However, it is possible, and even probable, that bet-
ter skirts can be achieved using different filter par-
ameters or perhaps four stages instead of only three. 
It becomes a question of how much time one is will-
ing to put in to achieve the desired improvements. 

By Dana F. Geiger, KE2J, 42A Sandy Hollow 
Road, Port Washington, New York 11050 
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Qlvn: H,t «, («Calculate: 
S»/»cf C2 * C 
Calc «(«(•: » l> 
Salac! C5 < K • C2 
Recaleukia: *» 

Calculate 

Calculate: 

'Thle aquation ta Incorrect In reference I. but /Ma ftaan corrected above. 

rh rh 
bandpass Altar 
Giwn: H* Q, **1 = 3't«t 
Select: C = C3 = C4 

Calculate HI » H ̂  C 
R3 - Q 

" (JO' - H,)„,C 
«5 = » 

fig. 1. Design equations for single, two-pole (41 low-pass 
and (fl) bandpass filter. 

It's tempting to choose high Qs to improve the 
skirts. But this presents a potential problem because 
high Qs cause ringing. The rule of thumb I developed 
for choosing Q is: 

Q = JO • F0 
where F0 = center frequency in kHz. 
Example: At F0 = 500 Hz, the maximum Q is 5. 
(Q = 10 • 1/2 kHz). 

This rule of thumb is derived by calculating that at 
40 WPM CW, a dot is about 25 ms long. This implies 
that the transient response of each stage of the filter 
should decay within 2 to 3 ms (= 1/10th of 25 ms), 
ensuring that the CW will not be stretched out by the 
decay time of the filter stages. 

SOD 700 BOO 

CENTER FREQUENCY (Ml) 

HHar I: confer frequency = 820 0 = 10 
Hlw 2: center frequency - 670 o s 10 
Inter 3: center frequency = 740 0 = 5 cantar sca/a frequency = 700 mailmum gain = 0.197313292 

nam - I 
gem = t 
gein = I 

bandpass characteristics or a three stage filter 
filter 1: center frequency * 820 Q=I0 gain = 1 
filter 2 centar frequency = 670 0 = 10 gem = I 
tiller 3: center frequency - 740 Q = 5 gein = 1 
canter scele frequency =* 700 maximum gun - 0 197 

fig. 2. This shows plot of three cascaded bandpass filters 
(two poles each). 

From the equation for a bandpass filter {see refer-
ence 1), it is known that the decay time constant is: 

decay time constant = (JT^^FW) 

With the decay time constant selected at about 3 
ms, the above rule of thumb follows. This is really a 
somewhat conservative rule, and serves only as a 
guide. In the above example, a Q of 10 is still not 
unreasonable, but a Q of 25 or 50 will create a music 
synthesizer, not an audio filter. 

The 3 dB width of the filter was selected as some-
where between 150 and 200 Hz because it seemed to 
me that it would be difficult to tune in a signal with 
a substantially narrower filter bandwidth. A 200 Hz 
width represents only a very small rotation on the 
transceiver main tuning dial. Furthermore, there is a 
limit to how narrow the bandwidth can be made for 
a given CW speed. 200 Hz seems to be quite effec-
tive in practice. 

After calculating the values of resistors and capaci-
tors for the filter (using the design equations in fig. 
1), it was not surprising that the calculated values were 
not standard 5 percent parts. However, the closest 
standard 5 percent values were substituted and the 
analysis program was then used to recalculate the filter 
parameters. 

This resulted in filter parameters that differed slightly 
from the originally synthesized values. For example, 
the initial Q of 10 became 9.9. To be sure that the 
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Simple construction techniques include point-to-point 
wiring on perfboard. 

Heart of circuit is contained in centrally located 14-pin 
DIP. 

5 0 0 550 600 65 0 750 8 0 0 650 950 1000 

CENTER FREQUENCY (HI) 

computet generated vs measured bandpass characteristics 
tiller I confer frequency = 808 0 = 99 gain ~ 1 01 
filler 2: center frequency - 671 Q = 9.9 gain - 0.98 
liltet 3. center frequency = 740 0 = 5 0 gain = 1 0 8 
center scale frequency = 750 

i gain = 0.246 

measured results (see schematic) 
frequency 

500 
550 
600 
650 
700 
750 
BOO 
850 
900 
950 

1000 
7t6 (peek) 

>5 4 mV 
63 6 mV 
>00.6 mV 
99.2 mV 
89 5 mV 
36 4 mV 
13 8 mV 
6 8 mV 
3 8 mV 

100 7 mV {man) 

output vol ts 
peak vo l ts 
- 35 00 
- 26 40 

>6.30 
- 4 00 
- 0 0 > 
- 0 >3 
- I 02 
- a BO 
- 17 30 
-23 40 
- 28.50 

0 treference) 
100.7 >16 8 mV ' 

IV,,, = 116 8 mV al all frequencies) 

"circuit contains an ampllller — see schematic fhg. 4/ 

fig. 3. The "y" axis has been placed at 750 Hz by using 
the manual mode in the plotting program. 

Completed unit measures less than 3 x 5 inches (7.6 x 
12.7 cmj. 

overall filter characteristics didn't change substantially, 
the transfer function was replotted using the program. 
If significant departures were observed, closer values 
of resistors were synthesized using parallel combina-
tions of resistor pairs. The replotted bandpass curves, 
shown in fig. 3, can be compared to the original plots 
in fig. 2 to demonstrate how the use of practical parts 
has changed the filter. 

filter circuit 
The filter circuit is shown in fig. 4. The nomencla-

ture for the resistors and capacitors follows that in 
reference 1. The entire circuit draws 1.3 mA from the 
9 volt battery, while delivering full volume into 8 ohm 
headphones. 

The performance was measured using a digital volt-
meter (true RMS), a digital counter, and a function 
generator. In fig. 3, the actual response is plotted over 
the computer generated response. 

The nastiest problem was the presence of RFI in the 
headphones during transmit. W2CXK suggested lining 
the inside of the plastic box with copper foil. (A metal 
box is probably best for the enclosure.) It was also 
necessary to use RF filters at both the input and out-
put to totally eliminate the RFI. 
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10 I - FRE (0) 700 IF T4 • 1 THEN S4 • FN HtHI: GOTO 720 
20 PRINT : PRINT 710 IF T4 > 2 THEN 64 • FN L R U ) 
30 PI = 3,1415926 720 RIIF - FBI / 10) • 61 « 62 « 63 » 64 
40 TEXT : HONE 730 PRINT "R("lFi")»'iftt(F - FB) / 10) 
50 DEF FN LIX) • LOG 11) / LOG 110) 740 NEXT F 
60 REN LOGO) IS THE NATURAL LOG IN THIS BASIC. LOG 110) IS THE NATURAL 

LOG OF 10 (ABOUT 2.3). LIX) IS THE LOG TO THE 1ASE It, AS REQUIRED IN 760 REM FIND THE LARGEST RESPONSE (LEAST ATTENUATION) IN THE BAND. 
THE PROGRAM. 770 MAX = R!0) 

70 DEF FN HIN) = H0 / SDR 11 • !0 A 2) « IN / M - 110 1 M - 2) 780 FNAX = FB 
90 DEF FN LPIH) - IH0 i i * 1) ( SOR IN " 4 • <AL " 2 2) • IN * 2) » 790 FOR N = 0 TO AR6 - 1 

(110 A 2) • IN0 * 4)) 810 X " N M 
90 REN »»»»»#mo#mmtmt»#»»«M« 810 IF RIX) > RIN) THEN NAX = R(X):FNAX = X » 10 * FB 
100 REN ENTER FILTER CHARACTERISTICS 820 PRINT N 
110 INPUT 'TODAY'S DATE:"!M 830 NEXT N 
120 INPUT 'HON HANY FILTER SECTIONS' (1,2,3 OR 4): "|FS 840 REM CONVERT TO DB HITH REFERENCE TO THE LARGEST SIGNAL. 
130 IF FS = 1 THEN T2 = 0:T3 = 0:T4 = »: GOTO 180 850 FOR H * g TO ARG 
140 IF FS = 2 THEN T3 = t:T4 = 0: 60TD 1S0 860 X = RIN) / MAX: REN NORMALIZE 
150 IF FS = 3 THEN T4 = 0: SOTO 180 670 RIN) -- 20 » FN K X ) 
160 IF FS = 4 THEN 180 680 PRINT N,R(N) 
170 HONE : GOTO 120 890 NEXT N 
180 PRINT "»«»tt FILTER i » « • » " 900 REM HHHHHHHtHimHIIHtl 
190 INPUT 'BANDPASS OR L0NPASS7IB OR L):"iTt 910 REM PLOT AXES 
200 IF T» * "B" THEN INPUT "CENTER FREQUENCY'";F1: INPUT "0=";01: INPUT 920 HGR : HCOLOR* 3 

"GAIN-"!Hl:Tl • l: GOTO 230 930 HPLOT 140.0 TO 140,159: REM Y AXIS 
210 IF Tt • V THEN INPUT "CORNER FREQUENCY*";F1: INPUT "ALPHA=" Al: INPUT 940 HPLOT 0,0 TO 0,156: REM LEFT BORDER 

"GflIN=";Hl:Tl • 2; GOTO 230 950 HPLOT 279,0 TO 279,1541 REM SI6HT BORDER 
220 HONE : GOTO 190 960 HPLOT 0,156 TO 279,156: REM X AXIS 
230 IF FS « 1 THEN 6DT0 410 970 HPLOT 0,0 TO 279,0: REM TOP BORDER 
240 PRINT : PRINT "»»•" FILTER 2 »»««• 980 FOR N • 1 TO 27: REM X AXIS TICS 
250 INPUT 'BANDPASS OR L0HPASS7IB OR L):"sTt 990 REN SCALE FACTOR IS 2HZ PER PIXEL. THEREFORE IN 140 PIXELS, 280 HZ I 
260 IF T» * 'B' THEN INPUT 'CENTER FREQUENCY""|F2: INPUT "0«"S02: INPUT S DISPLAYED ON EITHER SIDE OF THE CENTER FREQUENCY 

"6AIN""iH2:T2 • l: BOTO 290 1000 REM A TIC EVERY 10 HZ 
270 IF T« " "L" THEN INPUT "CORNER FREQUENCY""|F2: INPUT "ALPHA"" A2: INPUT 1010 HPLOT 140 • 5 » N,156 TO 140 t 5 i N,157 

"6AIN»")H2:T2 • 21 GOTO 290 1020 HPLOT 140 - 5 • N,156 TO 140 - 5 « N,157 
2B0 GOTO 240 1021 REN : 308 AND 30DB LINES 
290 IF FS • 2 THEN GOTO 410 1022 HPLOT 140 + 5 • N,12 
310 PRINT : PRINT " » « M FILTER 3 n«»»> 1023 HPLOT 140 - 5 « N,12 
310 INPUT "BANOPASS OR L0WPASS7IB OR L):"|T» 1024 HPLOT 140 • 5 • N,120 
320 IF Tt » "B" THEN INPUT "CENTER FRE0UENCY""|F3: INPUT •H»"H5: INPUT 1025 HPLOT 140 - 5 » N,I20 

"GAIN1")H3:T3 « 1; GOTO 350 1030 NEXT N 
330 IF Tt • "L' THEN INPUT "CORNER FRE5UENCY""|F3: INPUT "ALPHA"" A3: INPUT 1040 REM A LAR6E TIC EVERY 50 HZ 

"BAIN""!H31T3 • 2: GOTO 350 1050 FOR N • 1 TO 5. 
340 GOTO 300 1060 HPLOT 140 • 25 » N,f TO 140 • 25 t N,2 
350 IF FS * 3 THEN 60T0 410 1070 HPLOT 140 - 25 « N,0 TO 140 - 25 • N,2 
360 PRINT : PRINT •««•« FILTER 4 •««..• 10S0 HPLOT 140 • 25 » N,154 TO 140 • 25 » N,15? 
370 INPUT "BANDPASS OR LONPASS?(B OR U:"iTt 1090 HPLOT 140 - 25 » N, 156 TO 140 - 25 « N, 159 
380 IF T« " "B" THEN INPUT "CENTER FRE0UENCY*":F4: INPUT •Q--JB4: INPUT 1100 NEXT N 

"6AIN«"»H4:T4 « 1: 60T0 410 1110 FOR N = 0 TO 152 STEP 4 
390 IF Tt « "L" THEN INPUT "CORNER FREQUENCY2'SF4; INPUT "ALPHA=" |A4: INPUT 1120 HPLOT 139,N TO 141,N 

"6AIN*"{H4:T4 = 2: GOTO 410 1130 HPLOT 0,N TO 1,N 
400 GOTO 360 1140 HPLOT 278,N TO 279,N 
410 PRINT : PRINT 1150 NEXT N 
420 INPUT 'STARTING FREQUENCY""|FB 1160 REM Y AXIS TICS AND LINES 
430 INPUT "ENDING FREQUENCY"" )FE 1210 HPLOT 138,40 TO 142,40 
440 ARG • INT IFE - FBI / 10 1220 HPLOT 0,40 TO 2,40 
450 IF ARG < • 0 THEN GOTO 420 1230 HPLOT 277,40 TO 279,40 
460 DIN R(ARG) 1240 HPLOT 138,80 TO 142,80 
470 PRINT 1 PRINT "CENTER FREOUENCY OF GRAPH" 1250 HPLOT 0,80 TO 2,80 
480 PRINT 1260 HPLOT 277,80 TO 279,60 
490 PRINT "ENTER 'M' FOR MANUAL' 1261 HPLOT 130,120 TO 142,120 
500 PRINT "(ANY OTHER CHARACTER DEFAULTS" 1262 HPLOT 0,120 TO 2,120 
510 PRINT " TO AUTOMATIC.)" 1263 HPLDT 277,120 TO 279,120 
520 GET Nt 1270 REN X AXIS SCALE FACTOR IS 2HZ/PIXEL 
530 IF Nt - "N" THEN INPUT "CENTER FREB-",FC 1260 REM Y AXIS SCALE FACTOR IS 10DB/40 PIXELS 
540 REN HHIIHHHmHIIHIIIHHIHHHt 
550 FOR F - FB 70 FE STEP 10 1300 REM PLOT THE RESPONSE 
560 N • 2 » PI « F 1318 FF » FMAX 
570 0 » S D H 0 • HI :HI • F1 < 2 » PI.-AL « M 1320 IF HI • "M" THEN FF = FC 
5B0 IF T1 • 1 THEN 61 - FN HIH): GOTO 600 1330 FOR N = 0 TO 54 
590 IF 71 « 2 THEN 61 • FN LP IN): SOTO 600 1340 X • 5 # N • 5 
610 IF T2 • 0 THEN 62 • 1: GOTO 640 1350 F » FF - 270 • 10 » N 
610 B • !2:H0 » H2:»0 « F2 • 2 » PI:AL * A2 1360 IF F > FE THEN 1460 
620 IF T2 « 1 THEN S2 • FN HID): GOTO 640 1371 IF F < FB THEN 1480 
630 IF T2 • 2 THEN 62 « FN LPINC SOW HI 1380 Y = 4 » ABS IRKF - FB) / 10)) 
640 IF T3 • 0 THEN 63 = 1: GOTO 680 1385 REM FACTOR OF 4 BECAUSE THERE ARE 4 PIXELS PER DB. THIS ESTABLISHE 
450 Q = 83:H0 • H3:*0 * F3 < 2 » PI.'AL » A3 S THE SCALE FACTOR ON THE SCREEN. 
660 IF T3 = 1 THEN 63 * FN HIN): GOTO 680 1390 IF Y > 159 THEN 1480 
670 IF T3 • 2 THEN 63 * FN LP(tt): GOTO 6B0 
630 IF T4 • 0 THEN 64 • 1: GOTO 720 
690 0 • 14:H0 - H4.-N0 • F4 « 2 » PI:AL • A4 fig. 5. P l o t t i n g p r o g r a m listing. 
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fig. 5. (continued) 

1400 VI « V - 2: ru • Y • 2 
1411 XL • X - 21XU > X • 2 
1420 IF VL < 0 THEN VI • 0 
1431 IF VII > 159 THEN VU • 159 
1441 IF XL < 0 THEN XL - I 
1451 IF XU > 279 THEN XU • 27? 
1448 HPLOT XL,Y TO XU,V 
1478 HPLOT XjVL TO X,VU 
1400 NEXT N 
1498 PRINT "CENTER FREQ«'iFF,"SAIN='!l1AX 
1580 PRINT "PARAMETER HARDCOPY7 IV OR NP 
1510 6ET VI 
1528 IF Y8 « " V THEN GOSU8 1578 
1538 IF Y» » "N" THEN 1558 
1548 SOTO 1508 
15S0 END 
1568 REN » t » « « m » « » H H M « » » m « » » » 
1570 REM HAKES HARDCOPY OF PARAHETERS. 
1588 PRI l : REH TURN ON PRINTER 
1598 PRINT III 
1600 H0 = HUB • Si:F « F1:AL « A l lT I » "FILTERlI" 
1610 IF Tl • 1 THEN 60SUB 1810; REH FOR BPF 
1620 IF Tl • 2 THEN 60SUB 1860! REH FOR LPF 
1630 IF T2 * 8 THEN 1670 
1640 H8 * H2:Q • B2:F • F2:AL • A2:T« • "FILTER2:" 
1650 IF T2 • 1 THEN 60SUB 1810 
1660 IF T2 • 2 THEN GOSUB 1860 
1670 IF T3 • 0 THEN 1710 
1680 H0 • H3:0 • Q31F • F31AL • A3iTI • "FILTER31" 
1690 IF T3 • 1 THEN G0SU6 1810 
1700 IF T3 • 2 THEN BDSUB 1860 
1710 IF T4 • 0 THEN 1760 
1720 H0 « H4:B • Q4:F • F4IAL • A4:TI • "F1LTER4!" 
1730 IF T4 « 1 THEN 60SUB 1810 
1740 IF T4 • 2 THEN SOSUB 1860 
1750 PRINT 
1760 PRINT "CENTER SCALE FREQUENCY"" ;FF 
1770 PRINT "HAXIHUR 6AIN»"iHAX 
1780 PRI 01 REH PRINTER OFF 
1790 X = FRE (0) 
1800 END 
1810 REH • » • • » • « • • « » " • » » > • » • • » » " 
1820 REH PRINT ROUTINE FOR BPF'S 
1830 PRINT 
1840 PRINT T l i " CENTER FRE8="iF!" Q»";a; ' GAIN'"!H0 
1850 RETURN 
1860 REH » » M » « » M « # H M » » » M » » M 
1B70 REH PRINT ROUTINE FOR LPF'S 
1BB0 PRINT 
1890 PRINT T i l " CORNER FRES'"iF!" ALPHA«'|ALI' 6AIN»"|H0 
1900 RETURN 
1918 REH m H H H H U H H H H H I I I 

I have used this audio filter on the air w i th m y 
FT101ZD, which has very good selectivity by itself. Ye t 
the audio filter provides a very substantial improve-
ment in reading the C W signals through Q R M or Q R N . 
It is important to have a means of switching the filter 
in and out during a normal Q S O . Even a small amount 
of drift of either station will th row the signal out of the 
passband. It is then necessary to revert to w ideband 
operat ion ( that is, filter off) to f ind the other station 
again! This is accomplished wi th the o n / o f f switch 
s h o w n in the schematic. T h e signal is directly routed 
to the headphones in the " o f f " position 

I f TEXT ! HONE 
20 X • FRE ( I ) 
30 PRINT ! PRINT 
41 PI • J,1415924 
51 PRINT "SELECT THE DESIRED FUNCTION BY NUMBER 
60 PRINT 
70 PRINT " I I DESIGN BANDPASS" 
80 PRINT 
90 PRINT '21 ANALYZE BANDPASS" 
180 PRINT 
110 PRINT "3) DESISN LONPASS" 
120 PRINT 
130 PRINT "4) ANALYZE LONPASS" 
140 PRINT 
150 PRINT "5) EXIT" 
160 SET S 
170 ON S SOTO 210.400,628,930,610 
180 GOTO 10 
190 REH i D i K i i t t m m t i t i K f i i H i i i i 
200 REM BPF DESIGN 
210 HOHE 
220 INPUT "GAIN«"|H0 
230 INPUT "Q'";G 
240 INPUT "CENTER FREQUENCY (HZI="jF0 
250 H0 * 2 • PI # F0 
260 INPUT "SELECT C(UF)»';C 
270 C » C » 10 A - 6 
280 R1 * Q / (H0 « H0 » 0 
290 R2 » Q / 1(2 « D A 2 - HI) » H0 « C) 
300 R5 « 2 « 8 / (N0 < C) 
310 PRINT "R l= " iR l 
320 PRINT "R2*"iR2 
330 PRINT "R5«"|R5 
340 PRINT "ANOTHER DESISN' (Y OR N)" 
350 GET Y$ 
360 IF U = "Y" THEN GOTO 210 
370 IF V» = "N" THEN GOTD 10 
380 GOTO 340 
390 REN t m m n t u t u u m m t i n 
400 REH BPF ANALYSIS 
410 HOHE 
420 INPUT "R1(K0HH)="JR1 
430 R1 = R1 « 10 A 3 
440 INPUT "R2(K0HH)="iR2 
450 R2 = R2 « 10 A 3 
460 INPUT "R5(K0HR)=";R5 
470 R5 * R5 « 10 A 3 
4B0 INPUT "C(UF)="SC:C » C » 10 * - 6 
490 H0 * 1 / 12 » IR1 / R5 >) 
500 110 * SQR 1(1 / IC » C # R5») « ( (1 / Rl) + (1 I R2111 
510 A = I I SOR 111 I Rl • 1 / R2) » R5I 
520 9 « 1 / (2 • A) 
530 PRINT "SAIN»"iHI 
540 PRINT "0«" ! f l 
550 PRINT "F0<=";II0 / (2 » PI1 
560 PRINT "ANOTHER EVALUATION (Y OR Nl?" 
570 SET Y» 
580 IF Y» = V THEN PRINT : GOTO 420 
590 IF Y« = "N" THEN 10 
600 GOTO 560 
610 END 
620 REH M M i m m t H M H t f t f t f M 
630 REH LPF DESIGN 
640 INPUT "L0N FRED GAIN <H0)*"iH0 
650 INPUT "ALPHA l<2l-"SAL 
660 INPUT "BREAKPOINT FREB-' lF 
670 N0 » 2 * PI » F 
680 INPUT "C2 IUF)«"iC 
690 K = IAL A 2) / 14 • (H0 + 1)1 
700 PRINT "CHOOSE C5 <»' |K » C|" (UF)' 
710 INPUT "C5 (UF1-")C5 

fig. 6. Design/analysis listing (continued on page 22). 
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7 2 0 I F C 5 > K « C T H E N P R I N T " T R Y A G A I N . , I G O T O 7 0 0 

7 3 0 K = C 5 / C 

7 4 0 C « C « I E - 6 

7 5 0 D = S S R ( l - 4 » K # ( H t 1 ) ! A L A 2 ) 

7 6 0 R 4 • ( A L / 1 2 • K » « 0 » C D » I I • D ) 

7 7 0 S 4 = ( A L / ( 2 « K t H 0 » C I ) > 1 1 - 0 ) 

7 8 0 R 3 = 1 / U « 0 A 2 1 » K « ( C A 2 ) • R 4 ) 

7 9 0 S 3 = I / K H 0 " 2 ) « K • ( C A 2 ) » S 4 ) 

0 0 0 R l = R 4 / H 0 

8 1 0 S I = S 4 / H 0 

8 2 0 P R I N T " R l = " j ( I N T ( 1 0 0 0 • R l ) ) / l E 6 i " K O N S " 

8 3 0 P R I N T " R 3 = " ! ( I N T ( 1 0 0 0 • R 3 1 ) / 1 E 6 I * K O H M S " 

8 4 0 P R I N T ' R 4 * " i ( I N T ( 1 0 0 0 » R 4 ) l / 1 E 6 ; " K O H M S " 

8 5 0 P R I N T • « » » • » » « O R « • » « « # « • 

8 6 0 P R I N T " H I ' - M I N T ( 1 0 0 • S I D / l E 6 i " K O H M S " 

8 7 0 P R I N T " R 3 ' = " i ( I N T ( 1 0 0 M S 3 D / l E 6 i K O H M S ' 

8 8 0 P R I N T " R 4 ' = ' ; ( I N T ( 1 0 0 i t S 4 D ! I E & ; K O H M S ' 

. 8 9 0 P R I N T " A N O T H E R D E S I G N ? ( Y O R N l " 

9 0 0 G E T V » 

9 1 0 I F Y « = " Y " T H E N 6 2 0 

9 2 0 G O T O 1 0 

9 4 0 R E M L P F A N A L Y S I S 

9 5 0 I N P U T " R 1 ( K O H M S ) = * i f t l 

9 6 0 I N P U T " R 3 ( K 0 H M S 1 = ° ! R 3 

9 7 0 I N P U T " R 4 ( K O H M S ) = " i R 4 

9 8 0 I N P U T " C 2 ( U F ) « " | C 2 

9 9 0 I N P U T " C 5 ( U F ) « " I C 5 

1 0 0 0 R l « R 1 « 1 £ 3 : R 3 « R 3 « I E 3 ; R 4 « R 4 « I E 3 

1 0 1 0 C 2 = C 2 « I E - 6 : C 5 » C 5 • I E - 4 

1 0 2 0 H 0 = R 4 / R l 

1 0 3 0 m = S O f t < 1 / ( R 3 « R 4 » C 2 • C 5 ) ) 

1 0 4 0 A L = I S O R I C S / C 2 I I » 1 S S R ( R 3 / R 4 + S Q R ( R 4 / R 3 I • ( 1 / R l ) i 

S Q R ( R 3 » R 4 1 ) 

1 0 5 0 P R I N T H G A I N = " ; H 0 

1 0 6 0 P R I N T ' C O R N E R F R E Q = ' ( N 0 / ( 2 » P I ) 

1 0 7 0 P R I N T " A L P H A * " i A L 

1 0 8 0 P R I N T " A N O T H E R A N A L Y S I S ? t * O R N l " 

1 0 9 0 G E T Y t 

1 1 0 0 I F Y l « T T H E N 9 3 0 

1 1 1 0 G O T O 1 0 

f i g . 6 . ( c o n t i n u e d ) . 

the plotting program 
The program proceeds in the following sequence: 

• Information is requested by the program, and Q, 
gain, and center frequency are entered for up to four 
filter sections. The desired frequency range and place-
ment of the "y" axis are also entered. 

• The response is calculated over the frequency range 
in TO-Hz increments and stored in an array. 

• The largest response is determined. 

• Each element of the array is normalized and con-
verted to dB with respect to the largest array element. 
8 The results are plotted on the high-resolution 
graphics screen. The "y" axis is marked in 1 dB steps, 
and 1 pixel is 1 / 4 dB. Therefore, the resolution is 1 / 4 
dB. The "x" axis is marked in 10 Hz steps. Each pixel 
represents 2 Hz; hence the resolution is 2 Hz per pixel. 

• The "y" axis is always in the middle of the screen, 
and there is always a span of 280 Hz on either side 

of the "y" axis. The program prints out the frequency 
corresponding to the "y" axis, which calibrates the 
graph. 

• In the automatic mode, the graph is plotted so that 
the maximum response is always on the top of the "y" 
axis. This ensures that the most significant points will 
appear. In the manual mode, the "y" axis frequency 
is specified by the user. This allows examination of 
points outside the 560 Hz span, or placement of the 
"y" axis at the center of the response curve, even if 
it's not the peak. 

A listing of the plotting program is provided in fig. 5, 
and the design/analysis program is listed in fig. 6. An 
Apple II + disc (5-1/4 inch, DOS 3.3) with the program 
and design notes may be ordered from Electronics Un-
limited, 42A Sandy Hollow Road, Port Washington, 
New York 11050. The price is $25 (postpaid), 

reference 
1 . J . G . G r a e m e , G . E . T o b e y , a n d L . P . H u e l s m a n , P h D . , Operational Ampli-

fiers — Design and Application, M c G r a w H i l l , 1 9 7 1 . 

ham radio 

r . l D PACKET RADIO 
V I L D CONTROLLER 
Now you can get in on the fun in packet radio! 

MODEL PK1 
* Ready lo operate - wired and tested. 
' Operates with Voice Transceivers 
' Easy to Isarn, easy to operate. 
' Built In Packet Modem and CW Identification. 
' Use with a computer, terminal or Teletype 

Machine. 
* Terminal: ASCII or BAUDOT; 45 to 9600 Baud. 
' Radio Link Speeds of 300. 600 or 1200 Saud. 
' Automatically selects AX.25 or VADC-1. 
* Remote Repeater Command Lockout. 
* Full 8-dlQipeater operation in AX.2S. 
* Over 90 Commands. 
* Stores received messages for delayed reading. 
* Able to display other calls whilo connected. 
* "Block" and "Transparent" modes tor data llles. 
* Operates as an unattended dlgipeater. 
* "Beacon" mode. 
* Signals available for Teletype Motor Control. 
* Standard memory Is 4K, expandable lo 14K. 
' 48K RAM available on spoclai order. 
* Can be customized for LAN'*. 
* Squelch input tor sharing of voice channels. 
* Call sign, SSI0 & VADC * programmed In ROM. 

Dimensions: 2.3 X 11 X S (inches). 
Power Requirement: 12 volts DC at 200 ma. 

SPECIAL PACKAGE DEAL!!! 
Amateurs Only 

I n c l u d e s P K 1 i n s t a l l e d I n 
c a b i n e t w l c a b l e s e t & p w r . s u p p l y 

$229»5 
(if p u r c h a s e d separately $241.85) 

PK1 • FCC CERTIFIED • wired and tested in cabinet $209.95 
PK1S • Subassembly board - wired and tested $164.95 

PKD0C • Documentation only • Refundable on first PK1 
purchase $ 9.95 

P l e a s e s p e c i f y C a l l S i g n , S S I D N u m b e r , a n d N o d e N u m b e r w h e n o r d e r i n g 

Contact 018 tor additional Into and available options. 

We otter a complete line ol transmitters and receivers strips, preselector 

preamps, CWID'ers S synthesizers for amateur I commercial use. 

Request our FREE catalog. U C t Visa welcome. 1 1 

GLB ELECTRONICS J NC. 
151 Commerce Pkwy., Buffalo, NY 14224 

716-675-6740 9 to 4 
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the fox box 
a direction-finding tool 

Add this 
compact unit to your 

2-meter rig 
and catch that fox 

— quickly 

This is a c ircuit intended for 2-meter fox hunting. 
This inexpensive and easy-to-build device, nicknamed 
the "Fox Box," is a remote signal-strength meter and 
wide-range variable front-end attenuator that, when 
needed, quickly attaches to your 2-meter FM trans-
ceiver. Because this article is written for beginners as 
well as experienced hunters, I've also included a photo 
and construction details for a simple, low-cost, two-
element 2-meter quad. I claim no originality for these 
circuits, except perhaps for some refinements that I 
have made after doing numerous modifications to 
friends' radios. Similar schemes have been circulatng 
among fox hunting groups for some time. 

Let's consider the two basic parameters a fox hunter 
works with: directivity and signal strength. Directivity 
is provided by either a manually-orientated antenna 
array, or via the use of an automatic doppler-shift 
system.1,2 In either case the radio's internal S-meter 
is used to indicate signal strength. Unfortunately the 
limited dynamic range, and compressed nonlinearity 
on strong signals, of most FM radio metering circuits 
requires the use of an external attenuator to limit the 
signal levels reaching the receiver. The Fox Box allows 
precise control of the receiver gain to assist with the 
antenna orientation. 

After using the Fox Box for a short time the fox 
hunter develops a feel for distance based on exper-
ience with the meter readings and the amount of atten-
uation required. Fox hunts are won or lost in the last 
mile; hunters without good attenuators are often mis-
led into looking for the fox far from the actual hiding 
place. They're still half a mile out and have full-scale 
readings regardless of where they point their antennas. 

1-F 
AMPLIFIER Mi" r 

R3 
-VW- JI (Fie. 2) 

'(SEE TEXT) 

• METER CIRCUIT 

® 

Except as indicated, decimal 
values of capacitance are in micro-
farads (uFk others are in picofar-
ads (pFt; resistances are in ohms, 
k - 1,000 M = 1,000,000 

•CLEGQ METER 

R3 
—WV— •JI (SEE TEXT) 

® 
fig. 1. Representative 2 meter FM transceiver (meter) 
detector circuits: M l commonly used by ICOM, Ken-
wood, Yaesu. KDK, and Azden. R3 is determined empiri-
cally; refer to table 1 and text. (B1 Clegg FM-DX uses the 
CA3089 FM system IC. 68 kilohms is about optimum for 
the Radio Shack 50 pA meter. 

By Peter Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 

October 1985 SB 25 



a better way 
Many hunters rely on external attenuators using 

resistive elements to reduce strong signals. But most 
external attenuators are at best cumbersome, and the 
minuscule S-meters adorning FM transceiver front 
panels are at best useless. LEO bargraph displays fare 
no better, their resolution is coarse, and often the 
display will not show signals that are plainly audible. 
External attenuators suffer from other problems. Stray 
RF pickup (through the power leads and through leaks 
in the radio enclosure) limit the amount of external 
attenuation that may be used. Hunters, in the heat of 
competition, have forgotten about their inline attenu-
ators and attempted transmissions, only to be re-
warded with a wisp of smoke and charred resistors. 
The Fox Box eliminates these problems. 

will it work on my radio? 

The external metering and attenuator control box 
built for a Clegg FM-DX transceiver is shown in photo 
1. I've also provided details for several popular trans-
ceivers (see fig. 1, table 1). This selection is not arbi-
trary — these radios best exemplify all of the varia-
tions encountered while modifying several other dif-
ferent transceivers. 

table 1. Resistors (as specified in owner's manuals or 
in service manual schematic diagrams) that must be 
rerouted for the external attenuator modification. 

transceiver resistors 
Azden PCS2000 R4, R5, R10 
Clegg FM-DX RX-8 feed 
Clegg FM-28 RX-8 feed 
ICOM IC-22S R7, R13 
KDK FM2025 R4, R13, R17* 
Kenwood TR7950 R7, R15, R21 
Kenwood TR7850 R5, R13 
Kenwood TR7600/25 R41, R34, R35 

•Denotes resistors involved in third stage. 

The Fox Box will work on any 2-meter transceiver 
using MOSFET devices in the front-end circuits. It 
should work as well on JFET circuits, too, although 
this has not been tried. Some transceivers made in the 
1960s and early 1970s used bipolar technology in the 
first RF stages; a different approach will have to be 
used in these vintage radios. Several likely methods 
of controlling bipolar front-end stages are noted in this 
section. 

the internal attenuator 
The internal attenuator circuit is a very useful 

modification. The Fox Box provides only a DC con-
trol level for setting the attenuation, and all RF remains 
contained within the radio (see figs. 2,3,4). Most FM 
transceivers use two dual-gate MOSFET devices 

Except as indicated, decimal 
rallies ot capic/faocn are In micro-
farads «,iFf; others c e In plcoter 
ads (pFk resistances en In ohms. 
A * 1,000 M = t,000,000 

RECEIVER FRONT-
END (FIG. 31 
<SEE TEXT1 

RECEIVER t'F 
DETECTOR (FIG. I) 
I SEE TEXT) 

FM TRANSCEIVER 

fig. 2. Fox-Box circuit includes remote box with auxiliary 
meter and attenuator (see photo 1) and FM transceiver 
interface. Diodes and a 1000-ohm current limiting resistor 
protect the meter from accidental damage. Trimpot R1 
(5 kilohmsl is optional, (see text). In the modified radio, 
resistor R3 sets the full-scale reading for meter M1. The 
active circuit components for the attenuator are 
mounted in the radio. 

in the front end — the first as the RF amplifier and 
followed by another in the first-mixer stage. Some 
radios have a third MOSFET, employed as a post-
mixer amplifier, after the first crystal filter. When 
present, this stage may also be placed under attenu-
ator control (more on these radios later). Figure 3 is 
a generic receiver front-end circuit, representative Of 
the almost universal approach followed by VHF FM 
transceiver manufacturers. 

A regulated voltage source, normally between 8 and 
9 volts, powers these stages. By changing this voltage 
the receiver's gain is controllable over a very wide 
range. While this is a brute-force approach, it is also 
very effective. The attenuator modification consists 
of installing a MPS-A14 Darlington transistor in series 
with the supply voltage to these stages. Forward bias, 
supplied through a base-to-collector fixed resistor, 
keeps the transistor in full-conduction, thus permitting 
normal receiver operation with the Fox Box discon-
nected. When the Fox Box is in use its internal 
potentiometer, in conjunction with the fixed-value re-
sistor, forms a variable voltage divider, the MOSFET's 
supply voltage can then be set from about 7 volts 
down to zero volts for full attenuation (fig. 2). 
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RECEIVER a-9 VOLT 
REGULATED SOURCF 

fig. 3. Typical 2-meter receiver front end includes internal attenuator installation details. 

A few comments on attenuation systems for bipolar 
stages: one possibility involves shunting the base-bias 
resistors. The RF amplifier will probably be biased for 
class A operation, and the bias will most likely be 
developed across a resistive voltage divider. An ex-
ternal potentiometer may then be used to lower the 
forward bias, thus reducing the stagegain dramatically. 
A good rule of thumb is to use a resistance three to 
four times the value of the base-to-ground resistor. 
For example, if a 5.6 kilohm resistor is used, a 20 
kilohm potentiometer will work well for the attenuator 
control. Normally the base-biasing resistors will be cold 
— that is, no RF will be on them. If they're in the RF 
path, suitable RFdecoupling chokes and bypass capac-
itors will be needed. Figure 4 shows suggested attenu-
ator installations for bipolar RF stages. 

the remote signal-strength meter 
The Fox Box also contains the external S-meter 

(photo 1), an inexpensive, 2-1 /2 inch (6.33 cm) move-
ment, large enough so that small signal-strength varia-
tions are readily observed. With a sufficiently long 
cable attached, the Fox Box attenuator and meter per-
mit quick antenna orientation while away from the 
mobile-radio installation. (My relative signal-strength 
metering circuit is shown in fig. 2.) Most FM 
transceiver signal-strength display circuits use two 
diodes in a voltage-doubler configuration to sample 
the RF levels at the IF stage output (fig. 1A). The 
Clegg FM-DX transceiver is an exception: it uses an 
RCA CA3089 chip for the IF amplifier, FM detector, 
and meter driver. Pin 13 of the CA3089 produces an 
increasing voltage proportional to the input signal. The 
Radio Shack meter is a 50-^A movement — a series 

current-limiting resistor (R3) is used between the meter 
and IF detector. About 68 kilohm is needed for the FM-
DX (figs. 1B, and 2). In all cases the resistor is fine 
tuned to produce a full-scale reading with a full satura-
tion input signal. Sometimes the no-signal meter 
reading will idle above the zero mark; this is normal 
for some radios and results from detected noise pro-
duced by some high gain IF systems. Full-scale exter-
nal meter deflection can be best set via the initial use 
of a 200-kilohm trimpot for R3 in transceivers that use 
a diode detector. Once the correct resistance value is 
determined, a fixed-value resistor may be substituted 
for the potentiometer. When the Fox Box is used the 
rig's internal signal strength readings may be lower 
than normal due to the loading effect of the external 
meter. 

installing the Fox Box 
Modifying radios for the internal attenuator requires 

some dexterity. The Clegg FM-DX is the easiest be-
cause its RF amplifier and mixer are on one circuit 
board; one lead (the one with blue insulation) brings 
the power into these circuits. Since the forward-bias 
for gate 2 of the MOSFETs must be controlled as well 
as the drain voltage, it's important to be sure that all 
of the resistors carrying power to these stages are lifted 
from the V c c runs and rerouted to the MPS-A14 
emitter. Only the resistor lead connected to the V c c 

supply run is lifted. With the resistor standing vertical-
ly, a length of hookup wire is tack-soldered to the free 
lead. A length of heatshrink tubing over the resistor 
and hookup wire junction keeps things neat. The 
MPS-A14 can be mounted on a three-terminal solder-
lug phenolic strip — install the strip where space 
permits. 
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fig. 4. RF gain control scheme for tranceivers using 
bipolar transistor front ends. Unlike the MOSFET attenu-
ator, no supply voltage variation is used; instead the base 
biasing voltage is shunted through an external potentio-
meter. The value for the potentiometer is typically four 
to five times higher than the base-to-ground biasing 
resistor (R1). 

Sometimes only one resistor per stage need be re-
routed — look for a single low-value resistor that pro-
vides voltage to a stage, such as in the KDK FM-2025, 
where resistor R4 (47 ohms) supplies power to RF 
amplifier Q1. Again, in the FM-2025, for mixer-stage 
02 only resistor R13 (220 ohms) is rerouted. Gate 2 
bias is developed from a voltage divider (comprised 
of R4 and R15) located on the FET's source side of 
R13. Table 1 references owner-manual schematics 
supplied with the Azden PCS-2000, Kenwood 7950, 
7850, and 7625, KDK FM-2025, and Clegg FM-DX and 
lists the resistors required for each of these models. 
(If your radio is not one of those listed, studying fig. 
3 will help in determining the resistors involved in your 
transceiver. If you send me (at my home address! a 
good copy of your schematic, I'll circle the appropriate 
resistors — an S A S E must accompany your request.) 

inside the fox box: 
variations and adjustments 

The schematic for the internal attenuator is shown 
in fig. 2. Part of the circuit involves two resistors: R2, 
the Fox-Box front panel control used for setting the 
desired attenuation level, and trimpot R1, which is 
used only in radios with three stages under attenuation 
control. The maximum attenuation will be more than 
required, R1 sets the maximum attenuation level. 
When operating three stages near maximum attenua-
tion, the squelch may open. For some radios this is 
normal, because these stages may contribute a large 

portion of the total receiver gain and reducing their 
gain will affect noise operated squelches. There was 
one minor shortcoming with this attenuator. When ap-
proaching maximum attenuation, some users men-
tioned that the control became very nonlinear and 
touchy to adjust. In retrospect, I had been using linear 
potentiometers and found that audio-taper potentio-
meters proved the better choice. The potentiometers 
must be wired so that maximum attenuation occurs 
at the CCW position. 

interconnecting the transceiver 
and the Fox Box 

The Fox Box is connected to the radio via a three-
conductor cable using a miniature 1/8-inch (3.5 mm) 
three-conductor "stereo" plug. One lead is the com-
mon-ground return for the attenuator and meter, and 
the remaining leads carry the meter and attenuator sig-
nals. Use enough cable to allow you to leave the car. 
Fox Box in hand, so you can move about while 
orienting the directional antenna. This is the real 
beauty of this device — it allows you to do some DFing 
outside the car. With the Fox Box disconnected, the 
radio reverts to normal premodification operation. 
Never connect or disconnect the adapter while the 
radio is on. 

Some hams may have reservations about drilling the 
mounting hole for the 1 /8-inch stereo jack. If the ex-
ternal speaker jack isn't used, and no future use is con-
templated, the jack may be removed, or taped and left 
in the radio. Some radios, such as the Clegg FM-DX, 
have 9-pin accessory jacks, and spare pins are often 
available. Some deterioration of receiver dynamic-
range may occur when using the attenuator. This has 
not been observed in actual use — but with the re-
duced mixer-stage voltage levels it is a possibility. 

All necessary components can be obtained at elec-
tronic supply stores for under $20. Installation typically 
takes only three or four hours.* 

using the Fox Box 
The internal attenuator, at full attenuation, will give 

about a half-scale reading from a 25-watt mobile 10 
feet (3.04 meters) away. In many hunts the fox has 
been hidden in a high-reflection area, effectively 
eliminating the doppler and Yagi competition. When 
this has happened I've been able to get in using just 
the attenuator and S-meter provided in the Fox Box 
— as the fox is talking, the meter indicates whether 
you're within a few thousand feet of its location, and 
whether approaching or leaving its location. 

*If you're interested in this adapter, but fee! ill-at-ease about tearing into your 
radio, I'm willing to do the work in my service shop at the going rate. Write, 
enclosing an S A S E , and we'll work out the details. 

28 M October 1985 



DETAIL " 8 " - - STUB USEO FOB BOTH ELEMENTS 

fig. 5. Light and durable quad for hidden transmitter hunting. A variety of materials may be used for the boom and masting 
— wooden doweling or PVC pipe are a few good choices. The elements are made from either aluminum ground or copper 
wire. Note the 75-ohm decoupling section wrapped on the driver boom. (Figure courtesy WA3TNO.) 

K3TS two-element 2-meter quad antenna 
As promised, here are the details for a simple DFing 

antenna. This design is the work of Tom Stewart, 
K3TS. A detailed mechanical drawing of the antenna 
is shown in fig. 5. Tom reported that the antenna did 
quite well while hilltopping and in mobile operation. 
Tom also designed the mobile antenna mount pictured 
in fig. 6. This mount allows the driver to steer the 
antenna while the car is moving. The lower (bottom) 
mount is inserted between the window glass and rub-

ber sealer, while the upper mount is screwed (using 
short screws!) or otherwise affixed to the window 
frame. For installation in frameless windows, or "no-
holes" mounting, the upper bracket is fastened to the 
end of a single rooftop carrier positioned directly above 
the door-mounted unit. 

Portable antennas can take a beating during fox 
hunts. K3TS uses aluminum wire for his quad ele-
ments. This allows the antenna to "give," without 
damage, so that when a low branch or other obstruc-
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tion bends the elements they may be easily reshaped. 
(Softdrawn copper antenna wire might prove better 
— it can be soldered, thereby avoiding the problems 
of making good electrical connections to aluminum 
wire.) The closed loop design results in little antenna 
interaction from the presence of the car's body. Using 
K3TS's design, one need only loosen the thumbscrews 
and rotate the antenna elements 90 degrees for hori-
zontal polarization (feedpoint top or bottom). 

Do not omit the all important 75-ohm decoupling 
section. This decoupler was first suggested by E.M. 
Brown, in CQ back in 1952. The front-to-back ratio 
will suffer if not used. Plastic insulated zipcord or 
speakerwire can be used in lieu of the 75-ohm twin-
lead. The 75-ohm twinlead is tightly wound, without 
overlaps, along the length of the element support 
dowel. The coax-to-twinlead junction is as close to the 
boom-to-element T-block as possible. 

tuning the antenna 
Begin the alignment by removing the reflector 

assembly from the boom. Tune the quad by adjusting 
the balun position on the feedpoint hairpin, while alter-
nately adjusting the hairpin shorting-stub, for minimum 
SWR. (Don't expect a "perfect match" with this 
antenna; an SWR of 1.5:1 is acceptable.) The initial 
settings given in f ig. 5 are a good starting point. (Use 
miniature fleaclips on the balun and shorting-bar to 
aid in the initial positioning.) When the driven element 
is properly adjusted, the reflector is installed. The 
shorting stub on the reflector hairpin is then set for 

the best front-to-back ratio (or null). The antenna pro-
duces 6 dB forward gain with upwards of 25 dB of 
front-to-back ratio. 

performance 

The Fox Box is shown in photo 1. The antenna was 
built by Bob, KA1IQD — a closeup of it is shown in 
photo 2. 

Photo 1. The K1ZJH Fox Box external metering and attenuator 
control box. 

Photo 2. Closeup view of the K3TS quad as built by Bob, 
KA1IQD. Bob used PVC tubing and stainless steel wire for 
constructing his quad. Numerous copies of the original design 
have been successfully completed by area hams using various 
materials and construction techniques. 
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9 MHz CRYSTAL FILTERS 

MODEL 
Appli-
cat ion 

Band-
w i d t h Poles Prlca 

XF-9A SSB 2.4 kHz 5 $53.15 
XF-9B SSB 2.4 kHz 8 72.05 
XF-9B-01 LSB 2.4 kHz 8 95.90 
XF-9B-02 USB 2.4 kHz 8 95.90 
XF-9B-10 SSB 2.4 kHz 10 125.65 
XF-9C AM 3.75 kHz 8 77.40 
XF-9D AM 5.0 kHz e 77.40 
XF-9E FM 12.0 kHz 8 77.40 
XF-9M CW 500 Hz 4 54.10 
XF-9NB CW 500 Hz 8 95.90 
XF-9P CW 250 Hz 8 131.20 
XF910 IF noise 15 kHz 2 17.15 

10.7 MHz CRYSTAL FILTERS 
$67.30 

67.30 
67.30 
67.30 
67.30 
30.15 

XF107-A NBFM 12 kHz 8 
XF107-B NBFM 15 kH2 8 
XF107-C W B F M 30 kHz 8 
XF107-D W B F M 36 kHz 8 
XF107-E Pix/Data 40 kHz 8 
XM107-S04 FM 14 kHz 4 
Export Inquir ies Invited. Shipping $3 75 

MICROWAVE MODULES V H F & UHF EQUIPMENTS 
Use your ex is t ing HF or 2M rig on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk 1691 -137 $249 95 
1296 MHz GaAsFET MMk1296- I44G 149 95 
432/435 MMc432-28(S| 74.95 
439-ATV MMc439-Ch x 89.95 
220 MHz MMC220-28 74.95 
144 MHz MMC144-28 59.95 
Opt ions: Low N F ( 2 . 0 d B m a x . , 1.25 dB max.), other bands & IF's i available 

LINEAR TRANSVERTERS 
1296 MHz 1 8 W output. 2M in MMI1296-144 G $299.95 
432/435 1 0 W o u t p u t . 10M In MMI432-28(S) 269.95 
144 MHz 1 0 W o u t p u t . 10M In MMII44-2B 179.95 
Other bands & IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W outpul UP1296-20-L 439 95 
432/435 100 W outpul MML432-100 369.95 

50 W output MML432-50 199.95 
30 W outpul MML432-30-LS 209 95 

144 MHz 200 W outpul MML144-200-S 374.95 
100 W outpul MML144-100-LS 239.95 
50 W outpul MML144-50-S 149 95 
30 W output MML144-30-LS 109 95 

All mode ls include VOX T/R swi tch ing. 
" L " models 1 or 3W drive, o lhers 10W drive 
Shipping: FOB Concord, Mass. 

ANTENNAS 
420-450 MHz MULTIBEAMS 
28 Elemenl 70/MBM28 12 dBd 
48 Elemenl 70/MBM48 15 7 dBd 
88 Elemenl 70/MBM88 18 5 dBd 
144-148 MHz J-SLOTS 
10 *• 10 Twist 10XY/2M 11 3 dBd 

UHF LOOP YAGIS 
1250-1350 MHz 29 loops 1296 - lY20dB l 
1650-1750 MHz 29 loops 1691-LY 2 0 d B i 
Order Loop-Yagi connector extra: 

•J39-9S- $39 95 
-ZSJ5. 59 95 

-tf l frSe— 89 95 

$49.95 
59.98 

Type N $14,95. SMA $5.95 

Send 44C (2 stamps) lot lull details ol all your VHF s UHF 
equipment and KVG crystal product requirements 

(617)263-2145 
SPECTRUM 

TERNATIONAL, INC. 
Post Office Box 1084 

ord, MA 01742, U.S.A. 

Although this is a good beginner's antenna, many 
experienced hunters swear by it. Don't be misled by 
its small size and simplicity. (Bob, KA1IQD, and I 
recently used his Fox Box and quad to locate a spuri-
ous signal jamming a local repeater input frequency 
on 147.600 MHz. The source of the signal turned out 
to be a mast-mounted TV antenna booster located 
several miles from the repeater site.) I was very im-
pressed with the antenna and found it easy to use. 

g e t t i n g s tar ted 

A few tips for the prospective fox hunters reading 
this: first, as with anything new, a little hands-on ex-
perience will help you to become a proficient DF'er. 
Make several practice runs using the attenuator before 
going on a hunt — this will give you a "feel" for its 
operation. To start, have a friend hide nearby while 
you and a partner use your DF'ing gear to locate him. 
Because the driver's only concern must be the safe, 
legal, and proper operation of the motor vehicle, a 
team of two people works out best; let your partner 
read the maps and interpret headings while underway. 

re fe rences 
1. Terrance Rogers, WA4BVY. "A DoppleScant," QST. May. 1978, page 24. 
2. David Cunningham, W7BEP, "DF Breakthrough!" 73, June, 1981, page 32. 

h a m rad io 

DOCKING BOOSTER 
Converts Your HT to a Powerful 

Mobile Unit 
30 o r 50 w a t t s o u t p u t 

16 D B GaAs F E T pre-arnp 
Fits o n m o s t car doors 

Mic h a n g - u p clip 
l c o m , Y a e s u , K e n w o o d 

2 Meters & 70 cm 

CMC COMMUNICATIONS, INC. 
5479 Jetport industrial Blvd. 'Tampa, FL 33614 

Phone: 813-885-3996 
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building and using 
phone patches 

From simple to elegant, 
patches help 

make the connection 

In telephone company parlance, a patch is any 
connection between a phone line and another com-
munications device, whether it be a radio, a tape re-
corder, a data device (such as a modem), or even an-
other phone line. 

Radio Amateurs, on the other hand, tend to limit 
the meaning of "patch" to the connection of transmit-
ters or receivers to the phone line for phone conversa-
tions. But there's more to it — Amateurs can and do 
use phone patches for purposes other than telephone 
conversations. One particularly effective application 
is for checking TVI and RFI complaints; simply set the 
transmitter on VOX, go to the site of the interference 
complaint, and then key your transmitter via the phone 
line. Doing this will indicate whether your transmitter 
is or is not the source of the problem. If it is, you can 
use this method to test the measures you've taken to 
correct the problem. 

A phone line is, simply speaking, a 600-ohm bal-
anced feed device — which also happens to be how 
professional audio can be described. Most modern 
Amateur transmitters have 600-ohm unbalanced in-
puts; most cassette recorders have a 600-ohm un-
balanced input; the "tape" outputs on home stereos 
are also 600-ohm unbalanced. All this makes patching 
relatively simple. While there are various degrees of 
sophistication and complexity in patching, in an 
emergency, patches can be easily put together using 
readily available components. Before starting to build 
a patch, however, it might be helpful to read last 
month's article on understanding phone lines.' 

the simple patch 
The simplest way to patch a phone line to another 

piece of equipment is to use a couple of capacitors 
to block the phone line DC. While this simple approach 
will work in a pinch, it will tend to introduce hum to 
the line because of the unbalance introduced. The 
capacitors used should be nonpolar, at least 2/iF, and 
rated at 250 volts or better (see fig. 1). 

To hold the line, the patch should provide a DC load 
by means of a resistor (R6) or by simply leaving a 
phone off the hook. The receiver output may need a 
DC load (R7) to prevent the output stage from "motor-
boating." Use two capacitors to maintain the balance. 

With all patches hum can be lessened by reversing 
the phone wires. A well-made patch will have no dis-
cernible hum. 

the basic phone patch 
Because a phone line is balanced and carries DC as 

well as an AC signal, a patch should include a DC 
block, a balun, and a DC load to hold the line. The 
best component for doing this is a 600-ohm 1:1 trans-
former such as those used in professional audio and 
for coupling modem signals to the phone line, available 
from most electronics supply houses. Old telephone 
answering machines are also a good source of 600-
ohm transformers. Some transformers are rated at 
600:900 ohms or 900:900 ohms; these are also accept-
able. Make sure that the transformer has a large 
enough core, because DC current will be flowing 
through it. (Some small-core transformers become 
saturated and distort the signal.) 

By Julian Macassey, N6ARE, 475 North Daisy 
Avenue, Pasadena, California 91107 
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In section 68,304 of the FCC Part 68 regulations, 
it states that a coupling transformer should withstand 
a 60 Hz 1kV signal for one minute with less than 10 
mA leakage. For casual use this may seem unimpor-
tant, but it provides good protection against any 
destructive high voltage that may come down the 
phone line, and into the Amateur's equipment. A 130 
to 250 volt Metal Oxide Varistor (MOV) across the 
phone line will provide further protection if needed. 

. V -)l Q-

fig. 1. Simple phone patch. 

SHIELOED 

CABLE 

XING ' fIB 

-Q-

Q 
TRANSMITTER 

fig. 2. Basic phone patch. 

The DC resistance of the transformer winding may 
be so low that it hogs most of the phone line current. 
Therefore, while using a phone in parallel for monitor-
ing and dialing — which is recommended — the audio 
level on the incoming line may be too low. Resistors 
R1A and R1B (see fig. 2) will act as current limiters 
and allow the DC to flow through the phone where 
it's needed. If possible, these resistors should be car-
bon composition types. 

To keep the line balanced, use two resistors of the 
same value and adjust the values by listening to the 
dial tone on a telephone handset. There should be lit-
tle or no drop in volume when the patch transformer 
is switched across the phone line. 

One of these transformers, or even two capacitors, 
can be used to patch two phone lines together, should 
there be a need to allow two distant parties to con-
verse. There will be losses through the transformer so 
the audio level will degrade, but with two good con-
nections this will not be a problem. 

On the other side of the transformer — which could 
be called the secondary winding — choose one pin 
as the ground and attach the shields of the micro-
phone and headphone cables to it. Attach the inner 
conductors to the other pin. The receiver output will 
work well into the 600-ohm winding, and if transmit-
ting simplex or just putting receiver audio on the line 
there will be no crosstalk or feedback problems. In 
some cases, the audio amplifier in a receiver does not 
have enough output to feed the phone line at an ade-
quate level; this can be handled by using the trans-
former with two secondaries (see the "improved" 
patch below) or by coupling a 8:1-kilohm transformer 
between the audio output and 600-ohm transformer. 
If RF is getting into the transmitter input, a capacitor 
(C1) across the secondary should help. A good value 
for the lower bands and AM broadcast interference is 
0.1 iiF. For higher frequencies, 0.01 /tF usually gets 
rid of the problem. Unshielded transformers are sensi-
tive to hum fields and building any patch into a steel 
box will help alleviate hum as well as RFI. 

fig. 3. Improved phone patch. 
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fig. 4. Typical network (United States). Note: circled letters are marked on network interconnection block terminals. 

the improved phone patch 
Several enhancements can be made to the basic 

phone patch to improve operation. The first is the addi-
tion of a double-pole double-throw switch to reverse 
the polarity of the phone line to reduce hum. This may 
not be necessary with a patch at the same location 
with the same equipment, but if it is, experiment with 
the polarity of the transformer connections and adjust 
for the least hum. Most of the time the balance will 
be so good that switching line polarity makes no dif-
ference. The switch should have a center "off" posi-
tion or use a separate double-pole single-throw switch 
to disconnect from the line. The two secondaries on 
the "improved" patch (fig. 3) should be checked for 
balance by connecting the receiver and transmitter and 
checking for hum while transmitting and receiving. 
Switch the shield and inner conductors of the secon-
daries for minimum hum. 

Many transmitters do not offer easy access to the 
microphone gain control. There may also be too much 
level from the patch to make adjustment of the trans-
mit level easy. Placing R10 across the transformer 
allows easy adjustment of the level. It can be set so 
that when switching from the station microphone to 
the patch the transmitter microphone gain control 
does not need to be adjusted. This will also work on 
the basic 600-ohm 1:1 transformer. Most of the time 
a 1 kilohm potentiometer — logarithmic if possible — 
will work well. If not, a linear potentiometer will do. 
A 2.5-kilohm potentiometer may provide better 
control. 

deluxe operation and VOX 
Using VOX with a phone patch may cause a prob-

lem with receive audio going down the line and into 
the transmit input, triggering the VOX. There may not 
be enough Anti-VOX adjustment to compensate for 
this. The usual solution for this problem is to use a 
hybrid transformer, a special telephone transformer 
with a phasing network to null out the transmit audio 
and keep it off the receive line. Most telephones 
employ a similar transformer and circuit so that callers 
will not deafen themselves with their own voices. 
These devices are called "networks" (see figs. 4 
and 5). 

A network can be removed from an old phone and 
modified into a deluxe patch, or the phone can be left 
intact and connections made to the line and handset 
cords. The line cord should be coupled to a 600-ohm 
1:1 transformer to keep the ground off the line. Note, 
in the network schematics, that the receiver and trans-
mitter have a common connection; when coupling into 
radios or other unbalanced devices, make this the 
ground connection. 

There may be confusion about terms used in the 
network. The telephone receiver is receiving the phone 
line audio, and the transmitter is transmitting the 
caller's voice. For phone patch use, a telephone 
receive line is coupled to the transmitter and the 
transmit line is coupled to the radio receiver. This is 
a fast way to put together a phone patch and may be 
adequate for VOX use. 

A better patch can be built by using a network 
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fig. 5. Typical European network. 

removed from a phone or purchased from a local tele-
phone supply house. This approach offers the added 
advantage of being able to adjust or null the sidetone. 
The circled letters in figs. 4 and 6 refer to the mark-
ings on the network terminal block. These letters are 
common to all United States networks made by West-
ern Electric (AT&T), ITT, Automatic Electric, Comdial, 
Stromberg Carlson, and ATC. 

To make the sidetone adjustable, remove R4 (R5 in 
European networks) and replace it with R11 (for Euro-
pean networks use R12). The Western Electric Net-
work comes point-to-point wired and sealed in a can; 
the other networks are mounted on PCBs. To remove 
R4 from the Western Electric network, the can has to 
be opened by bending the holding tabs. Don't be sur-
prised to find that the network has been potted in a 
very sticky, odious paste that has the texture of hot 
chewing gum and the odor of unwashed shirts. [This 
material — alleged to be manufactured according to 
a secret formula — will not wash off with soap and 
water. The phone company has a solvent for it, but 
because one of the secret ingredients is said to be 
beeswax, ordinary beeswax solvents such as gum tur-
pentine, mineral turpentine (paint thinner or white 
spirit) and kerosene will work.] To remove the bulk 
of the potting compound, heat the opened can for 30 
minutes in a 300 degree F (148 degree C) oven, or 
apply heat from a hot hairdryer or heatgun. You can 
also put the can out in the hot sun under a sheet of 
glass. Don't use too much heat because the plastic 
terminal strip may melt. Even with a film of compound 
remaining on it, the network can be worked on. 

using a patch 
For efficient use, a patch should have a telephone 

connected in parallel with it. This enables the operator 
to dial, answer, and monitor calls to and from the 

patch, as well as use the handset for joining in conver-
sations or giving IDs. 

One useful modification to the control telephone is 
adding a mute switch to the handset transmitter. This 
allows monitoring calls without letting room noise in-
trude on the line. It's also a good modification for high 
noise environments, where ambient noise enters 
through the handset transmitter and is heard in the 
receiver, masking the incoming call. Muting the trans-
mitter makes calls surprisingly easy to hear. The mute 
switch can be a momentary switch used as a "Push-
To-Talk" (PTT) or a Single Pole Single Throw (SPST) 
mounted on the body of the phone for long-term moni-
toring. The switch should be wired as Normally 
Closed, so that the transmitter element is muted by 
shorting across it (see fig. 4). This makes the mute 
"clickless." If the monitor phone uses an electret or 
dynamic transmitter it should still be wired as shown 
in fig. 4. 

Transmit and receive levels on the phone line are 
a source of confusion that even telephone companies 
and regulatory agencies tend to be vague about. The 
levels, which can be measured in various ways, vary. 
But all phone companies and regulatory agencies aim 
for the same goals: enough level for intelligability, but 
not enough to cause crosstalk. The most trouble-free 
way to set the outgoing level on the patch is adjust 
the feed onto the phone line until it sounds slightly 
louder than the voice from the distant party on the 
phone line. If the level out from the patch is not high 
enough, the distant party will ask for repeats and tend 
to speak louder to compensate for a "bad line." In this 
case, adjust the level to the patch until the other party 
lowers his or her voice. The best way to get a feel for 
the level needed is to practice monitoring on the hand-
set by feeding a broadcast station down the phone line 
to another Amateur who can give meaningful signal 
reports. It's difficult to send too much level down the 
phone while monitoring because the signal would 
simply be too loud to listen to comfortably. The major 
problem is sending too little signal down the line. 

Coupling the phone line into the radio transmitter 
is not much more difficult than adjusting a microphone 
to work with a radio transmitter. Depending on the 
setup, the RF output indication on a wattmeter, the 
ALC on the transmitter or even listening to the trans-
mitted signal on a monitor receiver will help in adjust-
ing the audio into the radio transmitter. Phone lines 
can be noisy, and running too much level into the 
transmitter and relying on the ALC to set the modula-
tion can cause a fair amount of white noise to be trans-
mitted. Watching the RF output while there are no 
voice or control signals on the line will help in adjusting 
for this. VOX operation can alleviate the problem of 
noise being transmitted during speech pauses. 
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f ig . 6. D e l u x e p h o n e p a t c h . ( N o t e : w h i l e ham radio d e s i g n a t e s v a r i s t o r s as CR. t e l e p h o n e c o m p a n i e s c u s t o m a r i l y 
u s e t h e designation VR. — E d . ) 

item description 
C1 0.1 [tF (see text) 
C2 7 5 to 2.0 (depending on manufacturer) 
C3 0.47 nF not used In all networks 
C4 0.1 
CS 2.0 fiF 250 volt mylar film (see text) 
MOV 130 to 290 toll MOV (see text) 
K M , 8 100 to 270 ohms (see text) 
R2 180 to 220 ohms (depending on manufacturer) 
R3 22 ohms 
R4 47 to 110 ohms (depending on manufacturer) 
RS 1 kllohm 
R6 1 kllohm (see text) 
R7 10 ohm (see text) 
RIO 1 kllohm potentiometer (see text) 
R11 200 ohm potentiometer (see text) 
R12 2 kllohm potentiometer (see text) 
SI DPST or hookawltch 
S2 DPDT, center oft (see text) 
S3 NC momentary switch (see text) 
T1 SO0 ohm 1:1 transformer 
T2 600 ohm primary. 600 ohm and 8 ohm secondary (see text) 
T3 network transformer 
VR1.VR2 silicon carbide veristor or beck-to-back zener 
VR60 

f ig . 6 . Par ts l ist . 

A hybrid patch used for VOX operation needs to be 
adjusted carefully for good performance. If it has a null 
adjustment, this should be set before adjusting the 
VOX controls. Using a separate receiver/transmitter 
setup is the easiest way to adjust the patch. The phone 
line should be attached to a silent termination: the 
easiest way to do this is to dial part of a number; an-
other way to do it is call a cooperative friend. Tune 
the shack receiver to a "talk" broadcast station or use 
the BFO as a heterodyne. With the transmitter keyed 

into a dummy load, set the null adjustment potentio-
meter R11 (R12for European phones) for a minimum 
RF output on the transmitter. Using a transceiver, 
place an oscilloscope or audio voltmeter across the 
microphone input terminals and, while receiving a 
signal, adjust for the lowest voltage. For proper opera-
tion, it's important that the phone be connected to 
the patch during these adjustments since the hybrid 
relies on all inputs and outputs being terminated, 

reference 
1. Julian Macassey, N6ARE, "Understanding Telephones," ham radio, Sep-
tember, 1985, page 38. 
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passive audio filter design, part 2: 
highpass and bandpass filters 

A highpass filter 
with high attenuation 

at 60 and 120 Hz 
— and some common 

bandpass filter 
design problems 

The simplest highpass filter possible is a single 
capacitor. But if you think that a capacitor is fairly 
useless as a highpass filter, consider the circuit shown 
in fig. 1. A voltage source, V s , of resistance is 
driving a low-pass filter through a capacitor, CH. The 
source and termination impedances of the filter are Rs 
and R j respectively, which we will assume are equal. 

A s the frequency I of the voltage source) increases, 
the reactance of CH decreases. Eventually a point is 
reached where the reactance of CH is so low that it 
is insignificant compared to Rg. The combination of 
CH and the low-pass filter will therefore have a band-
pass response in which CH attenuates low frequen-
cies and the low-pass filter attenuates high frequen-
cies. The low frequency attenuation will, of course, 
be fairly modest but can have a useful effect when 
applied to a filter such as the practical 1-dB/50-dB 
elliptic low-pass described earlier.1 

Figure 2 shpws simulated results of how the 
response of the 1-dB/50-dB filter is modified by vari-
ous preferred values of CH- Also shown for compari-
son is the unmodified response; that is, with CH short-
circuited. With CH = 0.22 pF, considerable attenuation 

LOWPASS FILTER 

fig. 1. Combining a series capacitor and low-pass filter 
provides composite bandpass response. 

of low frequencies is obtained, but CH is still effective 
(i.e., it introduces a reactive term) at almost 2 kHz, 
which considerably narrows the bandwidth of the total 
network. A s C^ increases, the response above 2 kHz 
follows the low-pass response more closely, and the 
low-frequency attenuation is reduced. One useful 
value of CH is 2.2 /if, which produces a significant 
reduction in the passband ripple when compared with 
the unmodified low-pass response. The mismatch in 

fig. 2. 0-3 kHz response of 1-dB/50-dB five-branch elliptic 
low-pass filter with various values of input capacitor, CH 
showing simulation and practical results. 

By Stefan Niewiadomski, 29 Mackinley Ave-
nue, Stapleford, Nottingham, England NG9 8HU 
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the drive impedance to the filter caused by the reac-
tance of CH does not cause a drastic degradation in 
performance. Only the frequency-dependent variable 
effect by CH is evident in the combined response. 

Practical results with C^ equal to 2.2 fiF are also 
plotted in f ig. 2, and they show close agreement with 
the simulated results. Although no great attenuation 
of unwanted low frequencies (such as 60 Hz and 120 
Hz) is obtained, it is recommended that the 1-dB/50-
dB low-pass filter be used in conjunction with a 2.2 
nF input capacitor to reduce the passband ripple. A 
compact Siemens metalized polyester 2.2 (iF capac-
itor" is available and is preferable to a polarized 
capacitor, which would have a greater tolerance. 

I will now describe an improved highpass filter that 
provides high attenuation at 60 Hz and 120 Hz and at 
unwanted lower speech frequencies. Figure 3 shows 
the circuit diagram of the filter, with and without 
resistors to simulate the low-Q inductors. 

This filter is a five-branch Butterworth highpass with 
a theoretical response rolloff of 30 dB per octave. 
Highpass filters are generally designed by transform-
ing a lowpass prototype, and this procedure is de-
scribed in appendix A of this article. 

Table 1 shows the component values of the original 
1-ohm, 1-rad/sec low-pass filter;2 the 1-ohm, 1-rad/ 
sec transformed highpass; the scaled 500-ohm, 500-Hz 
highpass with theoretical values and ideal inductors; 
the 500-ohm, 500-Hz highpass with rounded values 

T ® 

fig. 3. Butterworth five-branch highpass filter. IA\ Sche-
matic of filter with ideal inductors, (fit schematic of filter 
with real inductors. 

•Digi-Key part no. E1225, 2.2 ^F/100V. 
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table 1. Component values of Butterworth five-branch highpass filter. 500 ohm, 500-Hz values are obtained by multiplying 
1 ohm, 1 rad/sec values by 6.366 x 10~7 for capacitors and 0.1592 for inductors. 

low-pass 1 ohm. highpass 1 ohm. 500 ohm, 500 Hz 500 ohm, 500 Hz 500 ohm, 500 Hz 
prototype 1 rad/sec transformed 1 rad/sec theoretical value rounded value rounded value 

component value component value ideal inductors ideal inductors real inductors 
L1 0.618 H CI 1.618 F 1.030 fiF 1 f F 1 MF 
C2 1.618 F L2 0.618 H 98.34 mH 100 mH 100 mH 
L3 2.000 H C3 0.500 F 0.3183 /iF 0.33 /xF 0.33 MF 
C4 1.618 F L4 0.618 H 98.34 mH 100 mH 100 mH 
L5 0.618 H C5 1.618 H 1.030 fiF 1 ^F 1 

R2 _ 0 ohms 0 ohms 82 ohms 
R4 — 0 ohms 0 ohms 82 ohms 

LOWPASS H/GHPASS 

LI L 3 LS CI C3 CS 

T 

FREQUENCY (*HtJ 

fig. 4. 0-1 kHz response of 500-Hz Butterworth highpass filter showing simulation and practical results. {A) theoretical 
values, ideal inductors; and (CI practical results —O— —O— —O—. 
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and ideal inductors; and the 500-ohm, 500-Hz highpass 
with rounded values and real inductors. 

A cutoff frequency (defined as the 3-dB attenua-
tion frequency for Butterworth filters) of 500 Hz means 
that any 120-Hz input component (which is more than 

2 octaves below the cutoff frequency) will be atten-
uated by more than 60 dB. Any 60-Hz input will be 
attenuated (theoretically) by more than 90 dB, as it 
is another octave below 120 Hz. More than half the 
total power of speech lies below 450 Hz,3 so using a 
500 Hz cutoff highpass filter at the audio input to a 
transmitter will result in a considerable saving in 
power. Intelligibility of speech will not be influenced; 
however, for better quality speech, a cutoff frequency 
of perhaps 300 Hz would be more appropriate. If 
desired, the reader can scale the 1-ohm, 1-rad/sec 
highpass values to 500 ohms, 300 Hz, by multiplying 
the capacitors by 1.061 x 10~ 6 and the inductors by 
2.65 x 10~1. Rounding the answers will then give 
practical values for the components. 

The 0 to 1 kHz response of the 500-ohm, 500-Hz 
highpass filter is shown in fig. 4. Curve A is the 
theoretical value, real-inductor response and the 3-dB 
attenuation frequency is 500 Hz, as predicted. The 30 
dB and 60dB attenuation frequencies are 250 Hz and 
125 Hz respectively, giving the classical five-branch 
Butterworth response. 

A curve of the rounded values, ideal-inductor 
response has not been plotted in fig. 4 because 
simulations indicated that it deviated from curve A by 
no more than 0.8 dB at any frequency. 

Curves B and C are the simulated rounded values, 
real-inductor response, and the measured response, 
respectively. These two curves follow each other 
closely. One effect of the low Q inductors is rounding 

Components tor 500-ohm, S00-HI Butlorwonh highpass IIIW: 
CI 1 tiF S/emeM mele/ f ied po/yf l i far 5 percent 
C3 0-33 kF Siemens metetked potyecteI 5 percent 
C5 1 mF Stement metettzed polytaMr 5 percent 
L2 J 00 mH Toko 10HB 
L4 too mH Toko 10RB 

fig. 5. PC board foil pattern and component placement 
for five-branch Butterworth highpass filter. 

© 
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fig. 6. Elliptic bandpass filter transformation procedure. 14) Schematic of 1-dB/50-dB 3-kHz lowpass prototype, schematic 
of 1-dB/50-dB 300-3300 Hz bandpass filter. 
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fig. 7. Experimental five-branch Butterworth highpass filter. 

of the passband edge, the attenuation at 500 Hz being 
6 dB rather than the theoretical 3 dB. The filter also 
still has a loss of approximately 1 dB at 1 kHz. 

Figure 5 shows the PC board foil pattern and com-
ponent layout for this highpass filter, and fig. 7 is a 
photograph of my prototype. 

bandpass filters 
The modern approach to bandpass filter design is 

by transformation of a low-pass prototype, as describ-
ed in appendix B." This method results in a sym-
metrical response and if the prototype low-pass filter 
were elliptic, then the bandpass will also be elliptic, 
having passband ripple and minima of attenuation in 
the lower and upper stopbands. 

I want to demonstrate some drawbacks of this 
technique, using the 1-dB/50-dB lowpass filter 
described earlier as the prototype. The specification 
of the bandpass filter to be designed is: 

passband ripple (API 1dB 
stopband minimum attenuation (A s l 50 dB 
ripple cutoff frequencies 300 Hz, 3300 Hz 
50-dB stopband attenuation bandwidth 4221 Hz 
source impedance 500 ohms 
load impedance 500 ohms 

ter. First, the passband bandwidth of the bandpass 
filter (3 kHz) is the same as that of the low-pass proto-
type. Secondly, the 50-dB stopband attenuation band-
width of the passband filter is the same as that of the 
low-pass prototype (4221 Hz). Thirdly, the passband 
ripple (Ap) and minimum stopband attenuation (Ag) 
are identical to those of the prototype. Normally, for 
speech processing, an upper cutoff frequency of 3 kHz 
would be chosen, but I have not selected a 2700-Hz 
low-pass prototype for transformation because I want 
to illustrate only the problems that can be encountered 
with this approach, not produce a practical design. 

Figure 6 shows the schematics of the low-pass pro-
totype and the final, transformed bandpass filter. 

lf)F 0.33 IfF 

• !OOmH > !OOmH 

500 OHMS 

T 
fig. 8. Schematic of the bandpass filter formed from the 500-ohm, 500-Hz Butterworth and 1-dB/50-dB elliptic lowpass filters. 

1,0 t.5 2 0 2 . 5 3 0 

FREQUENCY !* 

fig. 9. 0-3 kHz response of 500-Hz Butterworth highpass 
filter with 1-dB/50-dB five-branch elliptic low-pass filter, 
showing simulation and practical results. (Low-pass and 
highpass responses also shown.) 

The following points should be noted about this fil-
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fig. 10. 0-10 kHz response of 500-Hz Butterworth highpass filter with 1-dB/S0-dB five-branch elliptic low-pass filter, showing 
simulation. 

fig. 11. Experimental 500-Hz Butterworth highpass filter with 
1-dB/50-dB five-branch elliptic low-pass filter. 

Capacitors C1 through C5 have inductors L101 
through L105 in parallel and inductors L2 and L4 have 
capacitors C102 and C104 connected in series. The 
value of each additional component has been calcu-
lated to resonate with the original component at the 
geometric mean of the lower and upper ripple cutoff 
frequencies. That is, if the lower and upper ripple 
cutoff frequencies are fl and /2, then the geometric 
mean, / 0 is given by: 

/ 0 = x / / 7 . / 2 

f 0.33 

0.1 

. zoomH y loomH ^r; 0.12 

T 
fig. 12. Schematic of the bandpass filter formed from the 500-ohm, 500-Hz Butterworth and 0.18-dB/50.1-dB elliptic low-
pass filters. 

October 1985 BB 47 



For this filter, /0 is equal to 995 Hz. Taking C1 
(0.2051 ̂ F) as an example, L101 is made equal to 124.7 
mH, giving the resonant frequency of 995 Hz. Table 

2 shows the low-pass prototype and bandpass filter 
component values. 

The simulated bandpass filter has the expected 
response, indicating a valid design procedure. There 
are methods of simplifying the circuit by further trans-
formation, but these considerably complicate the 
design procedure. 

There are two problems with this bandpass filter 
design technique, however. The first is that it results 
in several awkward value components. In this exam-
ple, L102 (1.08 H) and L104 (385.2 mH) would be diffi-
cult to wind if homemade inductors were used. C102 
(1.003 nF) and C104 (1.28 /iF) are also rather high 
values. This problem becomes worse if a more com-
plex low-pass prototype is used. Consider, for exam-
ple, the 0.18-dB/81-dB low-pass filter previously 
described: choosing an inductor to resonate at 995 Hz 
with C2 (6897 pF) would require a value of 3.71 HI 

The second problem is caused by the filter's symme-
try of response. In the example considered, the low-
frequency response is probably too good for speech 
filtering applications, and the penalty paid is the exces-
sive number of components (seven capacitors and 
seven inductors) required for the final filter. It would 
be useful if the high- and low-frequency responses 
could be selected separately, both in rolloff rate and 
type. For example, for speech filtering, and rapid roll-
off elliptic low-pass response would be ideal, along 
with a more modest Butterworth highpass response. 
This is exactly my approach to bandpass filter design. 
It is generally thought that intermediate buffering 

table 2. Component values of 1-dB/50-dB elliptic low-pass prototype and transformed bandpass filter. 

3 kHz 300-3300 Hz 
low-pass prototype bandpass filter 

component value component value 

C1 0.2051 /iF C1 0.2051 nF 
L101 124.7 mH 

C2 0.0237 p.F C2 0.0237 fiF 
L102 1.081 H 

C3 0.2538 iiF C3 0.2538 nF 
L103 100.8 mH 

C4 0.0664 pF C4 0.0664 pH 
L104 385.2 mH 

C5 0.1735 nF C5 0.1735 mH 
L105 147.2 mH 

L2 25.5 mH L2 25.5 mH 
C102 1.003 fiF 

L4 19.9 mH L4 19.9 mH 
C104 1.286 fiF 

48 GB October 1985 



FREQUENCY (*Htl 

fig. 14. 0-10 kHz response of 500-Hz Butterworth highpass filter with 0.18-dB/50.1-dB seven-branch elliptic low-pass filter, 
showing practical results only. 

fig. 15. Experimental 500-Hz Butterworth highpass filter with 
0.18-dB/50.1-dB seven-branch elliptic low-pass filter. 

should be used between two filter types, but I will 
demonstrate that this is unnecessary and that compact 
bandpass filters can easily be designed and 
constructed. 

Since three low-pass and one highpass (excluding 
the single capacitor) filters have already been de-
scribed, they will be used to form bandpass filters. 
Figure 8 shows the schematic of the 500-ohm, 500-Hz 
Butterworth highpass cascade with the 1-dB/50-dB 
elliptic low-pass filter. The component values shown 
are rounded from the original filters. 

Figure 9 shows the 0 to 3-kHz response and fig. 10 
the 0 to 10-kHz response of the resulting bandpass 
filter. Only the simulated response with rounded values 

and real inductors is plotted, along with the practical 
results obtained. The practical results for the highpass 
and low-pass sections are also shown in the range 0 to 
3 kHz for comparison with the bandpass response. Be-
low approximately 750 Hz, the bandpass filter follows 
predominantly the highpass section response, and 
above 1.5 kHz the response is predominantly that of 
the low-pass section. Between these frequencies, the 
response is very nearly the algebraic sum of the sepa-
rate sections. The practical bandpass filter has 3-dB 
cutoff points (measured with respect to the insertion 
loss of 1 dB at 1.9 kHz) of approximately 675 Hz and 
3 kHz. 

A detailed PC board foil pattern and component lay-
out are not shown for this filter, but a photograph of 
the completed filter is shown in fig. 11. I simply took 
the two original layouts (part 1, fig. 7 and part 2, fig. 
5) and joined them together. Incidentally, it makes no 
difference to the response whether the highpass or 
low-pass section comes first. 

The same procedure has been applied to the 500-
ohm, 500-Hz Butterworth highpass and the 0.18-dB/ 
50.1-dB elliptic low-pass filters in the schematic shown 
in fig. 12. The response of the resulting bandpass 
design is shown in figs. 13 and 14. Reduced passband 
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fig. A1. Schematics of low-pass-to-highpass transformations showing (A) non-elliptic filter, and (B) elliptic filter. 

ripple and improved low-pass rolloff are evident 
because of the superior low-pass filter used. 

A photograph of this bandpass filter is shown in fig. 
15. Again the PC board layout is a combination of the 
two separate filter layouts (part 1, fig. 13, and part 
2, fig. 5.) Either of these two bandpass filters would 
form an excellent post-detector filter in a superhet or 
direct conversion receiver. 

appendix A 
low-pass to highpass transformation 

Figure A1 shows a typical nonelliptic low-pass-to-highpass filter 
transformation and a typical elliptic low-pass-to-highpass filter 
transformation. Note that in both cases the minimum capacitor 
implementation has been chosen for the low-pass prototype, so that 
minimum inductor design will result for the highpass filter. 

In both cases, the new component values are obtained by use 
of the formulas: 

CI (highpass) 
1 

LI (low-pass) 
I L2 (highpass) = „ (hw_pms) 

where capacitors and inductors have their 1 ohm, 1 -rad/sec values. 
The final values are obtained by scaling to the desired highpass filter 
impedance and cutoff frequency, as shown in part 1, appendix A. 

appendix B 
low-pass-to-bandpass transformation 

A low-pass prototype is first selected which has the same band-
width as the desired bandpass response. The geometric mean (f0) 
of the lower (f1) and upper (f2) cutoff frequencies for the bandpass 
filter is then determined by: 

/ 0 = V / / . / 2 

Each capacitor in the low-pass prototype is then transformed into 

LOWPASS CAPACITOR 

BANDPASS COMBINATION 

1.101 

LOWPASS INDUCTOR BANDPASS COMBINATION 

fig. B1. Schematics of low-pass-to-bandpass transforma-
tion showing (A) capacitor transformation, and IB) in-
ductor transformation. 

a capacitor/inductor parallel combination as shown in fig. B1A and 
each inductor is transformed into an inductor/capacitor series 
combination, as in fig. B1B. In the case of the capacitor transfor-
mation, the new inductor value is chosen to resonate with the original 
capacitor at f0. In the case of the inductor transformation, the new 
capacitor value is chosen to resonate with the original inductor at f0. 
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build a 
fail-safe digital clock 
Don't lose count 

when the power fails 

Although digital clocks have simplified keeping 
track of time accurately, they present some problems 
not encountered with synchronous-motor analog 
clocks. When line power is lost, for example, the 
mechanical display of motor-driven clocks provides a 
non-volatile memory that stores the time at the instant 
of power loss. Once line power returns, the motor re-
starts and continues counting the cycles. Unless an 
extremely accurate measurement of time is needed (for 
keeping a meteor scatter schedule, for example) the 
clock must be reset only when major power failures 
lasting more than a few minutes occur. With digital 
clocks that run on line power, however, even a 
momentary power dropout results in a complete loss 
of time. 

alternatives for standby power 
With synchronous-motor-driven analog clocks 

there's no simple way of providing for a standby power 
source when line power is lost. Electronic clocks, on 
the other hand, offer alternatives. You can, of course, 
power the clock with a battery, but this creates other 
problems: over long periods the time-base oscillator 
frequency error will cause any error in time to increase. 
Crystal aging, frequency sensitivity to changes in bat-
tery voltage and temperature, as well as the initial ac-
curacy of the oscillator frequency all contribute to tim-
ing errors that will eventually require the clock to be 
reset. 

•Two kits that provide a starting point ara No. JE701 and No. JE747, 
from Jameco Electronics, 1355 Shoraway Road, Belmont, California 
94002. 

A better choice is to combine the best features of 
line power and battery operation. Line power can be 
used to provide an accurate long-term time base, keep 
the battery charged, and allow the use of a light-
emitting diode (LED) display. Battery power can be 
used to power the clock when line power is lost, with 
a crystal-oscillator time base for keeping time. A logic 
circuit detects the presence or absence of line power 
and puts the clock in the appropriate operating mode. 
Additional logic allows you to override the automatic 
changing of the clock time base and run with the crys-
tal oscillator for accurate short-term time keeping. The 
clock design presented here has these features and 
has proven itself in over a year of continuous 
operation. 

contribution options 
Besides building the entire clock — including the 

crystal oscillator time base, logic, circuit and battery 
backup — as a project, the design information can be 
used for any clock using the MM5314 IC or its close 
relatives, the MM5309, MM5311, MM5512, MM5313, 
and MM5515. Existing clocks using this IC can be 
modified to add the crystal oscillator, logic, circuit, and 
battery without great difficulty. Another option is to 
start with a digital clock kit and simply add the new 
components*. 

Others may want the clock to run only on the crys-
tal-oscillator time base rather than switch between it 
and line power. The numerous design alternatives 
available allow you to choose the features that you 
want. 

clock functions 
The different functions of the clock are controlled 

by the logic circuit (see table 1). A schematic is shown 
in f ig . 1. The crystal oscillator and divider IC run con-

By Mai Crawford, K1MC 19 Ellison Road, Lex-
ington, Massachusetts 02173 
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table 1. Logic control definitions. 

function control logic 1 logic 0 

run/hold S1 run hold 

slow set S2 normal slow set 

fast set S3 normal fast set 

4/6 digit S4 4 digits 6 digits 

time base S5A normal display enable 

S5B normal crystal oscillator 

display enable S6 normal enabled 

12 hr/24 hr U1-pin 10 24 hour 12 hour 

50 Hz/60 Hz U1-pin 11 50 Hz 60 Hz 

tinuously to eliminate any startup and shutdown trans-
ients that would degrade time-keeping accuracy. The 
missing pulse detector monostable selects either line 
power or the oscillator 60-Hz signal for the clock time 
base, based on the presence or absence of line power. 
A switch input to the logic allows the monostable con-
trol to be overridden so that the crystal oscillator pro-
vides the clock time base even when line power is 
present. 

To conserve battery power the logic normally dis-
ables the display when line power is lost. A nonlatch-
ing, normally open pushbutton switch enables the dis-
play during battery operation so that the time can be 
read if desired. A two-pole switch selects the crystal 
oscillator time base. One pole disables the 60-Hz signal 
from line power so that the monostable times out and 
allows the 60-Hz signal from the oscillator/divider to 
run the clock. The other pole parallels the display 
enable switch and keeps the display on when running 
in the crystal-oscillator time-base mode. 

The run/hold switch stops the clock from counting 
when setting the time. Two nonlatching, normally 
o p e n pushbut ton swi tches a l low fast and s low t ime 
set: fast set advances the time at one hour per second; 
slow set advances it at one minute per second. An-
other switch selects either a four-digit (hours and 
minutes) or a six-digit (hours, minutes, and seconds) 
time display. The seconds display is necessary when 
setting the clock, but is distracting when logging or 
recording time; more than once I've found myself writ-
ing down the wrong four digits on the log sheet. 

The clock IC can display time in either a 24-hour or 
12-hour format. If a 12-hour format is desired, pin 10 
of U1 should be grounded. Two LEDs are used as 
colons between the hours digit and tens of minutes 
digit on the display. Besides giving the unit a more 
clock-like appearance, the LEDs serve as pilot lights. 
When line power is lost, only the display digits are 
disabled by the clock IC. The colons remain lit to show 
that the clock is in the battery mode and operating. 

circuit details 
Power supply. The AC line circuit follows standard 
design and safety practices. A three-wire plug and 
cord are used, with the ground wire (green) connected 
to the clock's metal case. A transient suppressor, VI, 
protects the MOS and CMOS ICs from high amplitude 
voltage transients. CI filters transient high-frequency 
components as well as any RF that may be on the 
power wiring. (If your line power is extremely con-
taminated with transients, it may be necessary to add 
small inductors to the power lines to give the capacitor 
a higher impedance to work against.) I included a fuse 
to prevent failure in the clock from creating a fire 
hazard and protect the transient suppressor from fail-
ing under long-term high-voltage conditions. 

The transformer has a 12.6 volt RMS secondary with 
a current rating of 200 mA. The rectified output vol-
tage under load should be in the range of 11 to 16 
volts. The LED display draws the major portion of the 
current in the clock. The 200 mA rating is the minimum 
for the transformer because of LED display loading. 
Higher current transformers should be used if space 
is available. A diode bridge rectifier is used with the 
filtering provided by C2. The filter capacitor also makes 
the transition between line power and battery power 
smoother by slowing down the voltage rate of change. 
A smaller value capacitor, C3, is in parallel with the 
filter capacitor to bypass any residual power transient 
high-frequency components or RF signals. Another 
capacitor, C17, provides additional bypassing. 

Battery supply. The NiCad battery circuit also in-
cludes a trickle charging resistor, R1, and a blocking 
diode, CR5. R1 gives a trickle current equal to a hun-
dredth of the battery capacity. The battery has a 
capacity of 65 mA per hour, which requires a trickle 
current of 0.65 mA to maintain full battery charge. The 
normal slow charge rate is 7mA for 14 hours. If other 
types of rechargeable batteries are used, be sure to 
change the value of R1 to obtain the correct trickle 
charge current. 

When the battery is powering the clock, the cur-
rent will flow through CR5 to avoid the high resistance 
path through R1. A diode keeps the voltage drop to 
a minimum. With the time display disabled, the clock 
circuit draws about 8 mA, so approximately 8 hours 
of continuous battery operation is possible. The abso-
lute minimum supply voltage for the clock is probably 
under 5 volts, so that the readily available 9 volt NiCad 
battery can be used. 

Clock integrated circuits. The clock IC requires ex-
ternal components to drive and multiplex the LEDs in 
the time display. This multiplexing is necessary to 
reduce the peak current drawn by the display and 
reduce the number of pins required on the IC. If the 
six digits with their seven segments were driven direct-
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fig. 1. Schematic diagram of the digital clock, with battery backup and crystal oscillator time base. 
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ly, 42 logic lines would be required. By wiring all the 
digit segments in parallel and multiplexing, only 13 
logic lines are needed. Seven outputs are for the seven 
segments in each LED digit and six outputs for the six 
digits. The logic inside the clock IC keeps track of 
which digit is being enabled and turns on the correct 
segments. The digits are scanned at a rate of approxi-
mately 1 kHz. The multiplex frequency is determined 
by C4 and R2, and is approximately equal to 3/ 
IR2xC4). The display driver devices are general-pur-
pose switching transistors. The LED segment currents 
are determined by R3 through R9. 

The external clock controls have bypass capacitors 
across their switches to reduce any RF pickup or 
switch bounce transients. The pullup resistors at the 
clock IC allow the bypass capacitors to follow the 
operating voltage when changing between line supply 
and the battery. The input resistances of the clock IC 
are high because of the P channel M O S construction. 

The capacitor holds the lower battery voltage while 
the clock IC is running on the higher line supply volt-
age, and misinterprets that as a logic 0 instead of a 
logic 1. Before the pullup resistors were added, the 
clock gained exactly one minute every time it went 
from battery to line supply power because of the 
capacitor storage time. Since the capacitor memory 
time depends on its value and the input resistance of 
the clock IC, it was easier to add the pullups than to 
fine tune each clock for proper operation. The pullup 
resistor values are much smaller than the clock IC in-
put resistance. The time constant is 0.1 millisecond 
to prevent false logic conditions caused by power 
transitions. 

Oscillator/divider. The oscillator/divider, U2, pro-
vides a crystal oscillator-based 60-Hz output. The divi-
sion ratio is fixed at 59,659, so a variable capacitor sets 
the oscillator frequency to the exact value of 3,579.540 
kHz. A buffered oscillator output is available when set-
ting the frequency to avoid test equipment loading ef-
fects. If you don't have an accurate frequency counter 
to set the oscillator, or if crystal time-base accuracy 
is not critical, variable capacitor C10 can be replaced 
with a fixed 33 pF mica capacitor. To gauge the accu-
racy you need, remember that a 1-Hz oscillator fre-
quency error will amount to a 8.81-second time error 
over the course of a year. Crystal frequency tolerances 
will be about ± 300 Hz from their nominal value, with 
aging contributing a long-term downward drift of 3-7 
Hz/year. The frequency of the oscillator also depends 
on its supply voltage. My unit had a sensitivity of 
approximately 10 Hz/volt over the range of 6 to 12 
volts. If battery backup is your main operating mode, 
adjust the crystal oscillator frequency while running 
on battery power. 

Logic. The 60-Hz line power time-base signal is taken 

from one side of the power transformer secondary. 
A low-pass filter consisting of R16 and C12 attenuates 
high-frequency transient components that might get 
into the clock circuit and the time base. A diode clamp, 
CR8, protects the input to U3 by preventing the input 
voltage from exceeding the supply voltage by more 
than a diode drop. A high value resistor, R17, provides 
a DC path to ground for the capacitor. The resistor 
prevents the leakage currents through the diode clamp 
or rectifier diodes from charging C12, which would 
create a false logic 1 indication to U3 when operating 
from the battery. Schmitt trigger N A N D gate U3A 
converts the analog 60-Hz signal from the low-pass 
filter into a digital signal that is used in the logic cir-
cuit. The other input to U3A selects the crystal oscilla-
tor 60-Hz signal for the clock time base by applying 
a logic 0. 

Monostable U4 is the heart of the logic circuit since 
it makes the decision that controls the enabling of the 
crystal oscillator time base and the disabling of the 
display. The monostable is used as a missing pulse 
detector by making it retriggerable with a pulse width 
slightly longer than the period of the 60-Hz input. By 
making the monostable retriggerable, its Q output will 
stay a logic 0 as long as the line supply is providing 
60-Hz signals, since the pulse width is longer than the 
input signal period. Whenjine power is lost, the mono-
stable times out and the Q output changes to a logic 
1, which allows the crystal oscillator/divider output 
signal to toggle the output of U3B at a 60-Hz rate. 

Since the accuracy of the monostable pulse width 
is important, a precision version of the regular C M O S 
dual monostable is used for U4. The device is specified 
to have a timing error of less than ± 2 percent over 
its operating temperature range. To take advantage 
of the monostable accuracy the values of the two 
external timing components, C16 and R20, must also 
be accurate and stable. Metal or carbon film resistors, 
rather than composition resistors, should be used 
because they are available in 1 percent tolerances and 
are stable with respect to ambient temperature and 
moisture conditions. Polycarbonate or NPO ceramic 
capacitors are suitable for the timing capacitor appli-
cation. Other types of capacitors using dielectric 
materials such as mylar, polyester, or Teflon® should 
be suitable in this application over the expected range 
of ambient room temperatures. General-purpose cer-
amics, as well as electrolytic and tantalum capacitors, 
should not be used for the timing capacitor because 
their values will change with temperature, time, and 
applied voltage. 

Because the monostable pulse width is equal to the 
product of C16 and R20, a wide range of component 
values can be used. While the application literature 
from the different monostable producers regarding the 
range of component values is conflicting, the resistor 
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value can go from a minimum value of 5 kilohms to 
a maximum value of 10 megohms. The capacitor 
values are allowed to go from a minimum of 5000 pF 
to a maximum of 100 nF. For capacitor values above 
0.5 /iF, a diode from the timing resistor-capacitor junc-
tion to the supply voltage is recommended to protect 
the monostable. The minimum resistor value is deter-
mined by the current sink capabilities of the mono-
stable, while the maximum value is limited by the 
leakage currents in the monostable and printed wir-
ing board. The minimum capacitor value is limited by 
the parasitic capacitances associated with the mono-
stable and the printed wiring board, while the maxi-
mum is limited by the current sink capabilities of the 
monostable. 

Other components outside these two ranges will 
allow the monostable to operate, but the pulse width 
will differ from the formula value. The design pulse 
width for the monostable is 19.0 milliseconds, about 
14 percent longer than the 16.7 millisecond period of 
a 60-Hz signal. The longer pulse width duration allows 
for a 3 percent error in monostable timing accuracy, 
a 2 percent error in timing resistor value and a 10 per-
cent error in timing capacitor value. The component 
value ranges are wide enough to eliminate any parts 
procurement problems. If the exact values needed 
cannot be obtained, the monostable pulse width can 
be made longer than 19.0 milliseconds without hav-
ing a significant effect on clock operation. The only 
drawback to increasing the monostable pulse width 
is that the dead time in the transition between line 
power time base and crystal oscillator time base will 
increase slightly. Designing the correct monostable 
pulse width was preferred instead of building the cir-
cuit then going through a time-consuming testing pro-
cess to select the correct resistor value. 

The remaining three Schmitt trigger NAND gates, 
U3B, U3C, and U3D, are for logic functions involving 
the operation of the time display and time-base selec-
tion. Ordinary NAND gates would be suitable in these 
three applications if the logic is changed for any 
reason. The design goal for the clock circuitry was to 
keep the number of parts to a minimum, so the logic 
was built to make do with the single quad NAND IC. 
Other logic modes can be included by the addition of 
different gates. 

modifying clocks 
With the MM5314 clock IC, modifying a clock or 

kit is very simple. Most of the work lies in mechanical 
areas. The locations of the new circuits, battery, and 
switches must be determined using the available clock 
volume and the existing installed components. The 
first step in the electrical modifications is to wire the 
battery with its blocking diode CR5 and changing resis-
tor R1. The existing clock circuit board should have 

® 
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fig. 2. Digital clock PC logic board. M) parts layout; (B) 
wiring pattern (actual size). 

enough room to mount the diode and resistor, as well 
as numerous places to pick up a power return connec-
tion for the battery's negative lead. A push-pin drill 
and a No. 66 bit (0.031 inch/0.79 mm) can be used 
to make holes in the printed wiring board for new com-
ponent leads. A small piece of copper foil with an 
adhesive backing can be used to make a junction point 
for the battery's positive lead, the resistor, and the 
diode. 
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table 2. Parts list. 

component description 
B1 Nicad battery (GE No. GC-9B or Radio 

Shack No. 23-1261 
CI 0.005 tiF, 1 kV ceramic 
C2 220 nF, 25 volt electrolytic 
C3-C17 0.47 ^F, 25 volt ceramic 
C4-C8 0.01 pf, 25 volt ceramic 
C9 0.1 ftF, 25 volt ceramic 
C10 4-26 pF variable 
C11 33 pF, 25 volt mica 
C12-C15 0.01 fiF, 25 volt ceramic 
C16 0.1 /iF + 10 percent polycarbonate (see 

text) 
CR1-CR5 silicon rectifier diode (1N4002) 
CR6-CR7 light emitting diode (MV50I 
CR8 small signal silicon diode (1N914 or 

1N4148) 
F1 fuse 1/8 ampere 
Q1-Q6 PNP switching transistor (2N3906 or 

2N2907) 
Q7-Q13 NPN switching transistor (2N3904 or 

2N2222) 
R1 7.5 kilohm (see text) 
R2 470 kilohm 
R3-R9 270 ohms 
R10 4.7 kilohm 
R11-R14 10 kilohm 
R15 22 megohm 
R16 100 kilohm 
R17 1.0 megohm 
R18-R19 10 kilohm 
R20 191 kilohm ± 1 percent precision film 

resistor (see text) 
S1-S4 single pole, single throw toggle switch 
S2,S3,S6 single pole, single throw, normally open 

nonlatching pushbutton switch 
S5 double pole, single throw toggle switch 
T1 power transformer 12.6 volt/200 mA 

(Radio Shack No. 273-1385) 
U1 MM5314 clock integrated circuit 
U2 MM5369AA oscillator/divider 
U3 CD4093B quad NAND Schmitt trigger 
U4 MC14538B dual precision monostable 
U5-U11 LED seven segment common cathode 

digit (FND No. 70, DL704, MAN 74 or 
Radio Shack No. 276-067) 

VI transient suppressor (GE No. V130LA10) 
X1 color burst crystal, 3.58 MHz (Radio 

Shack No. 272-067) 

After the battery has been charged, the battery 
backup mode can be tested by unplugging the line 
cord. If the clock shows the time it displayed when 
unplugged, the battery is doing its job. (The time 
display may dim, but this is expected because the bat-
tery voltage is lower than the line-supply voltage.) 
When plugged back in, all clock functions should re-
turn to normal. There should be no jumps in the time 

displayed by the clock as it's unplugged or plugged 
back in. The battery must be disconnected, and the 
clock unplugged, whenever additional modifications 
or changes are made to the clock. 

Adding the oscillator/divider and logic involves three 
steps. The first is to connect the power and power 
return to the board, and connect the three-mode logic 
switches. The next step is to connect the display en-
able logic signal to pin 1 of the clock IC, U1. If this 
pin on the clock IC is floating, or connected to the 
supply with a pullup resistor, just connect the logic 
signal. When the pin is connected to the supply, the 
connection must be broken before connecting the 
logic signal. Operation of the logic circuit can be tested 
at this point before completing the modifications. Con-
necting the battery, and unplugging the clock, will 
power up the circuit. If the time display is on, chang-
ing the position of the time base switch, S7, should 
disable it. With the 60-Hz line power signal not yet con-
nected, there is no input to trigger the monostable, 
so the logic should disable the time display. Once the 
display is off, pushing display enable switch, S6, 
should cause it to come on. 

The last modification step is to disconnect the 60-Hz 
signal into pin 16 of the clock IC, U1. The clock should 
have a network similar to R16, C12, and CR8 to filter 
and clamp the input to the clock IC timing input. Break 
the connection of this network to pin 16, and connect 
the clock time signal from U3 pin 11 to U1 pin 16. Then 
connect the network junction to U3 pin 1 to complete 
the modification. The clock can now be set to the cor-
rect time, the crystal oscillator frequency set, and the 
remaining logic features tested. 

construction details 
A painted aluminum case houses the clock's elec-

tronics. A 3 x 6 x 4-inch (7.62 x 15.24 x 10.16 cm) 
deep case provides ample room for the three boards, 
battery, power transformer, and logic control swit-
ches. Smaller cases could be used, but mechanical 
layout and assembly would be more difficult. As 
shown in fig, 1, the three boards are divided by func-
tion. One board contains the clock integrated circuit, 
rectifier, and display driver circuits. The second board 
contains the LED digits and colon, with the last board 
containing the oscillator/divider and logic circuits. A 
complete parts list is provided in table 2. My clock 
was assembled from purchased clock and display cir-
cuit boards, so only the oscillator/divider, and logic 
components are shown, (fig. 2). The board is single-
sided, copper-clad material. The copper layer is the 
top, or component side, and is used as the ground. 
Copper foil tape on the glass-epoxy side of the board 
is for wiring runs. The wiring layout was kept to one 
side of the board at the expense of using jumper wires 
for crossing runs. Mounting holes are at the bottom 

October 1985 69 61 



WHAT'S REALLY 
HAPPENING 

IN HOME 
SATELLITE 

TV? 
THE HOME 

SATELLITE 
TELEVISION 

MAGAZINE 
A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in-
dustry insights! With your subscription to STV * you will 
receive a FREE LCD Calendar/Clock. 

• Only $19.95 per year (12 monthly issues) 
• $1.00 for sample copy 
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IF YOU HAVE 
A SATELLITE 
SYSTEM, THEN 
YOU REALLY ' * t 
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• Only $39.00 per year (52 weekly issues) 
• 2 Years $69.00 (104 weekly issues) 
• $1.00 for sample copy 

Visa" and MasterCard® accepted (subscrip-
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 
STV®/OnSat® 

P.O. Box 2384—Dept. HR • Shelby, NC 28151-2384 
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TOLL FREE 1-800-438-2020 

of the board, with terminals at the top for wiring the 
board to the remainder of the clock circuits. 

One unexpected problem was that the ambient 
room light made it difficult to read the time display at 
certain viewing angles and also made the display 
printed wiring board and the LED DIPs visible. The 
solution was to cut a piece of red acetate to fit behind 
the clear acrylic plastic windows in the case. The color 
of the acetate matches that of the LED display so that 
the digits can be read, but exterior light is filtered out. 
Commercially available display bezels use colored or 
smoked plastic covers to cut glare, but are more ex-
pensive than colored acetate. 

operation 
Once the clock has been wired, and the logic opera-

tion checked, there isn't much left to do. The oscillator 
frequency should be measured after a few months of 
operation and reset if aging has lowered the frequency. 
Only yearly frequency checks are necessary after that 
because the aging rate will reach its asymptote. The 
battery should be checked and inspected periodically 
for leakage or failure; the simplest way to check the 
battery is to unplug the clock and see if it works under 
battery power. 

Since the clock is portable, it can be carried to a 
new location without resetting. But keep in mind that 
some of the components will not operate properly 
under extreme temperature conditions. Most commer-
cial-grade ICs are specified for operation between 32 
degrees F and 158 degrees F (0-70 degrees C) so if 
you take it out in the cold weather the clock should 
be insulated or heated. After setting the oscillator fre-
quency of my own clock at work, where a very accu-
rate calibrated frequency counter was available, I 
transported it home in 0 degree F ( - 16 degrees C) 
weather. The clock IC held the time it displayed when 
I left the building because the cold stopped the crystal 
oscillator. Once back home, the oscillator warmed up 
and started, leaving me with a half-hour hole to ac-
count for. If outdoor or automotive operation of the 
clock is planned, the components should be either in-
dustrial ( - 13 to +185 F/ - 2 5 to +85 C) or military 
( - 67 to + 257 F/ - 55 to +125 C) temperature range 
rated to ensure proper operation. 

conclusion 
Adding a battery power backup and crystal oscillator 

time base to line-powered digital clocks is a practical 
way to overcome their operating problems when line 
power drops out. This clock has been running for a 
year and a half — including successful battery-power-
ed operation through three long outages totaling 11 
hours, and through plenty of shorter dropouts — with-
out being more than 10 seconds off from WWV time. 
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How does 0.1-905 MHz 
coverage sound to you? 

add general coverage 
to Yaesu's latest VHF-UHF receiver 

The newly released Yaesu FRG-9600 receiver 
represents a significant advance in price/performance 
capability: it's the first communications grade receiver 
to offer all-mode capabilities, computer interface, fre-
quency synthesis and broad coverage — 60-905 MHz. 
The receiver design is based on the use of already 
designed TV and FM modules and integrated circuits. 
These subassemblies have been combined in a very 
small package that gives good performance and makes 
for a highly flexible bench receiver. 

There are few things, however, that one might wish 
had been done differently: the image rejection is 
modest and poses some problems in RF-dense urban 
areas. This problem is compounded by front-ends that 
have good sensitivity but poor large-signal handling 
capability-. Band selection data is available at a con-
nector on the back panel, but the VCO tuning voltage 
is not available. This makes the use of external track-
ing filters difficult to implement. Finally, incorporating 
one additional conversion to allow reception of the 
0.1-60 MHz range would have resulted in a receiver 
with outstanding coverage and flexibility. 

As one of the early users of this receiver, I decided 
to add an external HF converter that would cover the 
range 0.1-60 MHz, thereby giving the receiver an 
overall range of 0.1 to 905 MHz. 

basic converter scheme 
In the HF part of the spectrum, very large signals 

are available at the antenna terminals because of the 
size of the antennas used. It was determined, there-
fore, that a converter with good large-signal perform-

ance was essential. Image rejection problems can be 
easily handled by using an up-converter. (An up-
converter simply means that the first IF is higher than 
the highest received frequency.) 

In this case, the frequency range 0.1 to 60 MHz is 
converted to 100.1 to 160.0 MHz, permitting the dis-
play of the FRG-9600 to be read directly in MHz by 
simply ignoring the most significant digit (the 1 in 100 
MHz). Unwanted mixing products are reduced about 
20 dB by the use of a commercial double balanced mix-
er. Overall gain of the converter is about 0, which re-
tains the original sensitivity characteristics of the 
receiver. Finally, all the antenna switching is automatic 
when the converter is activated. The basic converter 
block diagram is shown in fig. 1. 

circuit description 
The complete schematic diagram for the converter 

is shown in fig. 2. Power is provided from the auxiliary 
8 volt RCA phono jack on the back panel of the 
FRG-9600. This jack can deliver 8 volts at 200 mA, 
more than enough for the converter. Power is applied 
through switch S1 and a protective diode. When the 
converter is off, relay K1 is not energized and the 
antenna connection from the VHF/UHF jack on the 
converter is straight through to the FRG-9600. When 
S1 is closed, the converter is activated and K1 is 
energized, switching to the HF antenna and the out-
put of the up-converter. 

Signals from the HF antenna jack are applied to a 

By Ernie Guerri, W6MGI, ham radio, Greenville, 
New Hampshire 03048 
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60-903 
MHr 

VHF/UHF 

INPUT 

ISO OHMSI 

72 MHz 
L P F 

-304B AT SSMHl 

HF 
INPUT 

0.1-SO 
MHz 

ISO OHMS) 

ANZAC 
MD-108 

OSCILLATOR 

178 MHz 
LPF 

- . v —< +fl VDC 

100 MHz 
CRYSTAL 

1 

TO FftS-9600 
> ANTENNA 

CONNECTOR 

-2048 AT 200 MM* 

fig. 1. FRG-9600 HF converter block diagram. 

Htm dtserfpHon 
Kf Pottir-etumtma MO «•««« /*f«y/5 vO/( CO" 
U-14 S turns. Mo. 20, 6 mm (0, 6 mm 
15, 16 S lomt, Mo. 22, 4 mm ID. spaced 10 mm 
17 0.t-fl.3 >,H «Wi 1 turn Mnfc 
LjM.70 3 torn NO. 78, 6 mm ID, <p*c*tf 8 mm 
Not*: All /••/•ton J/4 watt, S ptrctni cwbon composition. 
4H cap*c/(on df*c caramfc un/«»s oMiorwfe* 

0t-60*Hz 

fig. 2. FRG-9600 HF converter 0.1-80 MHz. 

low-pass filter and broadband large-signal amplifier. 
The amplifier stage uses a 2N5109, which is designed 
for low distortion, large-signal C A T V applications. 
Note the rather complex network in the emitter of the 
2N5109. This network shapes the overall response of 
the amplifier stage, making it quite flat from about 1-90 
MHz. Gain of this stage is approximately 11 dB, and 
the noise figure is about 4 dB — more than adequate 
for general purpose HF work. The RF stage can handle 
input signals of approximately 0 dBm before any 
observable compression takes place. 

The input filter is absolutely essential to the opera-

tion of the converter. Because the output of the con-
verter is in the middle of the commercial FM band, it's 
important that FM signals through the RF amplifier be 
heavily suppressed. The input filter has a cutoff fre-
quency of 72 MHz and is down 50 dB at 85 MHz. The 
filter should be built in close compliance to the design 
shown. The use of silver mica capacitors is a must, 
and they should have the shortest leads you can work 
with. Be sure that L2 is oriented 90 degrees to LI and 
L3 so that no coupling takes place between any of the 
inductors. This same precaution applies to the induc-
tors in the output filter. Note that these filters are 
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terminated by a simple resistive pad to assure that 
their characteristics are preserved with reactive 
terminations. 

Because the 2N5109 is capable of considerable gain 
well into the V H F region, good V H F practice should 
be fo l lowed in layout and construct ion. A l l capacitor 
leads should be as short as possible. Ferrite beads on 
the base and collector leads suppress any tendency 
the stage might have to oscil late at VHF . The proto-
type showed no instability under any operating con-
ditions. The mixer and local oscil lator are straight-
forward. The 2N5179, used with a 100 MHz series res-
onant crystal wil l deliver about + 8 dBm of LO power 
to the mixer — just right for the MD-108. This particu-
lar oscillator design is not very low-noise, but it's easy 
to use and adjust, and phase noise is not a major con-
sideration in this application. S imply adjust the slug 
in L7 until the oscil lator starts reliably each time. If 
you have an RF voltmeter, adjust L7 for maximum sig-
nal at pin 5 of the balanced mixer. 

The Anzac MD-108* is a low cost general purpose 
mixer good to several hundred MHz . Other general 
purpose units should perform equally well. S ince the 
mixer creates products and harmonics of the input sig-
nals, some precautions are in order. Because we're 
using the mixer to up-convert, the RF and IF ports are 
reversed from their normal order (see fig. 1). The out-

put is taken at pin 4, and consists of some HF feed-
through, plus the mixing products of 100 MHz . The 
175 M H z low-pass filter assures that we do not hear 
products that would otherwise be repeated, with 
diminished amplitude, every 100 M H z throughout the 
receiver tuning range. 

construction and comments 
Construction details are best left to each user. I used 

an L M B CR-800 enclosure that matches the appear-
ance of the FRG-9600 nicely, but any well-shielded box 
will serve as an adequate enclosure. Construct ion on 
a piece of epoxy-glass circuit board material is simple 
and effective. Lay out the circuit more or less as the 
schematic is drawn, and you should have no problems. 
I strongly recommend using the exact component 
values shown for best results. Be sure that the cable 
f rom the converter to the FRG-9600 is high-quality 
coax to prevent signal leakage that would reduce the 
effectiveness of the low-pass filters. 

The individual filters, active circuits, and the com-
pleted converter were characterized using a Tektronix 
7L14/TR502 spectrum analyzer/tracking generator 
combinat ion. 
"Check pin designations carefully, several different configurations exist. 
RadioKit will provide a complete kit of parts, including PC board. 
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the. 
HAM STATION 
220 N. FULTON AVENUE 

P.O. BOX 4405 
EVANSVILLE, INDIANA 47710 

LARGE STOCK OF NEW EQUIPMENT 
AT DISCOUNT PRICES 

Orders 1-800-523-7731 
Indiana (812) 422-0231 

Info & Service (812) 422-0252 
CALL FOR PRICES ON 

EQUIPMENT FOR OSCAR 10 
PRICES AND AVAiLABILTlY SUBJECT TO 
CHANGE. FREIGHT FOB EVANSVILLE. 

ACC 

Shack Master 100 in stock 

AEA 
ATU-1000-Superb interface 
CP-100 Deluxe interface 
CP-1 interface 
MP- l Micropatch 
MBA-TOR Software 
DR DX DR QSO 
PKT-1 Packet Controller 
Morse University tor C-64 

call 

SMOO 00 
CALL 

189 95 
129 95 

CALL 
79 95 

459 95 
39 00 

tsopoles. Hot Rods Software in Stock 

ALINC0 

Amphlieis m stock CALL 

ASTRON 
RS7A 5-7 Amp $ 49 00 
RS10A 7 5-10 Amp 59 00 
RS12A 9-12 Amp 69 00 
RS20A 16-20 Amp 89 00 
RS20M 16-20 Amfl w meter '09 00 

A S T R O N 

RS35A 25-35 Amp 135 00 
RS35M 25-35 Amp w meter 149 00 
RS50A 37-50 Amp 199 00 
RS50M 37-50 Amp w meter 225 00 

BENCHER 
ev-1 Black Chrome By-2 Chtnme $39 49 00 
ZA-1A Balun 19 00 

370-15-80-10M Folded Dipotr $145 00 
AT-110-5 Band Trap Dipole 76 00 
AT-55 4 Band f lap Dipole 58 00 
Various Antennas & Coax Switches in Stock 

Butternut 
HF38-Butterfly Compact Beam $179 95 
HF6 80- 10M Vertical 119 95 
HF2V 80-40M Vertical 115 00 
TBR-160-S 160M Resonator 49 00 
HF4B 20 .14 I2.10M Beam 195 00 

Cu ihcr i f l 
A4 Tribander $269 00 
A3 Tribander 215 00 
AI47-11 2MTIEL 49 00 
A449-11 450 MHZ 44 00 
215WB 2M Jr Boomer 79 00 
230WB Stacked 215 s 219 00 
32-19 Boomer 19EL 2M 95 00 
AOP-1 OSCAR PKGE 149 00 
Ringo Rangers 2M.6M 220 450 39 95 
OAIWA 
CN-520 1 8-60 MHZ Mtr $ 63 00 
CN-620B 1 8-150 MHZ Mtr 110 00 
CN-630 140-450 MHZ Mtr 129 00 
CN-410M 3 5-150 MHZ Mtr 65 00 
CS-201 2 Pos Switch 23 00 
CS-401 4 Pos Switch 63 00 
ENCOMM 

NEW FM-240 25W FM Xcvr CALL 

Computer interfaces & dedicated Terminals 

HEIL 

Products in Stock CALL 

HUSTLER 
G-7-144 MHZ Vertical $119 95 
G 6-144B 2M Vertical 85 95 
G-6-440 MHZ Vertical 109 95 
68TV-80-10M Vertical >29 95 

Mobile HF & VHF Antennas in Stock 

TH7DXS 7EL Tribander $479 00 
Explorer 14 3EL Tfbander 329 00 
QK710 30 40 Mtr Kit 85.00 
Discoverer 2-EL 40 Mtr 339 00 
18HTS 80-I0M Vertical 439 00 
1BAVT WBS 80-10M Vertical 109 00 
14AVQ WBS 40- I0M Vertical 75 00 
2 Mtr Beams in Stock CALL 
V2.V3.V4-2M, 220 440 Verticals CALL 
287 2 Mtr Mag Mnl 26 00 

ICOM 
751 Top ot the Line $1179 00 
735 Simply Fantastic Xcvr 749 00 
1271 1 2 GHZ Base Xcvr Coming Soon 
271A.H 2M All Mode qa i i 
471A.H 430-450 All Mode . . . . 
27AH 2 Mtr Mobiles W L L 

37A 220 MHZ Mobile CALL 
47A 440 MHZ Mobile pa i , 
3200 Dual Band 144 S 440 ~~ 
02AT04AT 2 Mtr -440 MHZ H T s CALL 
3AT 4AT 220 MHZ-440 MHZ H T s 229 95 
2AT 2 Mtr H T 199 95 
R7IA Commercial Grade Receiver 

Huge Inventory ot Accessories 8. Radios 

KANTRONICS 
Packet Communicator $219 00 
UTU Universal Terminal Unit 179 95 
Interface II Deluxe Interlace 229 95 
Challenger economical interface 89 95 

Lots ol Software in Stock - CALL 

K IM 
2M-14C 2M Circular Ant w CS-2 $ 85 00 
2M 22C 2M Circular Ant w CS-2 120 00 
435 18C Circular Ant 65 00 
435 40CX Circular Ant w CS-2 149 95 
CS-2 Circularity Switch 55 00 
2M-16LBX 2 Mtr Vagi 105 00 
432 30LBX Vagi 99 75 

N L A 5 " 220 450 Mag Mnt S 42 95 
NLA 2 70 Dual Band Mag Mnt 59 95 

MFJ 
1229 interlace tree Software $169 95 
1224 interface free Software 85 00 
1228 interface tree Software 59 95 
969 3KW Roller inductor tuner 289 95 
949C 300 W Tuner w D Load 135 00 
94 ID 300 W tull lealure tuner 89 95 
204 Anlenna Budge 7195 

MIRAGE 
B1016 10 160W-Preamp $249 95 
B3016 30 160W-Preamp 204 95 
B23A 2 30W-Prearnp 89 95 
D1010N 10 100W 430-450 MHZ 289 95 

NYE 

MB-V-A lhe Ultimate Tuner $499 95 

SHUFtE 

4440 Hi-Lo I Desk Mic $55 00 

TEN-TEC 
NEW Corsair — Very Nice CALL 
Century 22 CW Xivr $ 349 95 
2510 Satellite Station 409 95 
Titan - Vour Last Amplifier 2175.00 
TOKYO HV POWER 
HL 30V 3 30W Amp 
HL35V 3 30 Amp w Gastel 
HL160V 3 10 160W Amp 
HL I60V25 25-160W Amp 
HL-20U 430-449 MHZ 3 20W Amp 
HL 120U 430-449 MHZ 10 100W Amp 
HC-2000 2KW Tuner 
HC 400L Tuner w Dual Needle Mtr 
HRA 2 2 Mtr Gastet Preamp 
HRA-7 70 CM Gastel Preamp 

YAESU 
FT-980 Deluxe Xcvr 
n 757 Gen Cov Xcvr 
PT-757H O P S wtan 
FT-757AT Autotuner 
FI-726R Mulli Band Xcvr 
FT-270R 45W 2 Mtr 
F1-2700RH 2 Mtr 440MHZ 
f RG 8800 HI Communications Rcvr 
FRG-9600 60 960MHZ Scanning Rcvr 

Large Slock of Accessories 

WELZ 

Mlrs Antennas Duplexers in Stock 

ROTATORS 
Alliance HD-73 $115 00 
Alliance U-110 49 95 
Telex CD-45 149 00 
Telex Ham 4 239 95 
Telex T2X 269 95 
Ken Pro KR500 KB5400 KB5600 CALL 

CALL FOR PRICES ON 
EQUIPMENT FOR OSCAR tO 

Sand SASE lor our n«Mr A uMd tquipnwnt list. 
MON FBI M M 6 P M • SAT 9AM 3PM 

$ 62 95 
75 00 

295 95 
259 95 
105 95 
319 95 
295 95 
175 95 
119 95 
119 95 

$1425.00 
CALL 

175 00 
235 00 

CALL 
375 00 
489 95 
499 95 

Call 
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TECHNIQUES & 

first, the bad news 
"How long will we have to wait un-
til the sunspot cycle improves?" 
More and more Amateurs are migrat-
ing to the low frequency bands as the 
popular, higher-frequency DX bands 
are becoming more spotty. Ten meters 
is nearly deserted, except for an occa-
sional north-south opening and some 
wandering ignition noise. And 15 
meters isn't much better! Even 20 
meters is a pale imitation of its former 
robust self. 

Predicting when the sunspot mini-
mum arrives and when the new sun-
spot cycle begins is a chancy business 
best left to the experts. A good guess 
indicates that sometime between win-
ter, 1986, and spring, 1987, may be the 
turning point at which we move on to 
the next new cycle. 

But several months of the new cycle 
must elapse before the high-frequency 
bands will come alive. Fall 1987 may 
be a good time to take the 10-meter 
beam out of mothballs and get it up 
in the air. That's two years away! 

Meanwhile, there's a migration to 
the lower frequency bands and hams 
are turning to dipoles, inverted-Vs, 
delta loops and slopers. Certainly, 
some big DX "guns" have full-size 40 
and 80 meter beams, but such monster 
antennas are out of the question for 
most operators. 

now, the good news 
Although we can't fool Mother 

Nature, there's still a lot of DX and 
good operating pleasure left on the 
"DC bands." As far as DX goes, many 
operators have made DXCC and won 

other juicy awards on both 40 and 80 
meters. And I understand that Wal, 
W8LRL, has over 200 countries to his 
credit on 160 meters! 

One of the better newsletters about 
160-meter DX is published by Ivan 
Payne (VE3INQ). Send two IRCs and 
a business-sized envelope to Box 276, 
Station A, Weston, Ontario, Canada 
M9N 3M7 for this 22-page bulletin that 
will prove to you that DX is alive and 
well on 160 meters. 

Along this line, Ivan's newsletter 
describes a simple 160-meter DX an-
tenna, sketched in fig. 1, used at 
VS5RP by Bob Parkes (P29BR). Basi-
cally, it's a short, vertical antenna top-
loaded by a single wire and inductively 
coupled by a toroid transformer to a 
coax line. 

Bob recommends using from 25 to 
40 radials. In his particular location, 
taking ground resistance into effect, he 
estimates the antenna's efficiency to 
be about 40 percent. 

With regard to the radials few 
Amateurs can lay out 135-foot 
(40.7-meter) quarter-wavelength, 
160-meter radials. The solution is to 
simply do the best you can. Several 
ground rods at the antenna feedpoint 
are useful, as well as a square of 1-inch 
(2.54 cm) mesh chicken wire laid on 
the ground. Dennis Peterson, N7CKD, 
uses a 30-foot square of chicken wire 
for a 160-meter ground screen plus 
other random ground connections to 
a metal fence. 

The Canadian Top Band News also 
points out that long-path openings 
occur on the 160-meter band, citing 
the contact between AA1K (Delaware) 
and YB5AES (Indonesia) at 2205Z in 

October, 1984, as well as the contact 
between VE1ZZ (Nova Scotia) and 
9M2AX (Malaysia) at 2323Z in Janu-
ary, 1985. 

Finally, it should be pointed out that 
there's a 160-meter net active on Sat-
urdays at 1600Z on 14.260 MHz and 
also on Tuesdays and Thursdays on 
1840 kHz at 0400Z. DX and antennas 
are the main topics of conversation. 

Speaking of antennas. . . 

a very compact antenna 
for 160 meters 

You can't get a full-size dipole up on 
160 meters? You have a poor ground? 
You can't make a low resistance 
ground connection? Join the club! 
Most Amateurs have one or more of 
these problems. Unless you live in the 
middle of a large salt marsh, you're 
going to have to make compromises 
in your "top band" antenna system. 

Some lucky Amateurs have enough 
space to squeeze in a large vertical 
antenna and lay out a number of radi-
als. And others can erect loaded di-
poles, or some form of Marconi anten-
na with a good ground system. But 
what about the rest of us? 

A friend of mine wanted to get on 
160 meters. He had about 55 x 25 feet 
(16.76 x7.61 meters) in his backyard 
to work with, and his ground was ter-
rible — rocky, sandy soil. 

The only simple solution I saw was 
to erect a highly-loaded dipole antenna 
about 50 feet (15.2 meters) long. That 
would fit in the available space, and 
the dipole doesn't rely upon a ground 
connection to function properly. Such 
an antenna is shown in fig. 2. 

The design is based upon a readily 
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• 109 
• 40 

COAX 

TO STATION 

fig. 1. 160-meter antenna at VS5RP. L1, 28 turns No. 14 enamel; L2, 20 turns No. 14 
enamel. Both L1 and L2are wound on a 2-inch (5.08 cm) toroid,/t = 10 (Amidon T-200-2 
or equivalent). Vary turns of L2 for best match. 

ANTENNA WIRE 

—WOOD DOWEL THROUGH 
COIL CENTER 

L1 232 »H Barker & Wllllemaon 1616 
L2 2 pH, 22 turns, 1/2 Inch diameter, 

8 turns per Inch 

I 

•COAX TO STATION 

T 
fig. 2. Assembly data for 160-meter "mini-dipole." 

available, high efficiency loading coil: 
the Barker & Williamson* 1616 induc-
tor. This coil is air-wound, 2 inches 
(5.08 cm) in a diameter and 10 inches 
(25.4 cm) long. It has 16 turns per inch 

"Barker & Williamson, 10 Canal Street. Bristol, Penn-
sylvania 19007. 

of tinned copper wire. (It's also avail-
able with Formvar® coated wire, which 
should provide somewhat better effi-
ciency than the tin plating when the 
coil is used in antenna service.) 

Two of these ready-wound coils are 
used in this antenna, one in the mid-
dle of each leg. Since the coils are 

somewhat fragile, they're supported 
on an insulator made of a wood dowel 
rod cut to the same length as the coil. 
The ends of the antenna wires are 
passed through small holes drilled in 
the dowel, removing tension from the 
concentric coil. 

The radiation resistance of the an-
tenna is about 3 ohms, but the feed-
point resistance is close to 20 ohms, 
due to the loss of the coils. This results 
in an antenna efficiency of about 13 
percent. This may make purists who 
have experienced little loss in their 
high-frequency antennas shudder, but 
the 160-meter band is a different mat-
ter and most of the small antennas 
used by Amateurs on this band exhibit 
a comparable degree of efficiency. The 
radiated signal, then, is about 8 dB 
down from that of a 100 percent effi-
cient antenna (a dipole, for example). 

A simple matching coil is placed at 
the center of the antenna to match it 
to a 50-ohm coax line. When properly 
adjusted, the antenna has a bandwidth 
of about 25 kHz between the 2:1 SWR 
points on the feedline. 

antenna adjustment 
The first step after building the 

antenna is to sling it up between two 
temporary points, allowing it to sag 
down until the center feedpoint can be 
safely reached from the top of a step 
ladder. The halves of the antenna are 
shunted with a two or three-turn link 
coupled to a dip oscillator. The reso-
nant frequency of the antenna is care-
fully measured (with the aid of a cali-
brated receiver) and the antenna tip 
sections trimmed equally, a few inches 
at a time, until the antenna is resonant 
at your design frequency. (This one 
was cut for 1820 kHz.) 

The pickup coil is removed and an-
other coil is installed for matching to 
the coax feedline. The antenna is 
erected in its final operating position. 
The number of turns in the matching 
coil is then adjusted until unity SWR 
is obtained at some frequency near the 
design frequency. You'll find that the 
presence of the coil tends to detune 
the antenna a bit, and by the time 
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you've achieved a good match, the 
resonant frequency of the antenna will 
have moved. 

The final step is to readjust the tip 
sections equally until the resonant fre-
quency is back where you want it. 

The whole process sounds tedious, 
but it's really not. The experimental 
antenna was built at an easy pace over 
one weekend and all adjustments were 
made during one morning of the fol-
lowing weekend. 

And the antenna works fine! 
Granted, bandwidth of operation is 
restricted and antenna efficiency is 
low. However, running 150 watts in-
put, contacts across the continent 
have been made on the band and, un-
less attention is drawn to the unusual 
antenna, most operators "on the other 
end" will assume you have a full-size 
dipole, judging from the reports my 
friend has received with his little 
antenna. 

using an antenna tuner 
Smart 160-meter operators know 

that a narrow-band antenna such as 
this compact dipole can be "pulled" in 
frequency by using an antenna tuner at 
the station end of the coax feedline. 
The very high off-resonance SWR ex-
hibited by the antenna can be reduced 
to an acceptable value by the tuner. 
Experiments have shown that the an-
tenna, with a simple tuner, permits 
operation over 100 kHz of the 160-
meter band., And that's not bad for 
such a midget! 

keep TV I to a minimum! 
Two words of caution on this famil-

iar topic: try not to run the antenna 
parallel to the house wiring system. It's 
easy to couple power from any 160-
meter antenna into the house electrical 
wiring, but doing this can cause TVI, 
RFI, and other undesired reactions. In 
addition, since the coil loss of the 
antenna is high, don't try to run a lot 
of power into it. A good limiting figure 
for this antenna is 150 watts, so it will 
work OK with your exciter, but you'll 
burn up your antenna coils if you run 
your linear amplifier into it. 

fig. 3. RF lighting device emissions (cour-
tesy Broadcast Engineering). 

I understand Barker & Williamson 
can supply coils with LEXAN® insula-
tion instead of cellulose acetate or 
plexiglass. The extra cost of LEXAN is 
justified because it's impervious to the 
ultra-violet radiation from the sun that 
quickly destroys the plastic supports in 
the regular coils. A LEXAN-insulated 
coil wound with Formvar-coated wire 
sounds like the ideal inductor for any 
long-life loading coil exposed to the 
weather. 

the RF light bulb 
In my June, 1984, column I men-

tioned the possibility of RFI from the 
next generation of light bulbs. Al-
though the subject lay dormant for 
months, the threat is real. In a recent 
issue of Broadcast Engineering, M.C. 
Rau, of the National Association of 
Broadcasters, wrote: 

The pending introduction of RF 
lighting technology will significantly 
cut energy costs, by replacing the 
ubiquitous incandescent light bulb 
with RF devices. Unfortunately, many 
RF lighting devices emit energy at AM 
broadcast frequencies, both over the 
air and through the power line [fig. 3]. 
A current FCC Notice of Inquiry is ex-
ploring the issues of lighting, the need 
for regulation of such equipment, and 
interference protections to be provided 
to the AM radio service. 

If RF lighting significantly increases 
interference over existing devices, 

NAB should act to ensure that the FCC 
adopts regulations carefully designed 
to protect the AM radio serviced 

Well said! But a glance at the right-
hand portion of the plot of fig. 3 
shows that RF emissions continue well 
above 1600 kHz, into the HF spectrum 
and probably the 160-meter and 80-
meter Amateur bands. 

It would be well for some enterpris-
ing Radio Amateurs who have appro-
priate facilities at hand to examine RF 
light bulbs, to see what problems they 
produce in the HF spectrum. NAB is 
doing a good job — as far as they go 
— but they have little interest above 
1600 kHz. A word to the wise. . . 

the 2-meter EME directory 
I have additional copies of the 

16-page 144 MHz EME Directory of 
active "moonbounce" participants 
compiled by Lance Collister, 
WA1JXN. You can obtain a copy by 
sending four first-class postage stamps 
(or four IRCs) to me at EIMAC, 301 
Industrial Way, San Carlos, California 
94070. (Don't send an envelope — we 
have oversize ones especially for this 
directory.) 

reference 
1, Michael A. Rau, "Charting a Course for A . M . Im-
provement , " Broadcast Engineering, April, T985. 

ham radio 

short circuit 
tapered vertical 

A misplaced parenthesis in "Calcu-
lating the Impedance of a Tapered 
Vertical" (K30QF, August 1985, page 
25) resulted in an incorrect calculation 
in eq. 1. The corrected equation 
should read as follows: 

Z0 = 60to(f) < M>ih' ,)-•"[ D 

Upon substituting values on page 26, 
Step 1 

'-o - \ j 5 ) 

All the other formulas and evaluations 
are correct. (TNX N6DH - Ed.) 
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transmission lines 
When I first started this column 
almost two years ago, I made a list of 
the most important subjects that VHF/ 
UHF/SHFers talk about. One was 
transmission lines, a subject I've only 
passively addressed in prior columns. 
Since I'm often asked to suggest 
a transmission line to someone, I 
thought this would be a good time to 
review the whole gamut of transmis-
sion line characteristics. Tradeoffs and 
data is presented so that you can 
select the optimum transmission lines 
for your applications. 

Transmission line losses can be just 
as important as antenna gain, especial-
ly to the VHF/UHF/SHFer. If the same 
transmission line is used for both the 
receiver and transmitter, each dB of 
loss reduces the system capabilities by 
2 dB (1 dB on receive sensitivity and 
1 dB on transmitted power). 

Often an antenna mounted preampli-
fier is used, especially on EME, to cir-
cumvent the received signal loss. This 
can be a costly and complex solution 
that helps only on the received signal. 

transmission line types 
There are many types of trans-

mission lines. The most common are 
coaxial cable and balanced line on the 
lower VHF/UHF frequencies and wave-
guide on the SHF frequencies. Micro-
strip and stripline are types frequently 
used in low power and receiver type 
circuits. Lesser known or used types 
are the "G" line and Yagi types. 

transmission line 
characteristics 

Everyone knows that the purpose of 
a transmission line is to transfer power 
from one place to another. But most 
forget that a transmission line is 
nothing more than a low-pass filter. 

Figure 1A shows the equivalent cir-

x ^ x ^ x ^ x 

fig. 1. Representative circuits for a trans-
mission line: (a) balanced line and lb) un-
balanced, such as coaxial line. 

cuit of a balanced line, while fig. 1B 
shows the same for an unbalanced 
line. If the values of L and C are 
known, the impedance can be deter-
mined as follows: 

Z = (1) 

where Z is the characteristic im-
pedance and L and C are the induc-
tance in henries and capacitance in 
farads per unit length, respectively, of 
the transmission line. For example, if 
the L is 73 nanohenries and the capaci-
tance is 29 pF for the same unit length 
(12 inches or 30.5 cm), the character-
istic impedance is approximately 50 
ohms. Terminating this line in 50 ohms 
will yield a 1:1 VSWR. 

parallel balanced lines 
This type of transmission line is 

often referred to as open wire or twin-
lead (fig. 2A). Well known and widely 
used in the past, it's seldom used nowa-
days except in stacking harnesses.1 

Open wire lines are usually inexpensive 
to make or purchase. Also, if properly 
constructed, the insertion loss is usual-
ly quite low. 

The impedance of an open wire line 
is a function of the spacing of the 
wires, the dielectric between them. 

and the diameter of the conductors. 
The correct formula for determining 
the impedance of a symmetrical open 
wire line with air as a dielectric is: 

b Z0 = 120 cosh-1 (2) 

where a is the diameter of the conduc-
tors and b is the center-to-center spac-
ing of the conductors in the same unit 
of measure as a (fig. 2A). 

However, if the spacing is much 
greater than the conductor diameter 
(the usual case), a simpler formula can 
be used: 

Z0 = 276 log/o 2b (3) 

From these formulas it is obvious 
that the most practical impedances are 
between 200-600 ohms. To prevent 
feedline radiation, the spacing should 
not exceed 0.05 wavelength at the fre-
quency of operation. Despite rumors 
to the contrary, open wire lines do not 
radiate power even when the VSWR 
is high if the lines are properly con-
structed and kept well balanced. 

On the negative side, balanced lines 
must be kept as straight as possible 
and away from nearby objects. Bends 
should be gradual, typically less than 
45 degrees, and other adjacent lines or 
objects should be at least 2 to 3 times 
the width of the line away. This is a 
practical problem when multiple anten-
nas or transmission lines are present 
and especially if a rotator is involved. 
Furthermore, open wire lines are often 
affected by moisture and insulator 
contamination, especially if the VSWR 
is high on the line. Therefore, the 
number of insulators should be kept at 
a minimum commensurate with main-
taining proper spacing. 

Twin lead is an acceptable type of 
balanced transmission line, but be-
cause it has a dielectric, it's typically 
lossier than open wire line. And unless 
you use the heavy duty type (such as 
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fig. 2. Typical transmission lines and 
their important dimensional parameters: 
(a) open wire line; U>) coaxial line; (cl rec-
tangular waveguide; (rfl circular wave-
guide; (s) elliptical waveguide; (fl strip-
line; \g\ microstrip; (A) G line; (/) Yagi 
line. 

K200), the power handling capability 
can be moderate to low. Furthermore, 
twin lead is often more affected by 
moisture than open wire line since it 
has a larger surface area. 

coaxial transmission lines 
Because of these problems with 

balanced lines, coaxial cable — in 
plentiful supply and in so many 
varieties — has become very popular. 
It can usually be bent and placed 
directly alongside other lines without 
the degradation associated with open 
wire or twin lead. The availability of 
accurate coaxial types of V S W R and 
power meters has further contributed 
to the use of this type of line. 

Coaxial cables are often referred to 
as TEM (transverse electromagnetic) 
structures. They are an unbalanced 
type of transmission line. The impe-
dance is a function of the dielectric as 
well as the ratio between the inside 
diameter of the outer conductor and 

the outside diameter of the inner con-
ductor (fig. 2B). The impedance for an 
air dielectric coaxial transmission line 
can be readily calculated using the 
following equation: 

Z0 = 138 logjo b
a (4) 

where a is the outside diameter of the 
inner conductor and b is the inside 
diameter of the outer conductor in the 
same units of measurement (fig. 2B). 
For example, if the inner conductor 
diameter is 0.25 inch (6.35 mm) and 
the inside diameter of the outer con-
ductor is 0.572 inch (14.6 mm), the 
characteristic impedance of the line 
will be approximately 50 ohms. 

As with the spacing of the open wire 
line, the inside diameter of the outer 
conductor limits the upper frequency 
of operation. Roughly speaking, the 
upper frequency limit of a coaxial 
cable, the point at which other modes 
will propagate, is reached when the 
circumference of the inner diameter of 
the outer conductor is greater than 
approximately 1 wavelength at the fre-
quency of interest. 

waveguide 
There was a time when waveguide 

was used as low as 200 MHz! It is by 
far the lowest-loss type of transmission 
line but is very costly and physically 
large below SHF. Waveguide can be 
either rectangular, circular, or elliptical 
(figs. 2C, D, and E). 

Although the rectangular type is the 
most common, it's difficult to work 
with and often is referred to as 
"plumbing." The most common rec-
tangular waveguide is used in the 
dominant or TE 1,0 mode.2 It's usual-
ly twice as wide as high and covers 
only about an octave in frequency. The 
width would be about 1 /2 wavelength 
at the lowest usable frequency. 

Elliptical semi-rigid waveguide is 
becoming more popular especially on 
microwave links since it can be moder-
ately bent without distorting the char-
acteristics. Circular waveguide is usual-
ly used in the below cutoff mode. It's 
very often found in precision attenu-
ators and on the air outlets of high-
power vacuum tube transmitters.3 

Nowadays, coaxial cables are over-
taking the use of waveguide as high as 
26 GHz primarily because they're easier 
to work with. For those more inter-
ested in waveguides, reference 2 or any 
waveguide manual is recommended. 

strip transmission lines 
Microstrip and striplines are becom-

ing very popular especially in receiver 
circuits. Often they are improperly 
identified by Amateurs. The true strip-
line is configured like a sandwich (fig. 
2F). Note that it has a top and bottom, 
so essentially it is completely shielded. 

Microstrip is by far the most com-
mon type of printed transmission line 
and is like an open-faced sandwich 
(fig. 2G). The field is not constricted 
to just the region between the strip and 
the substrate. Some field lines exist 
from the top of the strip to the sub-
strate. Hence it is somewhat more dif-
ficult to design if there are tuned lines 
or adjacent circuitry. Other strip type 
of transmission line variations such as 
suspended substrate are also used, but 
they are beyond the scope of this 
month's column. 

lesser known 
transmission lines 

Up to this time I have been concen-
trating on the more popular types of 
transmission lines. The " G " line (fig. 
2H) is a frequently overlooked trans-
mission line that has some very inter-
esting properties.*5 8 Originally called 
a surface wave transmission line, it 
was later named after its inventor, the 
late Dr. Georg Goubau, who design-
ed the first such line in 1950. It resem-
bles the "string telephones" that many 
of us made and used when we were 
children. 

This type of transmission line oper-
ates in the TE mode. The launcher is 
like a large cone. The incoming line, 
usually a 50-ohm line, is impedance 
matched at each end to a single wire 
that travels the full length of the 
transmission line, primarily in the 
magnetic field. 

If the wave is properly matched into 
the launcher at the input end, it will 
travel along the single wire to the com-
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plimentary launcher at the opposite 
end. The attenuation will be extremely 
low provided that the launcher is prop-
erly fabricated, the impedance is 
matched and the correct wire is used. 

Recently I had a chat with Warren 
Weldon W5DFU, who has done ex-
tensive work on a 23-cm tropo installa-
tion using this type of line.7 He told 
me that the lowest loss line he con-
structed used No. 14 AWG (0.062 inch 
or 1.6 mm) Teflon™ covered 0.015 
inch (0.38 mm) stranded wire that had 
only 1.2 dB per 100 feet (30.5 meters) 
of insertion loss at 23 cm! For those 
who can't afford expensive transmis-
sion lines on the UHF/SHF bands, this 
could be a real breakthrough. 

At the ARRL National Convention in 
San Jose, California in 1965, Dr. 
Donald K. Reynolds, K7DBA, de-
scribed a most interesting transmission 
line (fig. 21). It consisted of a Yagi-like 
structure analagous to the slow wave 
portion of a conventional long Yagi 
antenna. He indicated that if the proper 
spacing and element length were 
chosen (I believe he used 1/8 inch or 
3.2 mm diameter wires approximately 
0.4 wavelength long and spaced about 
0.4 wavelength) that the line loss 
would be very low. He used a piece of 
flexible fiberglass to hold the rods. Al-
though this type of structure could be 
frequency sensitive, it could have great 
potential, especially on monoband 
setups. 

coaxial cable characteristics 
So far in this column I've been talk-

ing in generalities, emphasizing that 
the coaxial cable type of transmission 
line is by far the most popular type at 
this time. Because this is true, I'll 
devote the rest of this column detailing 
other important things we should also 
know before we can select the opti-
mum coaxial cable for our installations. 

One of the first things that comes to 
mind is the dielectric. Typically speak-
ing, air is the best dielectric because 
it has the lowest loss. However, this 
can be misleading. This is true only if 
the air is dry. Any moisture present will 
increase the loss dramatically. 

One of the earliest coaxial cables 

was RG-8, which I believe was devel-
oped for radar installations during 
World War II. It turned out to have an 
impedance of 52 ohms. One of the ad-
vantages of a solid dielectric is that it 
is not likely to be affected by moisture. 

The early dielectrics were principal-
ly made of polyethylene. Later the 
losses were decreased by using dif-
ferent types of foam. Some of the 
modern foams are almost as low-loss 
as air. But foam is not without its prob-
lems. Since it is usually softer than 
standard polyethylene, it can deform 
and even "cold flow." This is par-
ticularly true of Belden 8214 50-ohm 
line, so if you're using this type of line, 
don't bend it too sharply. 

While on that subject, most coaxial 
cables have a minimum bend radius 
that should not be exceeded. It can be 
found on the manufacturers' data 
sheet, but as a rule of thumb, never 
bend a coaxial cable less than five and 
better yet ten times the cable diameter. 
For RG-8 type this would be approxi-
mately 2 to 14 inches (15 to 10 cm). 

Some coaxial transmission lines are 
much better for bending. Rigid lines 
such as waveguides are not readily 
bendable. Don't be misled by the term 
"semirigid," because this type of cable 
is often very stiff and can usually be 
bent only once. Subsequent bends 
may break the outer shield. Generally 
the cable suitable for the jumper 
around a rotator are the ones that use 
a dielectric and braided shield such as 
RG-8/U and RG-213/U (more on this 
later). 

attenuation and power 
Probably the most important para-

meters when selecting a transmission 
line are insertion loss and power 
rating. Several factors affect these 
parameters, including impedance, size, 
dielectric, conductor material, and fre-
quency of interest. 

It is well known that the insertion 
loss of a transmission line is affected 
by the characteristic impedance. The 
lowest loss per unit length is between 
180-220 ohms for open wire line, 70-75 
ohms for microstrip and 75-80 ohms 
for coaxial cables. Coaxial transmis-

fig. 3. Some of the important parameters 
of a coaxial transmission line versus im-
pedance such as attenuation, power 
handling, and voltage breakdown 
(adapted from reference 2). 

sion line loss versus impedance is 
shown in fig. 3. This is the princi-
pal reason the CATV industry uses 
75-ohm impedances. 

Why isn't 75 ohms the Amateur 
standard, too? Well, there are other 
properties of coaxial transmission lines 
that also must be considered: power 
handling and voltage breakdown, for 
example. Note on fig. 3 that the best 
power handling occurs in the vicinity 
of 30 ohms, while the best breakdown 
voltage is around 60 ohms. Hence the 
American standard of 50 ohms, a com-
promise between power and attenua-
tion. (In some parts of Europe 60 ohms 
is the standard. Fifty ohms, however, 
is now becoming quite universally ac-
cepted, mainly because of all the test 
equipment and coaxial connectors 
available at that impedance.) 

Material and size are also important: 
copper is the lowest-loss conductor; 
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fig. 4. Attenuation versus frequency for 100 feet I30.5 meters) of some representative 
transmission lines. (See text for using this graph for other types of transmission line.) 

aluminum has a higher loss but it is 
often used to minimize weight and 
cost. Frequently a copper-plated 
aluminum center conductor — such as 
found in the CATV industry — is used. 
The larger its physical size (as long as 
you don't exceed the cutoff frequen-
cy previously mentioned), the lower 
the loss and the higher the power 
handling capability. No wonder broad-
cast stations use such large trans-
mission lines! 

Coaxial transmission lines use many 
types of dielectrics. Using air as a die-
lectric can be an expensive proposition 
that often requires special connectors 
and a nitrogen pump to keep the air 
purged and hence non-contaminated. 

Teflon™ dielectric cables such as the 
0.141 numbered types of microwave 
semirigid coax are often used by 
Amateurs.8 Recently RG-141/U and 
similar Telfon™ types of coaxial cable 
have become popular in situations 
where high power is required on a 
small diameter toroidal balun and on 
VHF/UHFantennas where a 1/2 wave-
length balun is used.9 

Modern foams are very low-loss 
dielectrics. This is particularly evident 
in the Belden 8214 and the newer 9914 
RG-8 types of coax. The Andrew Cor-
poration has introduced a dielectric 
called LDF (low dielectric foam) that 
rivals the loss of air lines. I'm sure that 
improvements will continue to be 
made as the requirements for smaller 
and lower loss coaxial cables increases. 

Without a doubt, the most impor-
tant question Amateurs are constant-
ly asking is "Which coax is best?" This 
isn't an easy question to answer. 

In order to help you decide, I pre-
pared table 1. It lists most of the 
popular coaxial cables used by VHF/ 
UHF Amateurs along with velocity 
factors. Insertion loss per 100 feet 
(30.5 meters) and maximum power 
ratings at 100 and 1000 MHz are also 
listed. These are manufacturers' typi-
cal ratings. A new coaxial cable in 
good condition should have an inser-
tion loss that is equal to or less 
(but not much less!) than the figures 
shown. 

You may ask what good the infor-

mation is since it's specified only at 100 
and 1000 MHz rather than on Amateur 
bands. Fortunately insertion loss in-
creases at a somewhat logarithmic fac-
tor. To find the approximate insertion 
loss at a higher frequency for 100 feet 
(30.5 meters) of coaxial line, use the 
following straightforward equation: 

I.L. = A / IK (5) 
V FL 

where I.L. is the actual insertion loss 
in dB, A is the attenuation in dB at the 
reference frequency (100 MHz in this 
case), Fyj is the higher desired fre-
quency and FL is the lower or refer-
ence frequency (100 MHz). Total inser-
tion loss per foot/meter is linear, so if 
you have half as much coaxial cable, 
the loss will be half that shown. 

For example, if we want to deter-
mine the loss of 100 feet (30.5 meters) 
of RG-8/U coax at 432 MHz using eq. 
5, it will calculate to be approximately 
4.6 dB. (See fig. 4 which relates inser-
tion loss to frequency. A few represen-
tative coaxial cables are included.) If 
you know the loss of any coaxial cable 
at a specific frequency, all you have to 
do is place a dot on the graph where 
the frequency and loss are known. 
Then draw a line through the dot. 

parallel to the lines already shown. You 
now can determine the approximate 
loss at the frequency of your choice 
without any calculations at all. 

Power handling is a more subjective 
rating, related to heating and break-
down. The rating can be approximated 
using the following equation: 

" - VF 161 

where P x is the power rating at the 
desired frequency, P is the rating at a 
known low frequency, F L and F H is 
the desired higher frequency. For ex-
ample, if we use the above example for 
RG-8/U, the power rating will be 
approximately 410 watts at 432 MHz. 
How many of you are exceeding this 
power level on 432 MHz? 

Figure S shows power rating versus 
frequency for a few representative 
transmission lines. If you have a 
known power rating for another trans-
mission line at a particular frequency, 
mark it on the graph, draw a line 
through the mark and parallel to those 
already shown, then read off the 
ratings at the desired frequency. 

trade names 
Some commercial transmission line 
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fig. S. Power handling versus frequency for some representative transmission lines. 
(See text for using this graph for other types of transmission line.) 

trade names are quite popular and 
often misused. The most common are 
Alumifoam™ and Heliax™. Alumifoam 
(often referred to as hardline) refers to 
a coaxial cable with a seamless alumi-
num outer shield and a low-loss foamed 
polyethylene dielectric. This type of 
feedline is quite common, especially in 
CATV systems. 

Heliax is the trademark of the 
Andrew Corporation. In its early days, 
it resembled a helical or spiral corru-
gated outer shield, usually made of 
copper. The inner dielectric was either 
air or foam polyethylene and the center 
conductor was usually a copper wire 
or tubing. 

In recent years the Andrew Corpora-
tion redesigned the foam type of 
Heliax and now uses an "annular" or 
concentric ring type of corrugation. 
This construction technique is sup-
posedly less prone to moisture damage, 
since water seeping into the feedline 
would have more difficulty traveling 
down its walls than it would in the 
helical form of construction. 

More recently the Andrew Corpora-
tion introduced an aluminum outer 
shield coax similar to the annular con-
structed line, but lower in cost and 
aimed mainly at the TVRO market. 
However, it has higher insertion loss 
than the standard copper shielded LDF 
types. 

other mechanical 
considerations 

The most common coaxial trans-
mission lines are the braided and the 
solid shield. As suppliers have tried to 
lower costs, however, the number of 
strands in the braid has decreased 
remarkedly; as this decreases, so does 
the strength of the connection at the 
connector, resulting in increased in-
sertion losses and decreasing shield 
effectiveness. At the same time, some 
of the better shielded types such as 
RG-214 have been priced right out of 
the Amateur market. In an attempt to 
offset these problems, some suppliers 
have introduced foil shielding, usually 
backed up by a few small strands of 
wire; although these changes are quite 

worthwhile, the shields are often hard 
to secure properly. 

As mentioned before, flexible types 
of lines are recommended wherever 
bending or movement, such as around 
a rotator, are expected. Although 
these types usually have higher in-
sertion loss, the Andrew Corporation 
has developed a special type of line 
called Superflexible Heliax,™ which 
has half the insertion loss of RG-8 or 
RG-213. In addition to the corrugated 
outer conductor, it has a stranded 
center conductor. 

M o s t t r a n s m i s s i o n l ines c a n b e 

buried without fear of water entry if 
they're free from nicks or holes in the 
outer sheath. The best types to bury 
are those that have a non-metallic 
outer protective jacket. 

There's always the problem of get-
ting the transmission lines into the 
shack. I use an ordinary clothes dryer 
vent and pass the feedlines right on 
through, stuffing an old rag into the 
rear of the vent to keep out rodents 
and lessen air flow. 

Finally, there's the age-old question 
of contaminating versus non-contami-
nating jackets used on the typical 
polyethylene coaxial cables. Most 
RG-8 coax uses a contaminating jacket 

while RG-213/U doesn't. Avoid the 
contaminating types of jackets at all 
cost. They're often slightly cheaper 
cables, but are not MIL SPEC. They 
start to deteriorate immediately, with 
sharp increases in insertion loss that 
can become disastrous in a few years. 
If you're not sure, don't buy it. If it's 
cheap, it's probably the contaminating 
type. 

connectors 
Unfortunately, time and space will 

permit only a short discussion on this 
s u b j e c t . I prefer t y p e " N " c o n n e c t o r s 

because they exhibit a good VSWR 
and reasonable power handling capa-
bility up to 500 MHz. UHF connectors 
should be avoided at all cost, especially 
above 150 MHz. Not only are they 
poor on VSWR, but they often let in 
moisture. 

Hardline and Heliax types of coax-
ial cable require special connectors 
that are usually rather expensive but 
are necessary to preserve both the 
VSWR and integrity of the connection. 
This is particularly true of the air dielec-
tric types. Failure to use the proper 
connector could allow moisture to 
enter and literally destroy the transmis-
sion line. Anyhow, why fight it? If 
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table 1. Typical characteristics of the most commonly used transmission lines by Amateur VHF/UHF/SHF'ers. 
Unless otherwise shown, all are 50 ohm types. 

insertion loss in dB 
per 100 feet (30.5 meters) power handling 

(see note 1) in watts velocity of 
cable type 100 MHz 1000 MHz 100 MHz 1000 MHz propagation 

RG-58C/U 4.90 20.0 170 44 0.659 
0.141 semirigid 3.60 11.6 2200 600 0.750 
RG-8 /U (note 2) 2.20 9.0 850 190 0.659 
RG-213/U 2.20 9.0 850 190 0.659 
Belden 8214 1.80 7.0 950 215 0.780 
Belden 9914 1.60 6.0 1000» 250* 0.780 
Belden 9913 1.40 4.5 1900 520 0.840 
1/2-inch (1.3-cml Heliax 

RG-268, RG-366/U 0.85 2.9 2200 570 0.790 
1/2-inch (1.3-cml Alumifoam 

RG-231/U, RG-331/U 0.82 3.1 2300 650 0.800 
RG-17/U 0.80 3.8 3200 560 0.659 
1/2-inch (1.3-cm) Air Heliax 0.80 2.7 2200 620 0.914 
1/2-inch (1.3-cm! LDF Heliax 0.72 2.4 1900 530 0.880 
7/8-inch (2.2 cm) Alumifoam 

RG-332/U, RG-333/U 0.55 2.3 4500 1250 0.800 
3/4-inch (1.9-cml ohm CATV 0.50 1.7 3300 950 0.800 
7/8-inch (2.2-cm) Heliax 

RG-323/U, RG-324 0.50 2.1 4700 1200 0.790 
1-inch (2.5 cm) 75-ohm CATV 0.40 1.4 4600 1200 0.800 
7/8-inch (2.2-cml LDF Heliax 0.39 1.4 5100 1400 0.890 
7/8-inch (2.2-cm! Air Heliax 0.38 1.4 6100 1900 0.916 
1-5/8-inch (4-cml Heliax 0.30 1.4 9300 2000 0.790 
1-5/8-inch (4-cm) LDF Heliax 0.23 0.9 14000 3500 0.880 
1-5/8-inch (4-cm) Air Heliax 0.21 0.7 15000 4000 0.921 

•Estimate. 
Note 1. These are approximate maximum loss numbers for good quality n m coax. In the case of air dielectric, these figures only apply if the cable 
is moisture free and is pressurized with dry air or nitrogen. 
Note 2. The RG-8/U produced in recent years may have higher loss than noted. 

you're using expensive line, use the 
proper connections and you won't lose 
what you've just gained! 

Belden 9913 coax is becoming quite 
popular. However, the connectors are 
just becoming available and are quite 
expensive. In the meantime, UG-21B 
or Kings 59-207 connectors are recom-
mended because they have an extra 
large and wide clamp that provides the 
necessary holding for the special foil 
and braid. In either case, the center pin 
of the connector has to be slightly en-
larged with a drill, or the center 
wire of the coax must be filed down 
slightly, to gain access. The latter is 
recommended. 

measurements 
Always test each transmission line 

properly before installation. It's much 
easier to do this on the ground than 

after installation on a tower! Testing 
should be done with a VSWR/ power 
meter such as the Bird Model 43 or 
equivalent. If you don't own one, plan 
to buy one and try to borrow one for 
the tests. 

First connect the line under test to 
a good dummy load. Then place the 
VSWR/power meter between the out-
put of a suitable transmitter and the 
transmission line to be tested. Next 
measure the VSWR looking into the 
line. It should be very low (typically 
less than 1.2:1 if the dummy load and 
the line are good). 

Now measure the power going into 
the line under test. Then bypass the 
meter and place it at the load and again 
read the power. The difference in in-
dicated power represents the insertion 
loss of the transmission line. If it's 
greater than the manufacturer's speci-

fications, don't install it until you find 
the problem. After all, you don't want 
a dummy load between the shack and 
the antenna system! 

Insertion loss always makes the 
VSWR of a load look better than it 
really is. In fact, a transmission line 
with a 10-dB insertion loss will indicate 
a 1.2:1 or better VSWR even if the line 
isn't terminated.10 

If your feedline is lossy, how can 
you properly evaluate the VSWR of 
the antenna at the other end? The 
answer is that you can't unless you 
know the exact line loss and can 
calculate backward to determine the 
true load VSWR as described in 
reference 10. 

Finally, if the VSWR on a trans-
mission line is high, there's an addi-
tional "mismatch loss" over and above 
the feedline insertion loss." General-
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ly, if the VSWR is less than 3:1 at the 
load and the transmission line insertion 
loss is 3 dB maximum, this additional 
loss will be less than 1 dB. But who 
want to throw away any more hard to 
obtain dBs? 

recommendations 
We're now ready to make the final 

selection for our transmission line. First 
review the comments made earlier in 
this article and then study table 1 and 
figs. 4 and S. If possible, try to obtain 
manufacturer's specifications. Most 
transmission line manufacturers have 
extensive catalogs with all kinds of in-
formation about their products. 

If a long transmission line is needed, 
a combination of types is permissible. 
For instance, hardline or Heliax can be 
used from the shack to the top of the 
tower and from the antenna down the 
mast joined around the rotator with a 
flexible type of line. Other combina-
tions are also acceptable providing that 
the overall insertion loss of the sytem 
is within reason. 

Power lost in transmission lines is 
gone forever. Although some installa-
tions use antenna-mounted preampli-
fers to lower the received signal loss, 
this does not make up for the trans-
mitted signal loss. After all, who needs 
to heat up Mother Nature? 

This brings up an important but 
subtle issue. A 3 dB insertion loss 
transmission line would require 3 dB 
more antenna gain to offset the loss. 
This would mean at least doubling the 
antenna size while halving beamwidth 
and probably more than doubling the 
wind load. This type of problem can 
usually be partially solved by using a 
larger, albeit more expensive, trans-
mission line. 

For example, at 432 MHz 100 feet 
(30.5 meters) of RG-8 or RG-213/U 
coax would have a loss of about 4.6 
dB, as mentioned earlier. Replacing 
such a line with the same length of 
7/8-inch (22-mm) hardline would lower 
the loss to 1.15 dB, a drop of almost 
3.5 dB! The total cost of this change 
would probably be only an additional 
$50.00, much less than the cost of in-
creasing the antenna gain by 3 dB! 

Don't be penny wise and pound 
foolish. Larger low-loss feedlines will 
pay handsome dividends and more 
than offset their initial cost by the 
performance gain. 

A further cost savings idea is sug-
gested. Many of us install one expen-
sive low-loss transmission line for 
UHF/SHF and place a remotely acti-
vated coaxial relay at the top of the 
tower. The number of antennas that 
can be accessed is only limited by the 
number of poles on the relay. 

Suitable relays are often found at flea 
markets at attractive prices ($25-50), 
especially if you count in the number 
of poles. In this configuration the 
actual cost of the transmission line and 
relay is divided by the number of an-
tennas that are accessible. For exam-
ple, even using only an ordinary two-
position coaxial relay effectively al-
most halves the cost of the transmis-
sion line per band without sacrificing 
performance! 

Talking to old timers can clue you 
into some of the problems inherent in 
the use of certain coaxial cables. 
RG-17 is such an example. On a long 
run (perhaps 100 feet or 30.5 meters), 
the coefficient of expansion of the 
inner conductor and the outer con-
ductor can be quite different. If the 
temperature rises or falls considerably, 
the center conductor may expand or 
contract more than the outer jacket. 
The net result can be a broken center 
pin at the interface when heated or a 
retracted center pin that breaks con-
tact during cold weather. Use an "LC" 
type connector since the standard N 
connector, a UG-167, tends to in-
crease the severity of this problem. 

If you opt to use CATV transmission 
line, proceed with caution; some 
75-ohm connectors are available, but 
the coaxial types are usually scarce. If 
you use this type of line, make an im-
pedance transformer at least at the 
shack end to get back to 50 ohms to 
match your VSWR meter, etc.12 And 
beware — CATV transmission line, 
especially the type that Amateurs 
usually obtain, is typically specified up 
to 350 MHz. Often the VSWR will go 
out of specification just above this 

frequency although it may improve at 
some higher frequency. Caveat 
emptor. Test it at the frequency of 
interest before you install it! 

I'll let you in on a secret. I often find 
and purchase 50-ohm hardline and 
Heliax at Amateur flea markets. Sure, 
the price may be higher (50 cents to 
a dollar per foot) than conventional 
transmission line and connectors more 
difficult to find (although sometimes 
they're included on the line), but look 
at the reduction in price from the 
manufacturer and the difference in 
performance! One line like this will give 
you at least 10 to 20 years of uninter-
rupted superior performance. Can the 
lower cost cable do this? I'll bet you'll 
spend more in the same period of time 
by replacing the cheaper brand every 
few years — without the performance 
advantage. 

summary 
I've covered plenty of miscellaneous 

material in this month's column. But 
a thorough understanding of the infor-
mation presented in the test, graphs, 
and table will give you most of the 
tools necessary to select the optimum 
cable for your requirements. 

So there you have it. Just remember 
that the primary guideline when selec-
ting a suitable transmission line is don't 
be penny wise and pound foolish. 
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PRACTICALLY SPEAKING 
repairing 
flood damage 

After four days of constant, 
heavy rains the river crested 11 feet 
above flood stage and overwhelmed 
the best efforts of hundreds of bone-
tired volunteers. Despite backbreak-
ing, heroic efforts, the sandbag wall at 
the edge of town gave way under the 
relentless pressure of the angry river. 

Over the next 24 hours the water at 
your home QTH rose, completely 
flooded the basement, and gushed in-
to the first floor to a height of 6 feet. 
Time was too precious to save any-
thing but the family — all else was left 
behind. As the waters receded, the 
governor called out the National Guard 
to prevent looting, and you returned 
to recover what you could. You found 
your rig all but ruined, still damp and 
covered with mud. 

Although most flood damage sce-
narios are not as dramatic as this one, 
we nonetheless hear of radio equip-
ment that has, for one reason or an-
other, taken a bath. Boating accidents, 
plumbing failures (Geel Was that plas-
tic pipe really running just above my 
radio set?) and a variety of other prob-
lems splash our rigs out of service. For-
tunately, if the insurance company 
pays off well enough, you can go out 
and buy a new rig. But if the insurance 
company refuses to pay — "Sorry... 
wind-driven water damage excluded 
. . ." — or if you don't have insurance, 
then you might want to take restora-
tive action yourself. Even if the in-
surance company does pay, you can 
usually buy the rig back from them for 
salvage value. One guy I know re-
ceived $325 for a two-year old trans-
ceiver and bought it back from the in-
surance company for $20. The com-
pany sent him a check for $305, and 
he kept the carcass. 

Some of the steps I'll recommend 

may sound a little bizarre to you in 
terms of safety and comfort, but make 
more sense when you're faced with 
the possible loss of an expensive piece 
of equipment. Some of the steps — 
especially those involving baking the 
moisture out or using chemicals to 
clean the rig — might actually cause 
a little damage that will also have to 
be repaired. If that makes you nervous, 
it may help to remember that you can-
not harm the radio any more: it's 
already a total loss\ Any restoration is, 
therefore, pure gravy. 

don't touch that dial! 
The first thing to do is refrain from 

turning the rig on, even for a brief test 
to see whether it will or won't work. 
Satisfy yourself right now that even a 
short dunk causes fatal damage! Still, 
the all-too-natural urge is to see 
whether your rig survived the flood...if 
it was immersed, then it didn't survive\ 

So if your rig has been under water, 
remove the covers and give it a bath. 

A bath? 
I once lived in a seaport town where 

saltwater damage to electronic equip-
ment was common. The shop where 
I worked part-time (while attending 
college) took in an $1800 UHF-FM taxi-
cab radiotelephone set that had been 
immersed the night before during a 
storm; it seems that the saltwater river 
tributary had overflowed its banks 
enough to cover the radio, mounted in 
the trunk well. The first thing the shop 
owner did was take the transceiver out 
to the parking lot and give it a ten-
minute shower with a garden hose. 
He'd lived in that town all his life, and 
had much experience with water-dam-
aged radio gear. 

(If the damage to your unit is due to 
saltwater, then do the cleaning job im-
mediately. Don't delay; the longer salt 
residue remains in the equipment, the 
greater the corrosion damage will be.) 

In some cases, it will be necessary 

to follow the shower with actual im-
mersion. A friend of mine uses a 25-
gallon tub, the kind you might use to 
bathe a large dog. In the tub, he mixes 
two to four quarts of a product like 
Lestoil, a small bottle (2 to 4 fluid 
ounces) of either fingernail polish 
remover or acetone (same stuff), and 
enough tap water to fill the tub all the 
way to the rim. He leaves the set in the 
bath for an hour, then pours out the 
solution and rinses the tub out thor-
oughly, refilling it with plain tap water. 
(Some people prefer to use distilled 
water, which is available in bottles in 
some areas). This second bath re-
moves any residue left by the chemi-
cals in the first bath. 

Note: this Lestoil/acetone bath may 
damage some plastics. If this worries 
you, then use plain soapy water. It 
isn't quite as effective as solvent, but 
it works somewhat. Keep in mind that 
the damage will usually not prevent the 
rig from operating, and most plastic 
pieces can be replaced anyway. The 
rig is already a total loss, so don't 
worry about trivial secondary damagel 

The next step is drying the unit out 
thoroughly. If you live in Arizona (yes, 
they have floods in the desert!), then 
simply leave the rig out in the sun for 
about a week. Everyone else will have 
to use some other method. The kitch-
en oven is a good bet, provided that 
it can be regulated to maintain a tem-
perature of 125 to 130 degrees Fahren-
heit (52-54 degrees Celsius). That 
range is low for a kitchen oven, and 
some ovens might not be able to re-
main that cool. Higher temperatures 
will dry the rig out faster, but will also 
melt some of the plastics used in the 
radio, so beware. The drying process 
takes several days — perhaps as long 
as a week. 

Another way is to build a cardboard 
(or other material) box and use several 
hundred watts of incandescent lamps 
to provide heat. Use a thermometer in-
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IIS VAC, SO-IOOW 

LAMP 

DISCONNECT 

SECONDARY 

BREAK HERE AND INSERT SECOND 
LAMP IF 220 VAC IS USEO 

fig. 1. Method for driving moisture out of a high-voltage transformer. 

side the enclosure to ensure that the 
130 degree "melt limit" is not exceed-
ed, and that the box doesn't catch fire. 
Again, as much as a week may be 
needed, although I have dried out a car 
radio that was dropped into fresh 
water (for a few minutes) in only one 
day. 

preventing secondary 
damage 

Now comes the big test! In some 
cases, the only way to test the equip-
ment is to turn it on and look for 
smoke. I prefer a more conservative 
approach that sneaks up on it one step 
at a time. First I disconnect the inter-
nal DC power supply; this can be abso-
lutely essential to the survival of the 
equipment being repaired, especially 
those with high voltage power sup-
plies, such as certain transceivers and 
most linear power amplifiers. 

Without connecting the rig to AC 
power, connect a bench power supply 
to the circuitry that was previously 
connected to the rig's internal power 
supply. It's essential to use a DC 
power supply that will provide the 
same voltage(s) as the original internal 
supply, and additionally (this is impor-
tant) has a current limiter control. The 
output voltage is set to the DC voltage 
normally supplied by the rig power 
supply, and the current limiter control 
is set for a short-circuit current only a 
little above the normal operating cur-
rent of the circuit under test. 

Why go to such trouble? Because 
you want to prevent secondary dam-
age. There's almost inevitably a short 
circuit or other condition that draws 
loads of current. If such a condition 
exists in the equipment, the internal 
power supply normally used will prob-
ably produce enough current to burn 
up components, printed wiring board 
tracks and other components. After 
the circuit is checked out, then we can 
check out the power supply and, if it's 
working, reconnect it. 

The low-voltage DC power supply 
should be checked out separately, 
especially if it uses a series-pass 
regulator — almost all do these days. 
If the regulator circuit is not working, 
then one possible fault allows the rec-
tifier output to be connected to the 
regulator output; this occurs when the 
series-pass transistor is either shorted 
or hard biased to full turn on. Since the 
rectifier voltage is always higher than 
the regulator output voltage, it can 
damage the circuits that were just pro-
nounced healthy. 

High voltage power supplies present 
special problems. Small amounts of 
moisture that are no problem in low 
voltage supplies will zap a high voltage 
supply into Never-Never Land. The 
special problem is the high-voltage 
transformer; extra drying may help, 
but if moisture has entered, then it 
may have to be replaced. Figure 1 
shows a method of drying a power 
transformer. A 115 volt AC lamp is 

placed in series with the primary of the 
high-voltage transformer. The current 
flow is sufficient to cause internal heat 
buildup, but not enough to zap the 
transformer if it is shorted. If the high-
voltage power supply uses a 220 VAC 
primary circuit, one lamp should be 
placed in series with each AC hot line 
(see fig. 1). 

Some remaining areas of concern, 
and probable damage, are those com-
ponents where moisture can enter and 
remain hidden. Candidates include 
trimmer capacitors, air variable capaci-
tors, IF and RF transformers, switches 
and potentiometers, paper capacitors, 
and electrolytic capacitors. 

On trimmer capacitors, we can open 
the capacitor up to the minimum 
capacitance position (with the screw 
all the way out) and apply heat from 
a hair dryer or incandescent lamp for 
10 or 15 minutes. Whether or not this 
step is necessary can be determined 
after the initial power-on test reveals 
a specific problem. Otherwise, you'll 
mess up the alignment of the rig for 
nothing. This step should not, there-
fore, be used merely as a matter of 
course, but only in response to a speci-
fic symptom. 

Similarly, air variable capacitors may 
have corroded contact wipers between 
the rotor and stator, and this will be 
apparent when the rig is turned on. 

Paper and electrolytic capacitors can 
absorb water, especially if they have 
a fiber or cardboard end cap. If the 
capacitor shows signs of being soggy, 
then replace it; capacitors are, after all, 
relatively inexpensive. 

If a lot of scum remains on the 
printed circuit board, then spray clean 
it with Freon TF or a similar product. 
Use a small paint brush or a piece of 
cheesecloth to help loosen the scum. 

Flood-damaged radios are often sal-
vageable. However strange these 
methods may sound, they've been 
used successfully by professional ser-
vice technicians for many years. 

If you have a question, let me know. 
While I can't guarantee a personal 
answer, I will attempt to answer as 
many of your questions as possible in 
this column. 

ham radio 
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PTFE* VHF antenna insulators 

Turn your own 
for best performance 

and appearance 

Several years ago I undertook a project that in-
volved the construction of a number of identical anten-
nas for 144 MHz and 432 MHz. Through-the-boom in-
sulated elements seemed to be the best method of 
construction, but I was not satisfied with the insulators 
available. Because I'm retired and have a fairly well 
equipped home machine shop, I decided to make my 
own. 

After experimenting with a variety of materials, and 
after many weeks of work, I finally discovered that 
Teflon™ had all the properties I was seeking but one 
— low price. Teflon possesses a happy combination 
of ductility and elasticity, which, when combined with 
its superior insulation property, makes it ideal for my 
purposes. When installed in the boom, it will lock itself 
to the boom with a friction fit on the element holding 
it firmly in place. 

The machine-made insulator is much faster and 
easier to make and install than the hand-made version. 
Its dimensions are shown in fig. 1; the body of the 
insulator, measuring 0.312 inch (0.79 cm) diameter at 
the shoulder, tapers about 0.005 inch (0.013 cm) 
toward the other end. They're made to fit 5/16 inch 
(0.794 cm) holes (through the boom) and 3/16 inch 
(0.476 cm) diameter elements. The hole through the 
center is 1 /8 inch (0.318 cm). When placed in the 5/16 
inch (0.794 cm) hole in the boom and expanded, the 
insulator forms an internal shoulder that locks it to the 
boom. 

lathe-turned insulators 
My first insulators were made from 3/8 inch (0.953 

cm) diameter Teflon rod. With the Teflon held in the 
headstock chuck, a hole was drilled through the center 
with a 5/32 inch (0.397 cm) inch drill. A series of cuts 
was made using a 3/16 inch (0.476 cm) wide chisel-

* Polytetralluorethylene 

type cutting tool, leaving a 5/16 inch (0.794 cm) inch 
diameter body and 1/16 x 3/8 inch (0.159 x 0.95 cm) 
shoulder. The machining was done with the drill bit 
remaining in the Teflon to support it and keep it rigid. 
The individual insulators were then cut apart with an 
Xacto™ knife held against the shoulder with the stock 
rotating in the lathe. In this manner I could make about 
eight insulators at one time. 

There was one problem, however. Because Teflon 
of this diameter is quite flexible, when the drill extends 
into the Teflon that lies beyond the support of the 
chuck jaws, it tends to "wander" and become eccen-

By George Chaney, W5JTL, 218 Katherine 
Drive, Vicksburg, Mississippi 39180 
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trie. At the time I was tapering the ends of the ele-
ments and simply driving them through the insulators, 
letting them expand in the boom. This approach 
worked quite well, and I still have some antennas in 
use that were assembled in this manner several years 
ago. I did not realize that Teflon would tolerate, with-
out fracture, the degree of expansion I later dis-
covered. Further research in my plastics supply catalog 
revealed that heavy-wall Teflon tubing is available (at 
almost double the price of the rod) in 3/8-inch OD and 
1/8-inch ID. I bought some, tried it, and have used 
it as my basic material since then. With no holes to 
drill, my production rate skyrocketed. What had been 
a chore now became a pleasure. 

The lathe configuration is illustrated in fig. 2. The 
heavy wall tubing is inserted through the chuck into 
the lathe spindle, extending approximately 2-1/2 
inches (5.127 cm) out of the chuck. To support the 
Teflon during machining, use 1/8 inch (0.3175 cm) 
diameter drill rod, held in the tailstock chuck. Insert 
it in the center hole of the teflon tubing all the way 
to the headstock chuck. The drill rod acts as a mandrel 
to support the Teflon during turning and cutting pro-
cesses, so there's no problem making ten insulators 
at one time. When finished they're simply removed 
from the mandrel, and the process is repeated. 

It's not necessary to measure the shoulders for 
thickness. An "eye-ball" 1/16 inch (0.16 cm) is 
satisfactory. But it is necessary to measure the body 
and produce the insulators uniformly. I use a dial indi-
cator caliper for this purpose. After turning a few, I 
take note of the cross-feed index. If I find that I'm get-
ting uniform production, I put on a cross-feed stop, 
adjust it so that the cutting tool feeds into the work 
to the proper depth and can go no further. Thereafter, 
the cross-feed is fed in until it stops; it is then with-
drawn, and the lathe carriage is moved forward 1 /4 
inch (0.635 cm). The process is repeated until the man-
drel is full of insulators. (A skilled operator could easi-
ly turn out 200, and perhaps 300, insulators per hour.) 

installation 

Insulators with a 1/8 inch (0.318 cm) center hole 
will require more than a slight taper of the element if 
the element is to be used for expansion. After much 
experimentation, I've concluded that a 6-degree in-
cluded angle (3 degrees each side of center) taper is 
about optimum. This would result in reduction of the 
element diameter of nearly 1 inch (2.54 cm) at each 
end, and could adversely affect the design resonance, 
particularly at 432 MHz and above. My first expansion 
tools were 0.188 inch (0.476 cm) in diameter and less 
tapered — perhaps only 8 or 10 degrees; these occa-
sionally produced sheared insulators. At the 1984 
Central States VHF (CCSVHF) Conference, Jan King, 
W3GEY, expressed an interest in obtaining some of 

(63.5mm) INTO PTFE 

TUBING 

fig. 2. Metal lathe set-up for production of insulators. 
The cutting tool (chisel-type, 3/16-inch, 0.4763 cm) wide 
is fed straight into the PTFE to reduce diameter to 0.312 
inch (0.792 cm). Shoulders are 1/16-inch 10.1588-cm) thick. 
(The drawing is expanded.) The clearance between the 
end of the Teflon and tail-stock chuck need not be more 
than 1/8-inch (0.3175 cm). After ten cuts have been made, 
insulators are separated by holding a sharp knife edge 
against the insulator "body" at the right-hand edge of 
each shoulder, with the work rotating in the lathe. 

SHANK 

, LEADtOPTIONAL) TAPER BOOM DIA +1/4" HEAD 

BOOM D!A +1/4" 
(6.35mm) 

(6.35mm) 

TAPER ANGLE'S' 

, : -i.... 

{-DIAMETER >0.125" ^-DIAMETER - 0.205" 

fig. 3. The expanding tool may be made of brass, bronze, 
aluminum, or steel. W5JTL uses a 1/4-inch (0.6350-cm) 
brazing rod. 

my insulators. I took him to my hotel room to give a 
demonstration of how to use them and — you guessed 
it — promptly sheared off a couple of them. Neverthe-
less, he left with a few hundred insulators and I came 
home and went back to the drawing board. I now 
make the expanding tools 0.205 inch (0.521 cm) in 
diameter, with a long taper. (These are illustrated in 
the drawings of fig. 3.) When withdrawn from the in-
sulator, the hole immediately shrinks to 0.175 to 0.180 
inch diameter and provides ample friction to hold the 
element. 

Two opposite side insulators may be installed in the 
boom at one time if the shank of the installing tool 
is long enough to go all the way through and the bot-
tom side insulator is supported until it is expanded. 
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A "lead" section on the expander helps in alignment, 
but is not necessary. A length of wood measuring 
approximately 2 x 4 x 12 inches (5.08 x 10.16 x 
30.48 cm) with a hole large enough to clear the ex-
pander, drilled about 3 inches (7.62 cm) deep [centered 
on the 2 inch (5.08 cm) side] is a valuable aid in insula-
tor and element installation. It provides support for the 
bottom insulator during this process. The boom is 
placed on the wood with the two opposite side insula-
tors in place. The expander is driven through both of 
them and extracted. The element — with the sharp 
corners at the end is rounded off 0.005 inch (0.013 cm) 
with a file or sandpaper — is then driven through un-
til it protrudes an inch or two on the opposite side. 
Inspect it from the bottom side to make sure that it's 
centered in the bottom insulator before driving it all 
the way through. Centering the elements in the boom 
is done after all have been installed. 

hand-made insulators 
If you're making a single antenna and want only a 

few dozen insulators, they can be made without a 
lathe. Unfortunately, the heavy wall tubing (and it's 
not available as a stock item with a center hole smaller 
than 1 /8 inch, or 0.318 cm) will not expand sufficiently 
to form its own shoulders and "stay put" when driv-
ing the elements through. Teflon rod of 5/16 inch 
(0.794 cm) diameter is readily available and is much 
less expensive than either 3/8 inch (0.953 cm) rod or 
tubing. All you have to do is drill a hole through the 
center of it and slice it off into individual insulators. 
This is easily done in a drill press. Place a short piece 
of straight metal rod 5/16 inch (0.794 cm) diameter 
in the drill press chuck. Put a drill press vise on the 
rod and tighten it with the rod in the vertical "vee" 
of the vise. You can now drill short pieces, up to about 
1-1 /2 inches (3.81 cm) long, through the center with 
sufficient accuracy for our purposes. Use a drill no 
larger than 3/32 inch (0.238 cm) and preferably 1/16 
inch (0.156 cm). Cut the individual insulators about 
5/16 inch (0.794 cm) long. 

Installation is somewhat similar to the lathe turned 
insulators, except that they must be put in "bottom 
side" first. The expanding tool must have a point small 
enough to enter the smaller hole. Since greater forces 
are required in this installation, better support of boom 
and insulator is necessary. The insulator should be 
"half in and half out" of the hole in the boom during 
expansion. To maintain things in this position, a relief 
hole for the insulator is provided by fixing a piece of 
flat thin gauge metal (1/16 inch, or 0.159 cm, alumi-
num is OK) to the wooden block before drilling the 
hole for the expander. Then put a piece of 1/8 inch 
(0.318 cm) thick aluminum, with a 3/8 inch (0.953 cm) 
diameter hole through it, over the other metal piece, 
with the 3/8 inch (0.953 cm) relief hole centered over 

the expander hole. It can be held in place with glue. 
Place the boom with insulator in place, on the wooden 
block and centered over the 3/8 inch (0.925 cm) relief 
hole. Insert the expander through the vacant top hole 
in the boom and drive it through the insulator, expan-
ding it. Withdraw the expander. Turn the boom over 
180 degrees with insulator in place in what is now the 
bottom side, insert the expander through the previous-
ly installed insulator, and drive it through. It's now 
ready for element installation, in the same manner as 
the lathe turned insulators. 

conclusion 
I've made and disposed of several thousand of these 

insulators. Every user I've heard from has expressed 
complete satisfaction. The material cost for the hand-
made insulators should be no more than 4 cents each, 
if quantity price of Teflon is obtained. I've made and 
will continue to make the machine-made variety avail-
able to VHFers at that price. 

Perhaps some one else can produce them more eco-
nomically. I claim no proprietary rights and invite 
anyone so inclined to produce them; I'll be glad to fur-
nish more detailed information to anyone wishing to 
produce them commercially. 

ham radio 

SATELUTE TELEVISION RECEIVER 
SEMIKIT 

with dual conversion downconverter 

F E A T U R E S : 
• Infrared remote control tuning 
• AFC, SAW filter 
• RF or video output 
• Stereo output 
• Polorator controls 
• LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

S E M I K I T $300.00 
Completed downconverter add 100.00 

Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 Nickel, San Pablo, CA 94806 ^ 159 Tel. 415-724-0587 
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DX 
E T A D H P A C T C D 
r U n C V / A o I C n 

sunspot cycle update 
It's time for a six-month update on 
the progress of the 11 -year solar cycle, 
and time for a look at what conditions 
might lie ahead. Could we be ap-
proaching the minimum? 

First, consider the sunspot number 
(SSN) itself. Since our last update,* a 
slight increase of about 10 S S N s 
appeared in May 1985 and continued 
into June and July before decreasing 
to the present level. 

One clue that indicates a S S N mini-
mum is close occurs when sunspots of 
the new cycle appear on the sun'sdisk. 
For about two years the new spots are 
seen simultaneously with the old cy-
cle's spots. This sighting of the new 
spots at high solar latitude, 30 to 35 
degrees, and of opposite polarity to 
those in that hemisphere, occurs about 
a year before the minimum. This had 
not yet happened as this issue went to 
press. 

Trends in the S S N 11-year cycle 
duration from minimum to minimum 
and the values of S S N at the minima 
are interesting to note. The cycles with 
higher values at their peak tend to be 
of shorter duration and have higher 
valued S S N minima following them 
(the peak). The present cycle 21 had 
a maximum monthly S S N of 165 (53 
percent above the average) and con-
sequently should end up being a short 
cycle (9.0 to 13.6 years, average = 
11.1 years). The S S N minimum value 
(0 to 11.2, average = 5.1) should be 
higher than the average of 5.1. A s of 
this month, the cycle is 9.3 years long, 
which is short compared to recent cy-
cles, which varied from 10.17 to 11.4 
years duration from minimum to mini-
" D X Forecaster, ham radio, April, 1985, page 84. 

G a r t h s t o n e h o c k e r , k o r y w 

mum. Therefore, it's probable that 
only another eight to ten months will 
pass before we reach the S S N mini-
mum; this puts the date of the S S N 
minimum somewhere between April 
and August, 1986. So the monthly 
average values are expected to decline 
slowly from the current 12 to about 6 
or 7 by late summer of 1986. 

Now let's look at the 10 cm solar flux 
as a predictor. Solar flux monthly aver-
ages decreased to 73.5 in October, 
1984, and stayed within ± 2 of 75 un-
til May, 1985. Since flux is a direct en-
ergy measurement it is closely corre-
lated with ionospheric effects. Also, 
daily values of flux can be used directly 
without smoothing; thus they are made 
available to us easily and quickly. In 
monthly averages of daily values the 
solar variation throughout the month 
is mostly eliminated because of the 
similarity of the lengths of the solar 
rotation (27 days) and a month (28-31 
days). One value per month makes 
seasonal and annual solar effects easy 
to study. May, June, and July aver-
ages were up about five units, mark-
ing the return of greater 27-day cycle 
activity. The flux average was raised 
more by the activity than it could 
decrease since the decrease was 
limited, being so close to the lowest 
flux ever recorded (63) for a day. The 
lowest value of flux so far in cycle 21 
was 68 on May 31, June 1, and June 
26, 1985. The solar flux monthly aver-
age is expected to slowly rise or at 
least remain constant through the win-
ter before decreasing those few re-
maining units after spring into sum-
mer. Solar flux minima tend to occur 
during summer when the sun is fur-
thest away; the 27-day solar variation 

is often less in summer months. It is 
interesting to note that if the 27-day 
variation is absent the daily values 
come close to the monthly average 
near S S N minimum. 

last-minute forecast 
The higher HF bands are expected 

to be very good after the 12th and dur-
ing the third week of October. It's 
probable that the solar flux 27-day 
maximum (as small as it is these days) 
will occur about that time. That, add-
ed to the beginning of the rise in solar 
flux to winter levels as the sun-earth 
distance shortens, may bring a good 
maximum. The higher band openings 
should be the result of long-skip trans-
equatorial propagation, particularly if 
moderate geomagnetic disturbances 
appear at that time. Geomagnetic 
disturbances are most likely about 
October 21 to 27. The lower frequency 
bands 30 to 160 meters, should greatly 
improve as a result of decreased thun-
derstorm noise and lower attenuation. 
Both should provide increased DX 
range in the evenings. These lower 
bands should be best the third and 
fourth weeks of the month. 

The Orionids meteor shower will be 
visible from the 15th to 24th of 
October, with a maximum rate of be-
tween 10 to 20 per hour on the 20th 
to 21st of the month. The moon is full 
on the 28th and perigee occurs on the 
15th. A total eclipse of the moon on 
the 28th begins at 1515 UT in the 
Western Pacific along the countries of 
New Zealand, Eastern Asia and part of 
the Arctic. It will travel across the In-
dian Ocean, Africa, and Europe, end-
ing in Iceland and Eastern Greenland 
at 1929 UT. 

band-by-band summary 
Ten, twelve, fifteen, and twenty 
meters will be open from morning to 
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter and will occur closer to local 
noon. Transequatorial propagation on 
these bands will more likely occur 
toward evening during conditions of 
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GMT PDT 

WESTERN USA 

N NE E SE S SW W NW 

t / — \ \ / 
0000 5:00 20 40 20 10 12 12 10 20 
0100 6:00 20 40 20 10 12 12* 10 20 
0200 7:00 20 40 20 12 12 12* 10 20 
0300 8:00 30 40 20 15 12 12* 15 20 
0400 9:00 30 40 20 15 15 12 15 30 
0500 10:00 30 40 30 20 15 12 15 30 
0«00 11:00 40 40 30 20 20 15 15 40 
0700 12:00 40 40 30 20 20 15 20 40 
0800 1:00 40 40 30 20 20 20 20 40 
0900 2:00 40 40 30 20 20 20 20 40 
1000 3:00 40 40 30 20 30 20 20 40 

1100 4:00 40 30 30 20 30 20 20 40 
1200 6:00 40 30 15 30 30 20 20 40 
1300 6:00 40 20 12 20 30 30 20 40 
1400 7:00 30 20 10 12 20 30 30 40 
1500 8:00 40 20 10 10 20 30 30 40 

1600 9:00 40 20 10 10 15 20 30 40 

1700 10:00 40 20 10 10 15 20 20 40 
1800 11:00 40 20 10 10 12 20 20 40 
1900 12:00 40 20 10 10 12 15 30* 20 
2000 1:00 40 30 12 10 12 15 20 20 
2100 2:00 40 30 15 10 12 15 20 20 
2200 3:00 40 40 15 10 12 12 15 20 
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High 
Performance vhf/uhf precimp/ 

Freq. 1 dB 
Receive Range N.F. Gain Comp. Device 
Only (MHz) (dB) (dB) (dBm) Type Price 

P28VD 28-30 <1.1 15 0 D G F E T $29.95 
P50VD 50-64 <1.3 15 0 D G F E T $29.95 
P50VDG 50-54 <0.5 24 + 12 G a A s F E T $79.95 
P144VD 144-148 <1.5 15 0 D G F E T $29.95 
P144VDA 144-148 <1.0 15 0 DGFET $37.95 
P144VDG 144-148 <0.5 24 + 12 G a A s F E T $79.95 
P220VD 220-225 <1.8 15 0 DGFET $29.95 
P220VDA 220-225 <1.2 15 0 D G F E T $37.95 
P220VDG 220-225 <0.5 20 + 12 G a A s F E T $79.95 
P432VD 420-450 <1.8 15 - 2 0 Bipolar $32.95 
P432VDA 420-450 <1.1 17 - 2 0 Bipolar $49.95 
P432VDG 420-450 <0.5 16 + 12 G a A s F E T $79.95 

Inline (rf switched) 

S P 2 8 V D 28-30 <1.2 15 0 D G F E T $59.95 
S P 5 0 V D 50-54 <1.4 15 0 D G F E T $59.95 
S P 5 0 V D G 50-54 <0.55 24 + 12 G a A s F E T $109.95 
SP144VD 144-148 <1.6 15 0 D G F E T $59.95 
SP144VDA 144-148 <1.1 15 0 D G F E T $67.95 
SP144VDG 144-148 <0.55 24 + 12 G a A s F E T $109.95 
SP220VD 220-225 <1.9 15 0 D G F E T $59.95 
SP220VDA 220-225 <1 .3 15 0 D G F E T $67.96 
SP220VDG 220-225 <0.55 20 + 12 G a A s F E T $109.95 
SP432VD 420-450 <1.9 15 - 2 0 Bipolar $62.95 
SP432VDA 420-450 <1.2 17 - 2 0 Bipolar $79.95 
SP432VDG 420-450 <0.55 16 + 12 G a A s F E T $109.95 

Every preamplifier Is precision aligned on A R R ' s Hewlett Packard HP8970A/HP346A state-of-the-art noise figure 
meter. RX only preamplifiers are for receive applications only. Inline preampllllers are rf switched (for use 
with transceivers) ana handle 25 watts transmitter power. Mo 
and power amplifier for high power applications. Other amateur, i 

in the 1-1000 MHz range. ] 
A I U.S. and Canada. Connecticut residents add 

n C I V O O C ft O sales tax. C.O.D. orders add $2. Air mall to foreign coun-
1 1 » » » w | | | 8 S B ( | d 1 ( J % 0 r ( J e r y o u r A R R R x o n | y o r | n| | n < 

preamplifier today and start haarlng like never belorel 

rower. Mount Inline preamplifiers between transceiver 
amateur, commercial and special preamplifiers available 
in the 1-1000 MHz range, please Include S2 shipping In 

dd 7- 'A % 

Receiver 
Research 

Box 1242 • Burlington, CT 06013 • 203 582-9409 

GROTH-Type 

TC2 $12.50 
TC3 $13.50 
Sp inner H a n d l e 

A d d $1.50 
Prices include UPS 
or Parcel Post in US 

99.99 Turns 
One Hole 
Panel Mount 
Handy Logging Area 

• Spinner Handle Available 
Case : 2 x 4 " ; s ha f t V 4 " x 3 " 

M o d e l T C 2 : S k i r t 2 - 1 / 8 " 

K n o b 1 - 5 / 8 ' 

M o d e l T C 3 : S k i r t 3 " . 

K n o b 2 - 3 / 8 ' 

163 

R. H. BAUMAN SALES 
P.O. Box 122, Itasca, III. 60143 

I . K Y M A L 
I I R S R-4C+SHERW00D 

STILL THE FINEST COMBINATION 
BOO H Z LOW L O S S 
selectivity Eliminate 

I m p r o v i ? ultimate IOJ* 
overloading 2nd tm< 

CF 600/6. $80.00 

1st IF S S B F I L T E R S . 

5 k H * 1st IF F I L T E R . 

16 P O L E R 4C SSB ! 

H/. 6 dB; 2400 H- , 

250 &00 and 1000 

CF 250/8, CF 500.-3 3 

PC Board mod and s 

Filters also for R 4 

Add S 3 slumping pe; >. 

H t IF CW F I L T L H Jfri|>rovt> early stage 

high pitched leakage around 2nd IF fillers, 

(ciiou to 140 dB. kliromaie strong signals 

>!(. causing inteirnod and deserisiit/alion. 

New PC board relay switch kn $45.00 

140 dB ult. (t!|. CF 2K/8 $150 00 pair 

Reduces hi pitched G R M CF 5K/8 $80.00 

Plug in litter Best skirt selectivity. 1800 

6 0 d B CF 2K, 16 (A l io 1.6K/16) $135 00. 

Hz 8 P O L E 2nd IF P L U G IN F I L T E R S 

ihI CF 1 OK '8 S 80 00. 

witching kits. Special A M filters-detector 

IB), R 7. TR 7. TR 4, Sigmil 'One. Atlas 

i dt;r. SG oveirsiMS-m 

(KMMl ''oiif.irt. '%<>, L) BO'D hHfoht.nU W Or m.i.iy 

Sherwood engineering Inc. 
1268 South Ogden St. 165 

Denver, Colo. 80210 
(303) 722-2257 mmim 

highest solar flux and a disturbed 
geomagnetic field. 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con-
ditions will resemble those on 20 
meters. Sk ip distances and signal 
strength may decrease during midday 
on those days that coincide with the 
higher solar flux values. Nighttime D X 
will be good except after days of high 
M U F conditions and geomagnetic dis-
turbances. Look for D X from unusual 
places on east, north, and west paths 
during this time. The usable distance 
is expected to be somewhat less than 
20 in daytime and greater than 80 at 
night. 

Eighty and one-sixty meters will exhibit 
short-skip propagation during daylight 
hours and lengthen for D X at dusk. 
These bands follow the darkness, 
opening to the east just before your 
sunset, swinging more to the south 
near midnight, and ending up in the 
Pacific areas during the hour or so 
before dawn on the path of your in-
terest. The 160-meter band opens later 
and ends earlier than 80. 

h a m radio 

AUTHORIZED KENWOOD 
I-C0M RADIO DEALER 

H L HEAS I ER . INC . 203 Buckhamion Pike, Clarksburg. W VA 

26301 Clarksburg Phone (304) 62"! 5483 or W VA Toll-free 

1 800-352-3177 

Harold Heasler. KA80HX, 91 Ridgelield Drive. Ormond Bcach, 

FL 32074 Florida Phone (904) 673-4066 

We sell all brands of amateur radios, amplifiers, antennas, 

lowers, etc 

Call us lor a quotation lor your needs, we guarantee to save your 

money! 

SAY YOU SAW IT 
IN 

HAM RADIO 



a portable 2-meter beam 
Briefcase antenna 

packs small, 
travels light 

One recent Saturday morning, the topic at our ham 
club breakfast turned to the difficulty of keeping an-
tennas up through Oklahoma's typical springtime 
season of frequent thunderstorms and occasional tor-
nadoes. What we all wanted and needed, we decided, 
was a compact, truly portable 2-meter antenna that 
could provide reliable performance in virtually any 
setting. 

In response to this challenge I developed an antenna 
that weighs less than a pound and stores in a space 
measuring less than 12 by 1-1/2 inches (30.5 x 
3.81 cm). I chose a four-element Yagi beam because 
it is directional, can have vertical or horizontal polari-
zation, and deliver respectable gain. Assemby and dis-
assembly c a n be very quick. O n c e assembled, it can 
be hung from a tree in a campsite, suspended by 
fishing line and hooks in drapery and ceiling tiles, 
or hung in the living room, even during severe 
thunderstorms. 

construction 
The boom is constructed of a 45-inch (114 cm) piece 

of 3/8-inch (0.95-cm) OD thin wall aluminum tubing 
cut into four equal sections of 11-1/4 inch (28.6 cm) 
each. To join the boom sections together for assembly, 
make three pieces of solid aluminum 2 inches (5.1 cm) 
long and slide each inside the sections of boom tub-
ing (see fig. 1) to restore the boom to its full 45 inch 
(114 cm) length. Where the boom sections join, meas-
ure 1/2 inch away from each side of the cut and drill 
a clearance hole vertically through the tubing and solid 
pieces to accommodate a 4-40 screw. A 4-40 x 

3/4-inch (1.9 cm) screw is used to tie each section 
together. A standard 4-40 hex nut and washer are used 
on part of the assembly and washer and wing nuts to 
allow for quick assembly and disassembly on the other 
part (see fig. 2). When taken apart, the boom stores 
the reflector and director; the 4-40 screws and wing 
nuts hold the elements inside when stored. 

Next turn the boom 90 degrees from the top/ 
bottom plane to make the holes for the elements. 
Measure 3/4 inch (1.9 cm) from one end; this will be 
the location of the first element. Measure from this 
point 14-1 /2 inches (36.83 cm) to the next point. Con-
tinue till all four element locations are marked. Then 
drill clearance holes for 4-40 screws perpendicular to 
the vertical holes for bolting the boom together. Next 
cut the heads off four 4-40 x 1-1/4 inch (3.18 cm) 
long screws. Insert them into the holes and secure with 
hex nuts and washers. The elements will be attached 
with these mounting screws. 

The gamma match is made from a 6 inch (15.24 cm) 
piece of 1/4-inch (0.635 cm) tubing, a 6 inch (15.24 
cm) piece of No. 14 insulated wire, a BNC connector 
and several brackets. First cut a piece of aluminum 
stock 1/2 x 1-1/2 inches (1.27 x 3.81 cm). Drill a 
clearance hole for the BNC connector. (Use a UG-
1094/U connector.) Bend the stock into an L shape 
1/2 x 1 inch (1.27 x 2.54 cm). Mount the connec-
tor in the bracket as shown in fig. 1. The shorting strap 
for holding the 6 inch (15.24 cm) piece of tubing to 
the driven element and tubing were made from 
aluminum stock. (On the first model, copper proved 
very satisfactory.) Solder one end of the No. 14 wire 
to the BNC connector and slide the tubing for the 
gamma match over it. Measure the stock for the 
shorting bar and bend and mount it to the driven ele-
ment and 6 inch (15.24 cm) piece of tubing covering 
the gamma match wire; because the tubing will need 
to be moved during tuning, leave it slightly loose. 

By John Eighmy, KB5QJ, 511 East 14th Street, 
Bartlesville, Oklahoma 74003 
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f ig, 1A. Fully a s s e m b l e d 4-e lement 2-meter beam. 

T Y P I C A L 

C L E M E N T M O U N T I N G 

4 0 HEX NUTS 

wJ/rnm, 

BOOM 

E N D V I E W 

G A M M A M A T C H 

1 BNC connector on L mounting bracket 
2 stub wire — No. 14 stranded wire 
3 tuning stub — 1/4 inch tubing, 6 inches long 
4 shorting strap 
5 driven element 

f ig . IB . E l e m e n t m o u n t i n g a n d g a m m a m a t c h details. 

The bracket supporting the BNC connector should 
then be placed under the boom slightly behind the 
mounting screw for the driven elements. Drill a 4-40 

clearance hole through the boom and the bracket. A 
4-40 x 3/4 inch (1.9 cm) screw and washer with wing 
nut is used to allow disassembly to a small size. 

October 1985 1 1 5 



fig. 1C. Assembly details illustrates simplicity in construction and use. 

I 

i ber description 

4 4-40 x 1-1/4 inch screws 
(heads removed) 
4 boom elements, 3/8 inch 00 aluminum 11-1/4 
inches each 
3 2-inch aluminum round rod to clear boom ID (joins 
boom sactions together) 
6 inches 14-gauge stranded wire (insulated) 
shorting strap 3/4 Inch wide, brass or aluminum 
X denotes clearance holes for 4-40 screws 

-ft. 

W w 

12 
13 
14 
15 

16 
17 
1B 

6 telescoping antennas 1/4-inch diameter 
4-46 hex nuts — 11 each 
telescoping antennas, 2 pieces 5/16-inch diameter 
7 4-40 x 3/4 inch long screws 

A - uses 4-40 wing nuts 
B — uses 4-40 star washer and hex nuts 

6 inches 1/4-inch tubing, stainless or aluminum 
BNC connector UG-1094/U 
aluminum L bracket, 1/2 x 1 inch 

Parts list. 

telescoping antennas: 
reflector-director 6 Mouser Electronics 
(0.24" diam.) No. 43AR106, $1.19 

driven 2 Mouser Electronics 
(0.28" diam.) No. 43AR105, $1.94 

Available from Mouser Electronics, 11433 Woodside Avenue, 
Santee, California 92071 ($5 service charge applied to orders 
under $20.) 

Normally the whole gamma match is taken apart along 
with the one driven element to which it is attached 
for ease in reassembly. 

Construction of the antenna is now complete. 
Assembly for testing and use will require eight tele-
scoping whip antennas (see parts list). Re-tap the 
holes for the 4-40 screws in the ends to allow mounting 
on the boom. 

tuning 

To tune the antenna, assemble the boom, the ele-
ments, and the gamma match. Pull the director and 
reflector out to maximum length. Set the driven 
elements 19 inches (48.26 cm) apart. Then tune with 
the gamma match by sliding the shorting stub in and 

out and the 6-inch (15.24 cm) tubing over the No. 14 
wire and adjusting the length of the driven elements. 
Once the SWR is determined for the frequency you 
plan to use, secure the gamma in place and measure 
the length of the driven elements. To simplify setting 
the length of the driven elements each time, paint a 
scale on the bottom of the boom to allow accurate 
positioning each time. 

Storage is simple. Unscrew the elements from the 
boom. Take the gamma match and BNC bracket off. 
Unscrew the three wing nuts on the boom and remove 
the screws. Collapse the elements and slide them into 
the boom. Reinsert the screws, add the wing nuts, 
and a compact four-element beam is yours. Gain is 
about 4 dB. From here to Tulsa and other surrounding 
cities, it's possible to bring up repeaters on 1 to 2 watts 
of power. 

Additional elements can be added by extending the 
boom to allow each element to be 14-1/2 inches 
(36.83 cm) from the last. Use your imagination as to 
ways to mount it for your own use. 

Note: this idea was submitted to my employer, 
Phillips Petroleum Company, under a patent agree-
ment. After lengthy review, it was released to me for 
the purpose of making it available for use by fellow 
Amateurs. Commercial use of this design is not per-
mitted under the terms of the release letter signed by 
Phillips and dated June 2, 1982. 

ham radio 
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fB3 Porta-Tenna 
VHF/UHF Telescopic 1/4 & 5/8 

Wavelength Antennas for 
Hand-Held Transceivers & 

Test Equipment 

1/4 WAVELENGTH 
Model No. Fr«q. MHz Dejcrlpllon Price 

196-200 144-148 5/16-32 itud w/iprlng $5.99 
196-204 " BNC contractor w/iprlng 7.95 
196-214 " BNC connector 6,95 
196-224 144-UP BNC conn. ad|. ingle 7.95 
196-814 220-225 BNC connector 6.95 

5/8 WAVELENGTH 
191-210 " 5/16-32 lor old TEMPO 22.95 
191-214 * BNC connector 19.95 
191-219 " PL-259 w/M-359 idpt. 22.95 
191-810 220-225 5/16-32 for Old TEMPO 22.95 
191-814 - BNC connector 19.95 
191-940 440-450 5/16-32 for HT-220 22.95 
191-941 " 1/4-32 «tud 22.95 
191-944 " BNC connector 19.95 

Largest Selection of Telescopic Anten-
nas. Write for Info. Prices are postpaid 
via UPS to 48 States. For air delivery 
via UPS Blue add $2.25. Florida add 5% 
sates tax. Payment by M.O. or Cashiers 
Check only. ^ 184 

RF PRODUCTS 
P.O. Box 33. R o c k l e d g e , F L 3 2 9 5 5 , U .S .A . 

( 3 0 5 ) 6 3 1 - 0 7 7 5 

AR-200 XL 
MEDIUM DUTY ANTENNA ROTOR 

Select a Heading - Antenna 
Turns and Stops Automatically. 

SIDEBAND SQUELCH 
« Fits inside mosf HF-SSB transceivers. 
• Requires human voice to activate. 
• Ignores static, noise arvd hetrodynes 
• On/oft switch only—no adjustments! 
• Connects to audio leads and 9/12 VDC 
• Fully assembled and tested $99.95. 
• Complete with comprehensive manual 
• Used worldwide in commercial and military 

transceivers 

CMC COMMUNICATIONS 
5479 Jetport, Tampa, FL 33614 (813) 885-3996 ^ 

^ C A D D E L L ^ 
^ C O I L CORP. " t P 

35 M a i n Street 
Poultney. VT 0 5 7 6 4 

802 -287 -4055 
B A L U N S 

Get POWER to your antenna! Our Baluns are 
already wound and ready for installation i n your 
transmatch or you may enclose them in a 
weatherproof box and connect them directly at 
the antenna. They are designed for 3-30 MHzop-
eration. (See A R R l Handbook pages 19-9 or 
6-20 for construction details.) 

100 Watt (4:1, 6:1, 9:1. or 1:1 impedance - Select one) $ 9.50 
Universal Transmatch 1 K W (4:1 Impedance) 13.50 
Universal Transmatch 2 KW (4:1 impedance) 16.00 
Universal Transmatch 1 K W (6:1, 9:1 or 1:1 — select one) 15.00 
Universal Transmatch 2 K W (6:1, 9:1 or 1:1 — select one) 17.50 

Please send large SASE for info. 

lebook 

increased undistorted 
TS-930S headset audio 

Many operators prefer headset 
operation employing a relatively high 
audio output level combined with low 
RF gain. This mode tends to preclude 
AGC capture from strong adjacent sig-
nals and tends to minimize noise. 
Using the very popular Kenwood 
TS-930S in this manner of operation, 
peak audio distortion is evident 
depending upon the particular head-
set, the signal levels, and the gain set-
tings employed. 

DIIA 
( . - V i / V 

TV 

f i g . 1. T S - 9 3 0 S h e a d s e t j a c k c i r cu i t . 

A simple solution to this condition 
is to decrease the value of the 1/2-
watt, 100-ohm voltage divider resis-
tors, R11 and R12, connected to the 
headset jack on the front panel as 
depicted in fig. 1. It is necessary to 
remove the triangular corner brace 
plate adjacent to the jack to gain 
access to the resistors. The plate is 
held in place by five easily removable 
screws. In my project, I paralleled each 
of the existing resistors, R11 and R12, 
with a 110-ohm 1/4-watt resistor, 
which resulted in at least 6 dB of addi-
tional audio without any noticeable 
distortion, even at uncomfortable 
levels. 

An additional advantage of this 
modification for operators wishing to 
correct dissimilar auditory response is 
that by proper selection of the new, 
paralleling resistors, the dissimilar 
response can be easily corrected. This, 
however, will be possible only for 
those using stereo headsets, since the 
jack circuit was designed to accommo-
date both stereo and monaural head-
sets for a monaural output. 

Using the external speaker jack on 
the rear panel was a first attempt to 
solve this problem. Although this 
approach provided audio, it revealed 
an unacceptable underlying white 
noise while using CW selectivity. Ex-
ternal padding could be used to 
accomplish the same result as I 
obtained internally, but I prefer a 
"clean" fix, without any external con-
nections, and the convenience of the 
continued use of the front panel 
jackset jack. 

Marv Gonsior, W6FR 

TR-2500/2600 
2-channel programming 

The instruction manuals for the Ken-
wood TR-2500 and TR-2600 describe 
how to program ten channels into the 
memory — but what if you wanted to 
listen to only two? I've found out that 
this feature comes in handy when I am 
monitoring the local emergency nets 
and don't want to scan any additional 
frequencies for fear the scan cycle will 
stop on something in which I have no 
interest. This is how it can be done 
following the procedure in the PRO-
GRAM (BAND) SCAN: 

Set the lower frequency you wish to 
receive. 
Example: 1. Enter 6.640 

2. Press " F " AND " # " 

Set the highest frequency you wish 
to receive. 
Example: 1. Enter 6.730 

2. Press " F " AND "# " 

Now repeat the second entry of the 
highest frequency. 
Example: 1. Enter 6.730 

2. Press "F" and "# " 
3. Listen for the BEEP 
4. Press "F" and " 

Joel Eschmann, K9MLD 



RF 
TRANSISTORS 

product 

REVIEWS 
m e e t Dr. Q S O — on-the-air 
s imulator — n e w f r o m A E A 

How many new licensees do you know 
who've never been on the air because of a real 
bad case of "key fright?" I can think of quite a 
few. Until now, I've never been certain of just 
what to tell them to encourage them to get them 
on the air. 

AEA's new C-64 computer program. Dr. QSO, 
is a Morse code trainer that lets you simu-
late everyday Amateur communications without 
actually having a transmitter. When AEA's Dr. 
DX came out, I recall being utterly amazed at 
the realism of the unit — how it simulated, to 
practically the last detail, almost every aspect of 
on-the-air communications. The new Dr. QSO 
has that same quality. It should be a real boon 
to new licensees and prove to be a valuable train-
ing aid in Novice and upgrade classes. 

All stations that you hear are generated ran-
domly by the computer using currently issued 
call signs. At the lower end of the bands (the 
Extra sub-bands) you'll find code speeds similar 
to what you'd hear on any given night. As you 
move out of the Extra portion of the bands, you'll 
find that code speeds slow down until you get 
to the Novice band, where speeds range from 
about five to ten words per minute. 

Conversations are very similar to those you 
would hear on the air. Signal reports and names 
are given, and equipment, the weather, loca-
tions, and antennas are all "discussed." Should 
you miss a piece of information, you can ask the 
computer for a repeat — and get one! You can 
also ask the station to slow down or speed up 
— and it does. 

installation 
Whenever you're working with a computer, 

it's a good idea to turn everything off before you 
insert a new program card into the machine, to 
eliminate the possibility of damage should there 
be any static charges. AEA recommends doing 
this with Dr. QSO, and it's good advice. The pro-
gram card simply slips into the back of the com-
puter, label side up. 

Next, you plug a Morse code key into the back 
of the unit. You can use a straight key, bug or 
electronic keyer; electronic keyers are preferred. 
(Computer decoders sometimes have trouble 
deciphering a fist because of irregular characters 
and spacing.) 

W you don't have a keyer, or just happen to 
prefer keyboard operation, press the British 

"pound" symbol. You can now communicate 
with Dr. QSO via keyboard. 

program set-up 
When the program is turned on, you'll see a 

transceiver at the top of the screen showing the 
frequency status of both the transmitter and 
receiver and level indicators for the volume and 
bandpass filter. You quickly realize that Dr. QSO 
comes very close to simulating a real transceiver. 

Your next step is to load the text file and pick 
your operating aids. You select from either the 
cartridge (by pressing 0) or from custom mes-
sages on a disk (by pressing 1-9). Choose your 
code speed, set the volume, adjust the color and 
contrast levels on the monitor, and you're all set 
to go. 

operation 
A typical QSO looks like this: 

CQ CQ CQ CQ CQ DE KB2NYA KB2NYA KB2NYA 

KB2NYA DE KB2B0F KB2BOF < A R > 

KB2BOF DE KB2NYA GE O M TNX FER C A L L - U R RST 57N 

QTH IS OSSINING NY? OSSINING NY ES N A M E IS CURLY 

CURLY - SO H O W COPY? < A R > KB2B0F OE KB2NYA K 

. . . and so on. 
Although the program seems to be capable 

of generating innumerable QSOs of virtually 
unlimited variety, it's also possible to write your 
own script. If you have a Commodore disk drive 
and elementary programming skills, you can 
write original QSOs and even trade with friends 
to make the Dr. QSO experience even more 
realistic. The user manual that accompanies Dr. 
QSO provides more than adequate instructions. 

problem solving 
With AEA's thorough documentation and 

high-quality parts selection and workmanship, 
there's no reason, really, to anticipate problems 
with Dr. QSO. Still, for questions or problems 
that may arise, AEA supports the program with 
a user hotline available during normal business 
hours (Pacific time, since AEA's headquartered 
on the west coast). Supplying your "software 
support number," furnished with every user's 
manual, gets you patient, knowledgeable assis-
tance without delay. A parts list and diagram of 
the board are included in the manual so you can 
do your own troubleshooting, should the need 
ever arise. 

questions 
If you ever have the chance to sit down with 

this program at a Ham show, you may be temp-
ted to "Ask Dr. QSO" for more information after 
just a few minutes of "communicating" with the 
imaginary Hams "created" for your operating 
pleasure and practice. Don't bother. . . Dr. QSO 
is, after all, just the software brainchild of some 
clever programmers at AEA. For information, 
you're better off writing to AEA at P.O. Box 
C2160, Lynnwood, Washington 98036-0918. 

On the other hand, you might just try asking 
Dr. QSO . . . 

N1ACH and KA1LBO 
Circle #301 on Reader Service Card. 

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2-30 MHz 12V C =2»Vj 
P/N Rating Each Match Pr. 

MRF406 20W $14.50 $32.00 
MRF412./A BOW 18.00 45.00 
MRF421 100W 25.00 58.00 
MRF421C 110W — 80.00 
MRF422* 150W 38.00 82.00 
MRF426./A* 2SW 18.00 42.00 
MRF428** 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435* 150W 42.00 90.00 
MRF449./A SOW 12.50 30.00 
MRF450./A 50W 14.00 31.00 
MRF4S3./A 60W 15.00 35.00 
MRF454./A SOW 16.00 36.00 
MRF4SS./A SOW 12.00 28.00 
MRF4S8 80W 20.00 48.00 
MRF460 SOW 18.00 42.00 
MRF464* sow 25.00 80.00 
MRF466" 40W 18.75 48.00 
MRF47S 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485* 15W 8.00 15.00 
MRF492 SOW 18.00 40.00 
SRF2072 75W 15:00 33.00 
SRF3682 110W 28.00 80.00 
SHF3775 7SW 15.50 34.00 
SRF3795 S5W 18.50 37.00 
CD2545 SOW 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 50W 15.00 38.00 

VHF/UHF TRANSISTORS 
Rating MHz Net Ea. Match Pr. 

MRF212 10W 138-174 $16.00 — 

MRF221 15W 138-174 10.00 — 

MRF222 25W 138-174 14.00 — 

MRF224 40W 136-174 13.50 32 00 
MRF231 3.5W 66-88 10.00 — 
MRF234 25W 88-88 15.00 39.00 
MRF237 4W 136-174 3.00 — 
MRF238 30W 136-174 12.00 — 
MRF239 30W 136-174 15.00 
MRF240 40W 136-174 18.00 — 
MRF245 SOW 138-174 28.00 65.00 
MRF247 75W 136-174 27.00 63.00 
MRF250 SOW 27-174 20.00 46.00 
MRF260 5W 136-174 7.00 — 
MRF261 10W 136-174 9.00 — 
MRF262 15W 136-174 9.00 — 

MRF264 30W 136-174 13.00 — 

MRF607 1.75W 138-174 3.00 — 

MRF641 15W 407-512 22.00 — 
MRF644 25W 407-512 24.00 54.00 
MRF646 40W 407-512 26.50 59.00 
MRF648 SOW 407-512 33.00 69.00 
2N3866" 1W 30-200 1.25 
2N4427 1W 136-174 1.25 — 
2N5591 25W 136-174 13.50 34.00 
2N5642* 20W 30-200 13.75 34.50 
2N5945 4W 407-512 10.00 — 
2N5946 10W 407-512 12.00 — 

2N6080 4W 136-174 6.25 — 
2N6081 15W 136-174 7.50 — 
2N6082 25W 136-174 8.90 
2N6083 30W 136-174 9.30 24.00 
2N6084 40W 136-174 

TMOS FET 
11.75 28.50 

MRF134* 5W 2-200 $10.50 — 
MRF137" 30W 2-200 22.50 — 
M R F 1 3 8 " 30W 1.5-150 35.00 — 
M R F 1 5 0 " 1 SOW 1.5-150 80.00 — 
MRF172* 80 2-200 65.00 — 

Selected, matched finals for Kenwood, Yaesu, 
/com, Atlas, etc. Technical assistance and cross-
reference information on CD, PT, RF, SRF, SD P/Ns. 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D./VISA/MC 

INFORMATION AND CALIF. ORDERS: (619) 7444728 
OUTSIDE CAUF. ORDER DESK: 80M54-1927 

p i 
I m I 

RF PARTS 
1 3 2 0 - 1 6 G r a n d A v e , , S a n M a r c o s 

C a l i f o r n i a 9 2 0 6 9 ( 6 1 9 | 7 4 4 - 0 7 2 8 
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NEMAL ELECTRONICS INTL.. INC. 
i your one stop coax supplier! m m ^ m h ^ m 

SATELLITE CONTROL CABLE 
5 TYPES AVAILABLE! [ N E W ! ! ! L o w e s t Loss 

Oesigrxxl lo' easy 
oneMup inslailalu 
providing I'm 
tequi'oo i:aDle» (o« 
mosl earth station 
equip'Twnt 

burial ia<Jiel 

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPES 
? Si.̂ .'O 

1 SCf.'U %\ lUiugf 961 

• a ' 
.'3 S-CiJut* 
l * !S<Uu(f 

.'a UGi^jf 
<a ! 8 iiii>t* 

! 3 Uu£> ii igr ,>r-Cin{f 

I--11M l.ODPi" route liu.p <ti ;?(;»«(»stiinijMt 

I.nntd Cwi 
ta'12 Ciuie Si..fid«j Sk'l linkups*-

5 5 ® 7 5 C 9 5 ® 7 9 C 8 9 C 
FT FT FT FT FT 

Call tor 1000 FT pricing 

Oniy Nemai oHefi, 
12 gauge conductors 

Ct.or, RG59.-U 
ires. ana a tfuo a 

srncuJinq 
'.ai poi> elr> 

HARDLINE 
T w o s t y l e s , t w o s i z e s t o r all i n s t a l l a t i o n n e e d s 

* A l u m i n u m Outer Conductor with Polyethylene Jacket 
1/2 inch loss 48 dB/100 It t jt 30 MHz 

3 68 llB/100 It <8 1000 MHz $125/11 
7/8 inch loss 28 (ID/100 II lie 30 MHz 

2 54 <18/100 II @ 1000 MHz S3 25/11 
a Corrugated Copper Outer Conductor with Polyethylene 

Jacket 
1/2 inch loss 38 dB/100 II ® 30 MHz 
(FIC12-50J) 2 78 dB/100 II 0 1000 MHz . $1 59/11 
7/8 inch loss 13 dB/100 II ® 30 MHz 
(FLC12-78J) 1 3 dB/100 II m 1000 MHz S3 92/11 

COMPARE RG 213 I 25 dB/100 « 30 MHz 
8 5 dB/100 ® 1000 MHz ' 

HARDLINE CONNECTORS 
1/2 inch aluminum UHf M/f S19 00 Type N M/F $22 00 
7/8 inch aluminum UHF M/F $49 00 Type N M/F $49 00 
1/2 inch copper UHF M/F $22 00 Type N M/F $22 00 
7/8 inch copper UHF M/F $49 00 Type N M/F $49 00 

shipping 
Cable — SB.00 per 100 II. 
Connectors — S3.00 per order. 
Orders under S20 add S2 additional plus shipping. 
Charge card — orders over S30 only. 
COD add $2.00. Florida Residents add 5%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE, COLUMBIA. KINGS 

BLONDER-TONGUE, TYTON, B&K 

• C O A X I A L C A B L E • S M A T V P R O D U C T S 
• M U L T I C 0 N D U C T 0 R C A B L E • C O A X - S E A L 
• C O N N E C T O R S - A D A P T E R S • C O M P U T E R C A B L E 
• H A R D L I N E • C R I M P T O O L S 
• C A B L E T I E S • F I E L D S T R E N G T H M E T E R 

COAXIAL CABLE SALE 
POLYETHYLENE DIELECTRIC 

RG-8/U 96% shield Mil Spec (S29 00/100) or 31VII 
RG11U 96% shield 75 ohm mil spec 25VII 
RG-55B/U double shield (RG-58 size) 50 ohm 45'/lt 
RG58U mil spec 96% shield ($10 00/100) or 11-/II 
RG62A/U 36% shield mil spec 93 ohm 12'/l l 
RGI74/U mm 50 I I mil spcc 10"/lt 
RG213 noncontaminating 96% shield mil spec 36*/ll 
RG2I4/U double silver shield 50 ohm S1 65/lt 
RG214/U linned copper 65'/lt 
RG217/U double shield 5011 5/8" 0D 85VII 

L O W LOSS FOAM DIELECTRIC 
RG-8X (Mini 8) 95% shield ($15 00/100) or 17VII 
RG8U 80% shield ($19 00/100) or 22VII 
RG-8/U 97% shield 11 gu (ei| Belden 8214) 31'/ l l 
RG58U 80% shield 07'/lt 
RG58U 95% shield 10-/I1 
RG59/U 100% lent shield TV lype lO1/!! 
RG59/U 70% copper shield • 09VII 
HEAVY DUTY ROTOR CABLE 2 16 ga 6 20 ga 36«/lt 
Rolor cable 2-18 ga 6-22 ga Poly burial Jkl W i t 
Complete line ol multiconduclor cables available 

C O N N E C T O R S M A D E IN USA 
Amphenol PL 259 89' 
PL 259 and/or SO 239 65* ea oi 10/55 99 
Double Male Connector SI 79 
PL 258 Double Female Connecloi 98' 
PL-259 Silver-Teflon Kings $1 59 ea 
Reducer UG 175 or 176 22 'o r 10/$2,00 
UG-255 (PL 259 lo BNC) $2 95 
Elbow (M359) UHF Elbow $1.79 
F59A (TV lype) 24' or 10/S2 00 
UG 21 D/U Type N Male lor RG8. Amphenol $3 00 
UG 88C/U BNC Male lor RG-58. Amphenol $1 25 
UG 273 BNC PL259 Amphenol $3.00 
~ $125 3/16 inch Mike Plug lor Collins etc (cutofl) 
shipping 
Cable — S3. OO per 100 ft. 
Connectors — add 10%, S3.00 minimum. 
Orders under $20 add S2 additional plus shipping. 
Charge card — orders over S30 only. 
COD add $2.00. Florida Residents add 5 % . 

12240 N.E. 14th Ave. 
No. Miami, FL 33161 

IN STOCK 
- O V E R 500 I T E M S -

C O M P L E T E L I N E S 
Telephone: (305) 893-3924 ^ « 

Quality M i c r o w a v e T V Antennas 
Multi-Channel 1.9 to 2.7 GHz 

40dB Gain True Parabolic 20 Inch Dish 
Complete System $84.95 (Shipping inci ) 
Dealerships. Qty Pricing. Replacement Parts 

PtilillDS-Tech Electronics 
P.O. BOH 34772 • n H M n l l . U 85087 
1802) 947-7700 (S3 00 Credit all phone nftim'l 
MasierCard * Vtu • 000 s 

194 

•MULTI-BAND SLOPERS" 
ALSO: OIPOLES * lIMIf BP-SPACE ANTENNAS 

Ootitondlno pei<o«m»nco OIW9INN anlermM It woil ktiownl Now en-
joy multtbaod OIG-SIGNAL lopoilil AulomnHc banatwitchmg * Vary 
km SWH-Co»i !«>•<*• 3 kw powor • Compact- f ULiT ASSEMBteO 

' ' nlar froqottoc*oachband • £»»Y TiTinJUH • Very o your tpocilled .. , . 
, prolilo • Complolo insUucliom-Tout p«no»»l ctiocfc •ccaplod 

i U : : 

4 BAND StOWR - 160 BO, 40 30. or 20M 60 II long $ 40 ppd 
160,80,40M 60 11 •• J 43 -
B0.40M 4011 •• i 3i 

MO-TRAP DIPOLE • 160. BO, 40M H3IC toofl " 
80, 40M 8511 •• 

9 BAND SPACE SAVER DtPCX.E -160 IhiulOM* i f l lUOM J BSptW 
• HoquUei wldatange tune' 180,40, 20, ISM without lunar) 

SEND SASE lot compToti doliil^ol tho»e ami oltwilmlquo milonftM 
W9INN ANTENNAS 312394 3414 

BOX 393-H MT. PROSPECT. IL 6 0 0 5 6 
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MICROWAVE EQUIPMENT 
RMLA - 2 .3 

Single Stage, Low Noise 
Gas Fet Amplif ier 

$60.00 

Opt imum Transistor Noise Figure less than 5 dB. 
Associated Gam Greater Than i 5 d B at 2 3 GHjr 
Source/Load must be 5 0 i 1 0 ohm Non-React ive 
SMA Connectors Requires ± 5VDC Power with 
- 5VDC present when + 5VDC appl ied Power Sup-

ply and Sequenc ing is not suppl ied Zener Project ion 
Unenc losed on 2 * 2 PC Board 

Wri te for Pr ice/Del ivery for any f requency I rom 1 to 6 
GH? Also VCO's Signal Generators, Deteclors, At-
tenuators. Filters, Mixers, and Conver ters 

Price inc ludes Sh ipp ing and Insurance when paid by 
check or money order Charge or C O D orders. 
F O B , Brookf ie ld MO 

ROENSCH MICROWAVE 
R.R. 1. Box 156B, 
BROOKFIELD, MISSOURI 64628 ^ 196 K 

MFJ 1621 portable 
antenna 

Would you like to operate portable, but don't 
want the hassle of installing an antenna? 

You won ' t have any more excuses if you have 
MFJ 's new portable 40-10 meter antenna. 
Perfect for vacation trips — even DX'pedit ions 
- the small l ightweight unit " te lescopes" for 
easy stowing in a travel bag. The antenna also 
comes w i th 50 feet of coax so you can locate 
it after tune-up to minimize RF interference to 
your radio or other sensitive electronic equip-
ment. The unit also includes a field strength 
meter to simplify tune-up. 

1 

general information 
The MFJ portable antenna is really such a neat 

idea that I 'm surprised it took so long for some-
one to market it. The unit uses a radiating ele-
ment that 's simply an expandable replacement 
antenna for auto or shortwave radios. The an-
tenna is tuned by a series capacitor and parallel 
inductor to ground in a simple " L " configura-
tion. The inductor swi tch is clearly marked by 
band wi th the approximate inductance that wil l 
be needed to tune the collapsible whip antenna. 
The tunable capacitor is also marked so you can 
establish "pre-sets" for easy tune-up. 

MFJ recommends that you encase the an-
tenna in plastic tubing to prevent electric shock 
if someone should inadvertently touch the an-
tenna whi le transmitt ing. 

specifications — MFJ 1621 
telescoping whip 54 inches 
box 5-1/2 X 6 -3 /4 x 2-1/4 

phenolic 
RG-58 50 feet 
weight approximately 2 pounds 
power 300 wat ts PEP 
bands 40-10 meters 

installation 
To use MFJ 's portable antenna, all you need 

to do is attach the PL-259 to the back of your 
transceiver, set the inductor to the appropriate 
band, set the capacitor to mid-range and apply 
low power. Varying the capacitor should drop 

134 M October 1985 



the SWR to less than 2:1. If it doesn't, change 
the inductor setting and try again. If more than 
one setting gives you a low SWR, use the one 
that gives you maximum power output. 

Once this is accomplished, move the antenna 
away f rom your operating position — you're 
almost ready to start working DX. A final check 
to make sure your SWR is wi th in limits is all 
that's required before you turn up the power (300 
watts PEP maximum). 

use 
Setting up and tuning this antenna takes just 

a few seconds and is really quite simple. While 
no DX was worked during the test period — the 
bands were in very poor shape - signal reports 
were more than adequate for the kind of antenna 
being used. Potential users should not expect 
this antenna to perform as well as a full signal 
beam or dipole; it will, however, get you on the 
air wi th a more-than-acceptable signal. 

Priced at $79.95, the MFJ 1621 will give years 
of excellent performance and fun. Contact MFJ 
Enterprises, Inc., Box 494, Mississippi State, 
Mississippi 39762, for more information. 

N1ACH 
Circle #302 on Reader Service Card. 

products 

compact V H F power tubes 
Varian EIMAC has unveiled four new VHF 

power tubes designed for power amplifier appli-
cations. Developed bV Varian ElMAC's Salt Lake 
Division, the tubes provide improved perform-
ance in a compact design. The tubes include 
liquid-cooled models that use new highly effi-

arry Ele 
W WORLD WIDE AMATEUR RADIO SINCE 1950 

Your one source for all Radio Equipment! 
•M-t KITTY SAYS: WE ARE NOW OPEN 7 DAYS A WEEK 

Saturday & Sunday 10 to 5 P.M. 
Monday Fr iday 9 to 6 30 PM Thufs. to 8 PM 

Come to Bar ry 's tor the best buys in t o w n 
ONV Safety 

belts in stock 

For the best buys in t o w n call: 

212-925-7000 
Los Precios M a s Bajos en 

Nueva York 

C o m e to Barry 's 
lor Fall Fest iva l Sav ings 

Jan K82RV, Kitty WA2BAP. Mark K2C0N 

KENWOOD 

R-600, R-1000, R-2000. TS-940&A1 
TS 430S,TM-3600A TR 7950, 
TW-4000A Kenwood Sfrvee'Repaif 
TH21'3J'<MAt, TW^UA' 
411A fc T$ 711AJB11A 

n I C O M 
ICR71A. IC 7?il lC7-1£> iC 27A/H 1C 37A. 1C 47A. 
IC 1271A.)C ?7!A/H IC-3200A. IC-471 A/M, IC 735 

FT-ONE. FT-980, FT 7S7GX . FRG-8800 
FT 726R. FRG-9600. FT-270RH, FT-2700RH 
VAfSU ICOM Land Mcti'l 
F» IC2AT W|t 
f .'.-WIUJH l COS AT Vias 
nc ic iv.At lco„ r 

C0MPU-FIRE EXTINGUISHERS 
EXl S000E BTTY/AMTOA TERMINAL 

*r1 

SMART PATCH 

C E U U t A f t 'PHONES STOCKED 
WEL2 

FLUKE 77 Mult imeter 

VoCom/Mi iagoJDaiwa Largo inventory o' 
Tokyo Hy.Power Sax ion Wire & C a W _ 
Amp l i f i e r s & 
Si&> HT Gam AMERITRON AMPLIFIER AUTHORIZED DEALER 
A n t e n n a s IN STOCK 

Nyc MBV A 3 Ki lowal t Tuner 

X * 

\ ^ Solder ing 
p T ^ j Stat ion, 

48 Watts. $68 

' MICHOLOG AIR 1. Air 
• SWL, Morso Coach 

KANTRONICS 

C o m p u t e r I n t e r f a c e s 
stocked: MFJ 1224 
AEA CP1, PKT-1. OR.DX 
CP-100. PK-64. D/. QSO. 
Morse University _ _ _ 

Di'ik 

Yaesu FTR-2410, Wi lson 
ICOM IC RP 3010 (440 MHz) 
ICOM I C R P 1210 <1.2 GHr) 

ALPHA AMPLIFIERS 

SANTEC 
ST .>??'U<J 

ST U? UP 
S T -I4?'l/P 

MFJ Modalt 
422. 313.1224 t S41D 

HAM MastafTapes— 
Bala or VHS Tapes 

I MURCH 
Mode l 
2000 A. 
A LS, B 

I in slock 

AEA 144 MHz 
AEA 220 MHz 
AEA 440 M h z 
A N T E N N A S 

Complete Butternut Antenna 
Inventory In Stock' 

DIGITAL FREQUENCY COUNTERS 

BENCHER PADDLES. 
BALUNS. AUDIO FILTERS, 

IN STOCK 
MIRAGE AMPLIFIERS 

ASTBON POWER SUPPLIES 
Al lnco /Fa lcon Amps 

HEIL EQUIPMENT IN STOCK 

Now TEN TEC 
2591HT. Corsair II. Argosy I I . Century 22 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. NY 10012. 

Mm**, Y / i r k Cltu'm LARGEST STOCKING HAM DEALER 
1 * COMPLETE REPAIR LAB ON PREMIS! 

"Aqu l Sa Habla Espanol" 
BARRY I N T t R N A T i O M A l TUF.X 1?7670 
MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 

AUTHORIZED OlSTS Mf'KAY IWUf K FOR 
SHORTWAVE: ANIfNNAS 4 MfXfc IVt MS 

Ifl Til EX Spring St Slolion 
Subways: BMT Pnnco St Slalion 

IND F Itain Bwy S.a.,on 
Bus: B roadway "6 to Spung St g>«»i p«ir._9lh SI <61ti A.B SUIIbn 

We Slock AEA, ARRL. Aiphn. Amoco. Anlonnn Specialists. A&tntic. 
As Iron. R J K. 8 4 W, Bash, Benctwi. Bird. Bullomut CDS. CES. Collins 
Communication* Spec Conn«ctors. Covoictnll. Cur.herafi. 
Oaiwii. Dentron. Digimai. Dtnkc ETO (Alphn). Eimae. Encomm, Hell 
Sound. Hcnrv. Hustlci iNewironic'ii. Hy Oflin. Icom, KLM Knntronics. 
Larsen. MCM (Oaiwai, MPj, J.W Mailer. Mini Products, Mirage. 
Newtinnlcs, Nyc Vikmfl. Palomai. RF Products, Radio Amulcui Callbook. 
Robot. Rockwell Collins, Sn*iori, Shunt. Tcle». Tnmpo. Ten-Tee. 
Tokyo Hi Povmh. Trionyn TUBES. W2AU. Watxjr. Wifsoo, Vnosu Ham and 
Commercial Radios. Vocom. Vibropl«>«. Curtis. Tn-E». Wacom Ouple*e»s. 
Repeaters, Phoips Dodgn. Fnnon Intoreoms. Scanners Crystals , Radio 
P obi icat ions . 

WE HOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
kLFH'NOUlRlESlNVirf-D PHONf. IN ' OljROHOPH f> Bf. HStMBUMSED 

li COMMERCIAL RADIOS .tock.d & ..rvlc.d on »r«mli»i. 
A m a t e u r Rad io Courses G iven O n Our Premises , Cal l 
Export Order* Shipped ImmsdlaUly. TELEX 12-7670 

Q U A D S — T O W E R S — Q U A D S - T O W E R S - Q U A D S — 

i g 
S DO YOU WANT THE STRAIGHT g 
g INFO ON QUADS? " 
. H 
' Info on verticals, dipoles, mini-quads, ° 

cc Yagis, including comparative performances? m 
3 Without pulling any punches. u 
° Our references are ANY AMATEUR WHO I 
I USES A SKYLANE QUAD. g 

0) O u r p r i c e s a re l a w e t l h a n a n y c o m p a r a b l e > 

§ Q u a d or l o w e r § 

g Info on quads half a buck, and info on BOTH I 
I towers and quads lor a buck. Charge due to ^ 

in increased cost ol postage and printing. s 

SKYLANE PRODUCTS 
PO Box 2968 

Satellite Beach. FL 32937 
(30S) 773-1342 

- savno - SB3M01 - savno - sh3moi — savno 
197 

Crystal 
T Filters 

N E W FOR FT-757GX! 
Improve select iv i ty by replac ing your 
stock 2700 & 600 bandwid th f i l ters 
wi th genuine Fox Tango 8-pole drop 
ins; 2100Hz forSSB, 500 or 250 lor ON. 

INTRODUCTORY PRICES 
Reg. $60. Special $55 ea., $100 pr. 

SHIPPING S3 US. S5 Air IUS S Canada). 
S W Elsewhere • Order by mail or phone 

VISA/MC or COD accepted 
Ask About Our Fitters For Many Other Rigs 

FOX-TANGO Corp. 
Box 15944, W. Pa lm Bch, FL 33416 

Te lephone : (305) 683-9587 

• 177 

October 1985 M 135 



MOVING? 
KEEP HAM RADIO COMING .. 
If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 
Then complete your new address (or any 
other corrections) in the space provided 
and.we'll take care of the rest. 

ham 
f r s a f f i g l Allow 4-6 weeks for 

correction. 
Magazine 

Greenville, NH 03048 
Thanks tor helping us to serve you better. 

I \ r 
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How about an attractive BASEBALL style cap that 
has name and call on it. It gives a jaunty air when 
worn at Hamfests and it is a great help for friends 
who have never met to spot names and calls for easy 
recognition. Great for birthdays, anniversaries, special 
days, whatever opcasion. Hats come in the following 
colors: GOLD, BLUE. RED, KELLY GREEN Please 
send call and name (maximum 6 letters per line). 

LJUFBC-81 $6.00 

I.D. BADGES 
No ham should be without an I D. badge. It's jusl 
the thing for club meetings, conventions, and get-
togethers, and you have a wide choice of colors. 
Have your name and call engraved in either standard 
or script type on one of these plastic laminated I.D. 
badges. Available in the following color combinations 
(badge/lettering): white/red, woodgrain/white, blue/ 
white, white/black, yellow/blue, red/white, green/ 
white, metallic gold/black, metallic silver/black, 
f JUID Engraved I.D. Badge $2.50 

Please Enclose $1.00 
to cover shipping and handling 

r a d i o BOOKSTORE 
GREENVILLE, NH 03048 

iNEWI 
products 

cient heat exchangers to significantly reduce the 
coolant flow requirements. 

Of special interest to Amateurs is the EIMAC 
4CX1500BC, a ceramic-to-metal, high-gain power 
tetrode for service in VHF T V and RF linear 
power amplifiers. Forced-air cooled with an 
anode dissipation of 1500 watts, its sophisticated 
internal structure allows it to operate at full 
ratings to 450 MHz. 

For additional information or literature, con-
tact Varian EIMAC, 1678 Pioneer Road, Salt 
Lake City, Utah 84104. 

Circle 1303 on Reader Serv ice Card. 

dual-band mobile elements 

Larsen has launched a series of dual-band 
antennas for dual-band Amateur radios, while 
maintaining its usual high performance standards 
for both 2 meter and 70 centimeter Amateur 
bands. The new design incorporates a half-wave 
element for two-meter (144-148 MHz) Amateur 
band and collinear elements for 70 cm (440-450 
MHz) Amateur band. One antenna conveniently 
serves both bands while delivering exceptionally 
high performance. The self-resonant design 
needs no ground plane, allowing mast installa-
tion on boats and base stations with standard 
Larsen B S A - K hardware. 

For more information, contact Larsen Elec-
tronics, P.O. Box 1799, Vancouver, Washington 
98668. 

Circle 1304 on Reader Service Card. 

shared repeater tone panel 

Communications Specialists has announced 
the introduction of its new TP-38 Shared 
Repeater Tone Panel. Microprocessor controlled, 
the TP-38 provides all 38 EIA standard C T C S S 
tones to allow up to 38 subscribers without the 
need to purchase additional cards or program-
ming. All features are user-programmable and 
provided with each unit at one price. Built-in time 
and hit counters record the activity of all C T C S S 
tones on the repeater channel. The TP-38 has an 
ultra low current drain for solar or battery 
powered repeater sites, and is static and light-
ning protected. A non-volatile memory retains 
programming if a power loss occurs. A LED dis-
play (which may be turned off to conserve 
power! shows all received C T C S S tones when 
they occur, whether they are active in the panel 
or not. An automatic self-test is activated with 
each power-up. Any of the 38 available tones 
may be initiated from the repeater to call down 
a user for testing purposes. With the addition 

of the TP-DTMF, an optional, low cost DTMF 
module, all functions may be performed re-
motely, using a common 12 or 16-button touch-
tone pad (secured with a five-digit security code). 
This allows any of the 38 tones to be remotely 
turned on or off, and allows the time and hit in-
formation to be interrogated remotely. 

The TP-38 Shared Repeater Tone Panel and 
the TP-DTMF Remote Control Module are both 
available for immediate delivery from stock and 
are covered by a full one-year warranty. Prices 
are $595.00 for the TP-38 and $59.95 for the 
TP-DTMF. 

A catalog and further information are avail-
able from Communications Specialists, Inc., 
426 West Taft Avenue, Orange, California 
92665-4296. 

Circle 1305 on Reader Serv ice Card. 

compact antenna 

The Isotron 160 from Bilal Company is only 
22 inches tall, 16 inches wide, and 15 inches 
deep. Although this may seem small, the Isotron 
160 has a total surface area of over 900 square 
inches, 200 square inches more than a 1 /2-wave 
dipole made from No. 12 wire. It has a tested 
bandwidth of 100 kHz within a 2:1 S W R and will 
handle the full legal limit of power. It is also ad-
justable anywhere on the 160-meter band. 

Like Bilal's other models, the Isotron 160 does 
not require any tuning devices or radial system. 
The hardware is stainless steel and plated and 
comes complete except for the mast. 

The price of the Isotron 160 is $149.95, plus 
$5.50 for shipping. 

For further details, contact Bilal Company, 
S . R . 2, Box 62, Eucha, Oklahoma 74342. 

Circle #306 on Reader Service Card. 

HF slopers 

Sultronics Amateur Radio announces the 
introduction of the "second generation" of its 
compact HF sloper antennas for the 160-80-40 
meter bands. Featured are two models: the 
S S - 2 A Duoband Sloper which covers 80 and 40 
meters, and is 45 feet long and the SS-3A Tri-
band Sloper, which covers the 160-80-40 meter 
bands and is 60 feet long. 

Both models feature standard 50-ohm coaxial 
feed and "no-trap" construction. Second gen-
eratin slopers use only stainless steeel hardware 
and have heavier duty No. 12 solid copper drawn 
wire for more strength and bandwidth, an 
Amphenol coax connector, and a heavy duty 
aluminum tower mounting bracket. Both models 
are easily tuned for resonance by following the 
illustrated instruction manual. 

The S S - 2 A Duoband (80-40) Sloper is priced 
at $27.95, while the S S - 3 A Triband 1160-80-40) 
Sloper is priced at $39.95 (ppd). 

For more information, contact Sultronics 
Amateur Radio, 1587 U.S. 68 North, Xenia, Ohio 
45385. 

Circle 1307 on Reader Service Card. 
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market 
RATES Noncommercial ads 10C per word; 

commercial ads 60$ per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

ESTATE SALE for the family of NSC IP. All equipment in mini 
condition, some brand new. TR7, PS7, R7, MN2000, MN2700, 
WH7, P75, SP75. HAL 3100ASR, ST6000, AEA 150, IC271H, 
SPS20, TB5EM and other parts. Send SASE for complete list. 
Call KD5E (409) 632-5625 or (409) 634-4317. 

FHEE 3 month subscription. Send callsign to WestlinN Report-
H10, 28221 Stanley Court, Canyon Country, CA 91351. New 
only! 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240± Sundays 1900Z also 3 .880± 
Tuesdays at 2359Z Net control N5BDN. Clarksville, IN 

SCHEMATIC: Radio receivers 1920's/60's. Send brand name, 
model No., SASE. Scaramella. PO Box 1, Woonsocket, Rl 
02895-0001 

LET THE WORLD KNOW what you would really rather be do-
ing! Get your " I ' d rather be DXing" bumper sticker with 
"Amateur Radio" written down the sides. Red and black, vinyl 
and removable, so it won't hurt your car. $2.00 plus 50t 
postage to Bumper Sticker, PO Box 6349, Evansville, IN 
47712. 

Foreign Subscription Agents 
for H a m Radio M a g a z i n e 

Ham Radio Austria 
Kaon Ueber 
Postfach 2454 
0-7850 Loerrach 
West Germany 
Ham Radio Belgium 
Slereohouse 
Brusselsesieemveg 4 i 6 
8-9218 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
Nl-7800 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 
S-194 02 Upplands Vasby 
Sweden 

Ham Radio f ranee 
SM Electronic 
20 bis. Ave des Clarions 
F-89000 Auxerre 
Franco 

Ham Radio Germany 
Karin Ueber 
Postfach 2454 
O-7850 Loerrach 
West Germany 

Canada 
Send orders to 
Ham Radio Magazine 
GreenviHe, NH 03048 USA 
Prices in Canadian funds 
1 yr $29.96. 2 y'S. $53 30 
3 yrs. $75 40 

Ham Radio Italy 
Via Pordenone 17 
1-20132 Milano 
Italy 

Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
0-7850 Loerrach 
West Germany 

Ham Radio England 
do R.S.G.B 

Alma House 
Cranbome Road 
Potters Bar 
Herts EN6 3JW 
England 

Holland Radio 
143 Greenway 
Greenside, Johannesburg 
Republic of South Africa 

PHELPS DODGE duplexers for two meters, model No. 497, 
6cavity, $600 each, HAL ID-1A repeater ID'er, 19" rack mount, 
110V power supply, $50. VHF Engineering two meter repeater 
complete with logic, $325 K1KYI, Richard Fairweather, Har-
risville, Rl 02830. (401) 568-3468 between 8-9:30 PM EDT. 

2 METER AMP KIT: 8877 legal limit Kit $395. 3CX800A7 900W 
kit $325 Also HV power supplies, CX600N relays, parts and 
EME newsletter. SASE for catalog. 2 Meter EME Bulletin, 417 
Staudaher St., Bozeman, MT 59715 

BACK ISSUES QST, 73, Ham Radio. Stamp for list. Koepke, 
6 Katherine Rd „ Albany, NY 12205, 

WANTED: Regency XL2000 transceiver or new 10 channel 
148-162 MHz or Wilson WH2510. PO Box 929, Blacksburg, 
VA 24060-0929, (703) 382-4458 

WANTED: Ten-Tec Argosy 525. Mike Kaufman, K6VCI, 107 
Suffield Avenue, San Anselmo, CA 94960. 

CABLE TV CONVERTERS DESCRAMBLERS. Jerrold, 
Hamlin, Zenith — many others. Factory units/lowest dealer 
prices. Complete illustrated catalog, $2.00. Pacific Cable Co., 
Inc., 7325-1/2 Reseda Blvd., Dept. 1005, Reseda, CA 91335. 
818/716-5914. 

NEW VLF 2 kHz-500 kHz products by K1RGO. L-101B VLF 
converter, L-201 VLF broadband preamplifier, L-400 VLF ac-
tive antenna and more. Write for Iree catalog. LF Engineer-
ing Co., 17 Jeffry Road, East Haven. CT 06512. 

ICOM AND KENWOOD SEPARATE NEWSLETTERS: 5 years 
of back issues! Now available TS930S & 430S users modifica-
tions supplement. Send 39C SASE for 12 page FREE Brochure 
to: International Radio, Inc., 1532 SE Village Green Dr., Suite 
L, Port St. Lucie, FL 33452. 

HELP: Need schematic for Knight 2-meter transceiver Model 
TR-108. Will pay for copy. Ph. (209) 626-4219. KB6JDT, 
Donald M Cox, 318 Park Blvd., Orange Cove, CA 93646 

SIGNAL GENERATORS, URM-25D, 10 kHz thru 50 MHz 
$245.00, URM-26B, 4 MHz thru 405 MHz $245.00, HP614A. 
900 MHz thru 2100 MHz $345.00, HP618B, 3.8 GHz thru 7.6 
GHz $375.00, HP608C 10 MHz thru 480 MHz $345.00, 
TS-510/U 10MHz to 420 MHz $295.00. All lab calibrated. Have 
good stock so order today. We accept M/C, VISA, or check. 
FOB Otto, Immediate shipment. Phone Bill Slep 704-524-7519. 
Slep Electronics Company, Highway 441, Otto, NC 28763. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy. FREE information. C&D Electronics, 626 Flower-
dale, Dept. HR, Ferndale, Ml 48220. 

TR-7 USERS: NB-7 Noise blanker (new) $65.00 ppd. HS-75 
headset (padded) new $14.00 ppd. SL-300, SL-500 CW filter 
$55.00 ea. ppd. K3UKW, Tony Musero (215) 271-8898. 

FOR SALE: Kenwood TR-7800 two meter transceiver 
$200.00/offer; Regency & Halicrafters 150-174 MHz receivers 
$15.00 each; Realistic SSB/AM CB $75.00. WB9YBM, Klaus 
Spies, 8502 Oketo, Niles, Illinois 60648. 

ELECTRON TUBES — Radio & TV types 75% off list price 
— huge inventory! Also Industrial types. Send for Free Catalog 
today or ca l l Tol l Free (800) 221-5802. Box HC, 
Transleteronics, Inc., 1365 — 39th Street, Brooklyn, NY 
11218. See our display ad this issue. 

IMRA, International Mission Radio Association helps mis-
sionaries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 
PM Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, t Pryer Manor Road, Larchmonf, New York 10538. 

ELECTRON TUBES: Receiving, transmitting, microwave . . 
. all types available. Large stock. Next day delivery, most 
cases. Daily Electronics, PO Box 5029, Compton, CA 09224 
(213) 774-1255. 

CHASSIS and cabinet kits, SASE K3IWK, 

CUSTOM MADE embroidered patches. Any size, shape, col-
ors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept. 301,4202 N. Drake, 
Chicago, IL 60618. 

CX7 REPAIRS. 415-549-9210 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal index. 
PO Box RY, Cardiff, CA 92007. 

TRS-80 Model l/lll/IV owners. HP antenna design program 
calculated dimensions for dipole. yagi, and quad antennas. 
$14.95 (cassette) + $2.00 s&h to Cynwyn, Dept. H, 4791 
Broadway, Suite 2F, New York, NY 10034. 

OLD RADIO transcription discs wanted. Any size, speed 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdaie Way, San Diego, CA 92117. SASE 
brings information. 

AMATEUR RADIO CLASSES: Chelsea Civil Defense will 
sponsor evening classes at Chelsea High School starting Oc-
tober 16, 1985, for Novice (basic level ham license), and 
Tech/General licenses. Minimal cost for materials only. For 
information: Frank Masucci, 136 Grove Street, Chelsea, MA 
02150. 

Coming Events 
ACTIVITIES 
"Places to go..." 

INDIANA: The Allen County Amateur Radio Technical Socie-
ty's 13th annual Fort Wayne Hamfest, Sunday, November 10, 
8 AM to 4 PM, Allen County Memorial Coliseum, Coliseum 
Blvd., U.S. 30. Indoor tables available $8.00, AC power ex-
tra. Premium tables with AC $20.00 each. Admission $3.50 
advance, $4.00/door. Children under 11 free. Ladies' activities, 
forums, banquet Saturday night. Nearby motels and 
restaurants. VE exams Saturday, November 9 advance 
registration only. Talk in on 146.28/88. For information or reser-
vations: AC-ARTS Hamfest, PO Box 10342, Fort Wayne, IN 
46851 

GEORGIA: Ham Radio and Computer Expo '85, sponsored by 
the Alford Memorial Radio Club of Stone Mountain, Gwinnett 
County Fairgrounds, Lawrenceville, 20 minutes NE of Atlanta. 
Saturday November 2, 9-5; Sunday, November 3, 9-4 Admis-
sion $4,00 advance, $5.00/door. FCC license exams both days. 
Free cookout Saturday night. Activities for the whole family. 
RV sites with hookups on site. Talk in on 146.16/146/76. For 
information and reservations: Alford Memorial Radio Club, PO 
Box 1282, Stone Mountain, GA 30086. (404) 476-2944. 

NEW JERSEY: Stateline Hamfest sponsored by the Stateline 
Radio Club, NY and NJ, November 16, St, Andrews School, 
120 Washington Avenue, Westwood, NJ. Doors open 8 AM. 
Tickets $3.00/gate. Tailgaters $6.00/space. Vendors $10.00 ad-
vance by 10/31/85. $13.00/gate. VEC testing. Food and 
refreshments. Talk in on 146.835 K3LSA Rpt. For information: 
Stateline Hamfest, Stateline Radio Club, PO Box 325, Mont-
vale, NJ 07656 or call Fred, N2ATI (201) 664-5320. 

ILLINOIS: EARS, Inc. Hamfest, Sunday, November 10, 
Harlem Community Center, 900 Roosevelt Road, Machesney 
Park. Advance tickets $3.00/SASE. $4.00/door. Inside tables 
$5.00 each. Talk in on 146.01/.61. For information: EARS, Inc., 
PO Box 4291, Rockford, II 61110. 

IOWA: The Muscatine and Iowa City Amateur Radio Clubs 
will co-sponsor the SE Iowa Hamfest, Sunday, October 6, rain 
or shine, West Liberty Fairgrounds; West Liberty. Gates open 
7 AM. Indoor/outdoor flea market. Saturday night camping 
available on grounds, nominal charge. ARRL/VEC exams, pre-
registration suggested. Tickets $3.00/advance and $4,00/gate. 
For further information KE0Y, Tom Kramer, 905 Leroy Street, 
Muscatine, IA 52761 (319) 264-3259. 

OHIO: Marion Amateur Radio Club's 11th annual "Heart of 
Oh io" Ham Fiesta, Sunday, October 27, 0800 to 1600 hours, 
Marion County Fairgrounds Coliseum, Tickets $3.00/advance. 
$4.00/door. Tables $5.00. Check in on 146.52 or 147.90/30. 
For information, tickets or tables: Ed Margraff, KD80C, 1989 
Weiss Avenue, Marion, Ohio 43302. (614) 382-2608. 

ALABAMA: S P A R C. 1st annual Swapmeet and Packet ex-
hibit, Lee County Fairgrounds, US 431, October 19, 
Opelika/Auburn. 10 AM to 5 PM. Spaces $5.00 per vehicle 
advance; $7. OO/gate. $1.00 gate donation. Free parking. 
Packet demonstrations by BobMcGwier, N4HY. Reservations 
contact: Ray, PO Box 2423, Opelika, AL 36803-2423. For in-
formation call Ray (205) 74S-2838, Gene (205) 821-8010, Dan-
ny (205) 745-7455. Talk in on 147.06/66. 

PENNSYLVANIA: RF Hill ARC's 9th annual Hamfest, Sun-
day, October 29, Pennsylvania National Guard Armory, Rt. 
152, SellersvMIe Indoor ($8) and tailgating ($6) space available. 
Sellers set 6 AM. Buyers admitted 8 AM. Tickets $3.00. Non-
ham spouses and children free. For indoor spaces cad 
WB3AIG (215) 874-4800, ext. 515. Tailgating space first come, 
first served. Talk in on 144.71/145.31,146.28/88 and 146.52. 

TENNESSEE: The 7th annual Amateur Radio and Computer 
Convention, October 26 and 27, new Convention and Trade 
Center, Chattanooga. Free admission. All indoors. VE exams 
both days. 8' flea market tables $6/ day; $10/both days. Power 
$5 extra. Talk in on 146.19/.79. For information: Hamfest Chat-
tanooga, PO Box 3377, Chattanooga, TN 37404 or call Nita 
Morgan, N4DON (404) 820-2065. 

FLORIDA: The 10th annual South Florida ARRL Suncoast Con 
vent ion, October 12 and 13, National Guard Armory, St. 
Petersburg. Note new location: QCWA luncheon Saturday. Luau 
Saturday night and Ladies' luncheon Sunday. Special 
demonstration on packet radio for beginners and advanced 
operators. VE exams Saturday morning. Registration $3.00. 
$4.00/door. For tickets and hotel rooms: FGCARC, 1556-56th 
Avenue N, St. Petersburg, FL 33703. Checks payable to 
FGCARC. 

RF DESIGN PROGRAM calculates stability, gain, noise figure 
circles, and more. For C-64 and IBM-PC, $29.95. Jim Allyn, 
N7JA, 7000 LHchford Road. #26, Raleigh, NC 27609. 

MINNESOTA: Hamfest Minnesota and computer Expo, spon-
sored by the Twin City FM Club, November 2, Richfield High 
School, 7001 Harriet Avenue S, 8 AM to 3 PM. Admission 
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$3.00/advance, $4.00/door. fCC exams, giant indoor ftea 
market. Talk in on 16/76. For information: Clyde R. Green, 
NODVP, 5406 Zealand Avenue N , New Hope. MN 55428 or 
Twin City FM Club, Box 555, Minneapolis, MN 55440. 

MASSACHUSETTS: Giant electronics auction sponsored by 
the Hampden County Radio Association, November 1, 
Granger School, Feeding Hills sterling 7:30 PM. Sponsor takes 
10% commission on all sales. Proceeds benefit club projects 
including building an emergency communications system. No 
admission charge. Public invited. Refreshments available. For 
information: Ron Beauchemin (413) 739-5228. 

TEXAS: The Austin Amateur Radio Club's Fall Swapfest, Oc-
tober 19, 8 A M to 1 PM, Manchaca Fiie Hall, Manchaca. Farm 
Road 1626 west of IH-35. Covered and open-air spaces. Setters 
may bring own tables. Indoor tables $2.00 each, first come, first 
served. Dealers welcome. Admission is free. Talk in on 
146.19/.79 or 16.34/.94. For information: Jim Strohm, KA5UXC, 
1743 Cricket Hollow Drive, Austin, TX 78758. (512) 837-5423 or 
837-4352. SASE for map and information. 

TENNESSEE: The 5th annual Tri-Cities Hamfest sponsored 
by the Johnson City and Kingspori Amateur Radio Clubs, Oc-
tober 19, Appalachian Fairgrounds, Gray. Forums, dealers, 
flea market and RV hookups. For information: Tri-Cities 
Hamfest, PO Box 3682 CRS, Johnson City, TN 37601. 

MICHIGAN: 3rd annual Hamfest/Electronic Flea Market, Oc-
tober 27, Kalamazoo County Fairgrounds. Kalamazoo. Admis-
sion $2 00/advance: $2.50/doot. 8' table space $6. Dealer 
setup 8:30 AM. Doors open 9 to 4. Ham license testing 10 
AM, limited walk-ins. For tickets/tables: Ken, KA8RUA, 2825 
Lake Street. Kalamazoo, Ml 49001. 

GEORGIA: Rome Hamfest sponsored by the Coosa Valley 
ARC, Sunday, October 6, Rome Civic Center, GA Highway 
20. Admission free. Homemade Bar-B-Cue and stew. Camper 
parking available, no hookups. Inside tables $5. outside $3. 
Fun for the whole family. Talk in MI 147.900/300 Contact Bud-
dy Waller, N04U, 24 Wellington Way, SE Rome, Georgia 
30161. (404) 235-5417. 

NEW HAMPSHIRE: Hosstraders annual Fall tailgate swapfest. 
Saturday, October 5, Deerfield Campgrounds. Donation $2 
per person sellers included. Profits benefit Shriners' Boston 
Burns Center. Our May Swapfest gave $6,960. Friday night 
camping at nominal fee after 4 PM. Talk-in on .52 and 
146.40-147.00. For information SASE to Norm, WA1IVB, RFD 
Box 57, West Baldwin, ME 04091. 

OPERATING EVENTS 
"Things to do . . ." 

October 12: Hermiston Amateur Radio Club's KD7LC will be 
on the air 1800-0100Z and 1800-2200Z, October 13 to com-
merate the 104th anniversary of Lewis and Clark's visit to Hat 
Rock. To receive special certificate send 9x12 SASE to HAftC, 
PO Box 962, Hermiston. OR 97838. November 10: In obser-
vance of Veterans' Week, members of the Hamfesters Radio 
Club, Chicago, will operate from the Robert K. Wade (K9CDH) 
Memorial Ham Shack, Hines VA Hospital using the Hines Club 
call K9WFN, 1500Z to 0300Z. 40, 20, 2m FM, 2m USB. For 
a certificate, send QSL and 9x12 SASE to Hamfesters 
RadioClub, Inc., Chicago, c/o Robert K. Wade Memorial Ham 
Shack, Hines VA Hospital, Hines, Illinois 60141. 

October 12: Members of the Capeway Radio Club will com-
memorate the 350th anniversary of Plymouth County (Mass) 
from October to October 20. For a certificate send a large 
SASE with 39 cents postage and OSL to. Ray Witt, WAlOWQ. 
62 Caldwell St., No. Weymouth, Mass. 02191 

October 5: A special event station, KN5D, will operate from 
the annual International Hot Air Balloon Fiesta, Albuquerque, 
New Mexico, October 5 through October 13. Also a gateway 
station through Oscar 10, conditions permitting. QSL to KN5D, 
PO Box 997, Corrales, NM 87048. 

October 27: Laurel ARC will operate special event station 
W3DQI, 1500Z to 2230Z to help celebrate the anniversary of 
the restoration of the Montpelier Cultural Arts Center of Mont-
pelier Mansion in historic Laurel. MD. 8x11 certificate for 
SASE. OSL to LARC, PO Box 91, Annapolis Junction, MD 
20701. 

October 15: The Colquitt County Ham Radio Society wilt 
operate dub station WD4KOW from the site of the 8th annual 
Sunbelt Agricultural Exposition, October 15,16 and 17.0900 
to 1700 EDST each day. The Sunbeft Expo is at the Spence 
Field Airbase, near Moultrie, Georgia. A special OSL card is 
available for those making contact and sending a SASE. 

October 19: JOTA — Scouts 28th annual Jamboree on the 
Air Look for K2BSA, the BSA headquarters station in Dallas, 
Texas and HB9S, the World Scout Headquarters in 
Switzerland and other special call signs from many countries. 
Requests (or certificates should go to Jamboree on the Air, 
1325 Walnut Hill Lane, Irving, TX 75038 with large SASE. En-
courage scouts in Amateur Radio. 

October 26: The St. Peters, MO. ARC will operate 1700Z Oc-
tober 26 to 1700Z October 27 from the Daniel Boone Home, 
Femme Osage Valley, St. Charles County, to commemorate 
where Boon spent the last two decades of his life. Listen for 
KB0J. Certificate via Bob Goin, KA0IKU, 3112 Powder Horn 
Trail, St. Charles, MO 63301. 

H a m Modio's (§ktoBerfest 
AEA MORSE UNIVERSITY © 
Contains • C-64 code training cartridge software package 

(no disk or cassette necesssary). 
• ARRL's Tune In The World With Ham Radio 

Great NEW way to study for your Novice License! 
This brand new package contains all one needs to learn the code 
and theory for the Novice class Radio Amateur exam. Basic 
code is taught using a character by character teaching routine. 
Practice can be either with individual letters or in groups of up 
(o nine characters. Proficiency is developed through practice 
sessions that can be: progressively speeded up during the ses-
sion, either random characters or five letter groups, Farnsworth 
(high speed characters, slow spacing) or slow speed sending. 
AEA has incorported a video game to make the code learning 
process even more fun. You can also enter text from the 
keyboard for "customized" practice sessions or as an example 
of how code should sound. An analysis routine is included so 
that the computer can check one's progress in learning the 
code. ARRL Tune In The World booklet will give you all you 
need to know to pass the Novice theory and regulations Exam 
Great state-of-the-art teaching device. Sure to be a hit this fall. 
Get one now. It's a great holiday season gift! 

•AEA-MU (For C-64) $39.95 

COMMUNICATIONS SATELLITES 
by Larry Van Horn 

Here's the most exhaustive text ever written about com-
munications satellites! Easy-to-read text along with plenty 
of pictures and illustrations make this new book a veritable 
gold mine of information. Nine chapters include: OSCAR, 
weather, domestic and international communications 
satellites. DBS, space shuttle, U.S. Military and space 
surveillance systems and Soviet Space program. Also in-
cluded are four appendices on satellite frequency cross 
references, satellite compendium, current geostationary 
satellites and a bibliography. Must reading for all satellite 
users. ©1985 1st edition 216 pages. 
•GE-CS Softbound $12.95 

ARRL Q&A LICENSE MANUALS 
ALL LICENSE CLASSES NOW 
AVAILABLE! 
ARRL Q&A License Manuals are keyed to the latest FCC 
Exam syllabi now in use by the Volunteer Examiners. 
These books are written in an easy-to-read converstional 
style that enhances understanding without scaring the stu-
dent away. All technical subject areas are explained in clear 
terminology and with plenty of illustrations, diagrams and 
schematics. Rules are also fully covered. Each book has 
the official ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for reference 
to other study publications. These are the study guides to 
have. All books ©1985 1st Editions. 
•AR-TG General Softbound $5.00 
•AR-AG Advanced Softbound $5.00 
•AR-EG Extra Softbound $5.00 

ARRL OPERATING MANUAL 
Brand New 2nd edition. Just releasd and fully revised! This 
book tells you all about how to operate your station. 
Message handling, emergency traffic, tips for successful 
contesting and DX'ing are fully covered as well as new 
sections on digital communications and satellite operation. 
The reference section has been greatly expanded to include 
many new entries. ©1985 2nd Edition. 
•AR-OG Softbound $5.00 

ANTENNA COMPENDIUM 
edited by ARRL Staff 

This book has more than 20 antenna articles that have 
never been published before. Subjects covered include: 
Quads, Yagis, Phased Arrays, Log Periodics, Subsurface 
Antennas. "The Old Spruce Antenna", as well as discus-
sions on Smith Charts, antenna design, the G5RV multi-
band antenna and antenna polarization. Great summer 
reading and full of ideas tor Fall '85 antenna projects. 
©1985. 1st Edition. 

•AR-AC Softbound $9.95 

THE SKEPTICAL CONSUMER'S 
GUIDE TO USED COMPUTERS 

by Ed Kahn and Charles Seiter 
There are three reasons tor selling a computer. (1) The 
owner is trading up; (2) the owner is not really interested 
in computing; (3) the machine is a dud. This book will help 
you buy a used computer that will meet your computing 
needs and will keep you from buying someone else's white 
elephant. Full descriptions of the various machines' 
strengths and weaknesses are given with recommendations 
on which computers to buy ana which machines to stay 
away from. ©1985 1st Edition 200 pages. 
•TP-SC Softbound $9.95 

COMPUTER WIMP 
by John Bean 

"166 things I wish I had known before I bought my first 
computer Based upon ten years of often frustrating ex-
perience, this light-hearted, text is designed to help you 
learn about computers and to make intelligent decisions 
about their purchase. Author Bean first examines common 
pitfalls about purchasing a computer. He then examines 
warrantees, how to deal rationally with malfunctions, how to 
buy by mail, how to talk "technobabble" or computerese, 
how to avoid computer phobia, games, software piracy and 
much more. 1st Edition 285 pages ©1983 
•TP-CW Softbound $9.95 

SOFTWARE FOR AMATEUR RADIO 
by Joe Kasser, G3ZCZ 

Packed with practical computer applications and tested and 
debugged programs that can be adapted simply and easily 
to almost any microcomputer. You get BASIC programming 
concepts as well as how to interface your computer to 
your radio. Programs include: digital communications 
RTTY, Packet, computer aided design and circuit analysis 
as well as data base programs for record keeping, logging, 
and awards. Easy-to-understand explanation of Baudot and 
ASCII codes and guidance on hardware dependent soft-
ware. ©1984 1st printing 284 pages. 
•T-1560 Softbound $15.95 

COMPUTER PROGRAMS FOR 
THE RADIO AMATEUR 

by Wayne Overbeck, N6NB, and Jim 
Steffen, KC6A 

Here's the best source book of computer programs tor the 
Radio Amateur. Besides covering computer basics, this 
book gives you programs that will help you log, determine 
sunrise/sunset times, track the Moon's path across the 
sky, use Greyline propagation and set up record systems 
for WAS, DXCC and VUCC, or any other award. You can 
either buy the book alone or you can buy the book with 
the programs already on disk. Take full advantage of your 
computer with this well written source book. ©1984, 1st 
edition, 327 pages. 

Program Listing 
Data Bate Mgmt. 
Logs, Awards Data Base, Gridlocator 
Latitude/Longitude Programs 
Data File, Beamheadings, DX Display, Sunrise Chart, 
Greyline, OX Checker 
Contast and Duping 
Oupechecker, General Contest Logger, 
Field Day Logger, Sweepstakes Logger, Log Print 
Antenna Programs 
Antenna Scaler, Matching Evaluator, Vertical Pattern Plotter 
EME 
EME System Calculator, Sky Locator, Moontracker 
•HA-0657 Softbound $17.95 
•HA-0657 book with program disk $29.95 

specify computer (see list below) 
•Program disk alone $19.95 

specify computer (see list below) 
Programs available for. Apple II (DOS 3.3). IBM PC-DOS. 
TRS-80 Model I and Model III and Commodore C-64. 
Please mark your order with the program disk you want. 

Z l S Z T l — — radio 
Please add $3.50 shipping and handling. 
Phone orders 8:00 a.m. to 4:30 p.m. EST 
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THE GUERRI REPORT^ 
RF effects — the 
good and the bad 

We're all familiar with the conven-
ient way in which microwave ovens 
quickly cook even large pieces of food. 
A little closer look at our friendly oven 
will reveal that considerable effort has 
gone into making sure that the micro-
wave radiation doesn't leak out, and 
that the unit won't operate unless the 
door is closed and locked. There's 
good reason for this — human tissue 
is very sensitive to radiation, and the 
effects are cumulative. 

The American National Standards 
Institute (ANSI) has developed a 
"whole-body" standard for human ex-
posure to radiation (fig. 1). 

There is not general agreement on 
the levels set in the ANSI standard, 
and these levels have not been 
adopted by the Environmental Protec-
tion Agency. Several countries have 
standards which are considerably more 
restrictive than ANSI's, and some per-

mit levels of only 1/10th the U.S. 
amount. This lack of agreement only 
serves to emphasize that one should 
err on the side of conservatism in such 
a critical area. 

It's important to note that the most 
dangerous frequency ranges include 
the Amateur bands from about 10 
meters through 450 MHz, and that 
some parts of the body are more sen-
sitive than others. Human eyes, for ex-
ample, are several times more sensitive 
to RF than limbs. It would be wise for 
Amateurs who use handheld trans-
ceivers in the VHF/UHF region to 
make sure that their antennas are 
pointed well away from their faces 
when transmitting. Separate antennas 
are safest for power levels greater than 
3 to 5 watts. 

Similarly, care should be taken 
when sending high power to antennas 
mounted directly on the roof of a 
house; the field strength inside the 
house can easily exceed the ANSI 
limits. Never stand directly in front of 
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fig. 1. A N S I whole-body R F exposure. 

a high gain VHF/UHF or microwave 
antenna when applying any appreci-
able power. 

There are positive uses for the appli-
cation of RF energy to the human 
body, however. Considerable work is 
being done to examine the therapeutic 
effects of various RF fields. The results 
are encouraging. Both thermal and 
non-thermal effects have been ob-
served to diminish or eliminate tumors, 
and pulsed RF can enhance bone 
growth in the healing of fractures. Ex-
periments in the 30 MHz region have 
shown that nerves and related tissues 
can actually regenerate when exposed 
to levels of about 50 mW/cm2 — much 
higher than the ANSI whole-body 
standard. 

It would appear that RF is like many 
of the chemicals our body needs. Deliv-
ered in just the right quantity, at just the 
right rate, they make us healthy. Mis-
used, they can be dangerous. 

solar cells achieve 
high efficiencies 

We all know that solar cells make 
fine power sources for calculators and 
NASA vehicles. But we may soon rea-
lize a wider range of benefits from 
these long-touted devices. Tests at 
Sandia National Laboratories in New 
Mexico have confirmed that high tem-
perature gallium arsenide cells can 
yield efficiencies of over 25 percent. 
Silicon cells housed in concentrators 
that focus light on the cell surface have 
demonstrated conversion efficiencies 
of 17 percent, with prospects for im-
provement of another 1 to 2 percent 
in the near future. The cost of the 
overall cell-lens assemblies is still high 
— nearly $10/watt in small quantities. 
However, with such significant im-
provements in efficiency, researchers 
can soon concentrate on ways to 
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reduce costs arid contemplate true 
commercial ization of solar electric 
panels. 

right on 
The stirring vision of a pilot in the 

cockpit w i th a silk scarf, goggles, and 
only a compass to guide him, long ago 
gave way to an image of a much 
calmer environment, complete w i th 
autopilot. Then about 20 years ago the 
autopi lot began to be replaced — on 
long fl ights — w i th inertial navigation 
systems (INS) offering typical errors of 
less than one degree/hour of dr i f t . 

Cont inued improvemen ts have 
brought us to the point of laser beams 
il luminating reflective spheres only a 
few microns in diameter, as the main 
inertial element in a gyro. These little 
spheres spin at more than 200,000 
RPM, which means that they don ' t 
dri f t much wi th t ime. Complex elec-
tronics keep track of the exact position 
of the sphere and correct the overall 
gyro accuracy by a position fix against 
a GPS (Global Posit ioning Satellite). 
The resulting navigation system per-
mits f lying intercontinental distances 
wi th only a few hundred meters of total 
course error. To top it of f , laser gyros 
on a chip are expected to be available 
in 1988-89. 

Now, imagine a modern Robin Hood 
wi th his sheaf of " s m a r t " arrows — 
laser guided and microcomputer con-
trolled, each w i th a memory for its 
specific target: deer, fox, rabbit . . . 
and so on. He wou ldn ' t even have to 
shoot the arrows — just th row 'em — 
by the handful! What hath technology 
wrought? 

ham radio 

Invitation to Authors 

ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated!. 

Kantronics 

UTU-XT 

UTU-XT could be the last terminal unit you every buy. 
Smarts, Versatility, and Compatibility combine to make 

UTU-XT the Do-It-All Terminal Unit. 

^ ^ m f l F T U T U ~ X T i s Smart because it requires no 
• " external decoding program. An internal 

microprocessor decodes CW, RTTY, ASCII, and AMTOR. The in-
ternal program is easily accessed by a communications or terminal 
progratn, like those used with phone modems. 

U T U - X T is Versatile because i t X / o r Q Q ^ l l o 
offers selectable shift and sensi- ** N ^ l fcllW 
tivity controls. Shift, baud rate, and Mark and Space frequencies 
can be programmed by the operator. The six-pole switched capaci-
tance prelimiter filter changes for opt imum performance on shift 
selected, Limiter or limiterless operation allows sensitivity levels of 5 
or 10 mvRMS. 

iatible 
* t 

m 

j f J T j r j I f c * UTU-XT means Uni-
versal Compatibility, 

serial RS232 or TTL port can interface with 
use UTU-XT is universally compatible you 
srminal unit if you choose to up-grade your 

AH The Features You Need 

nation contact your local authorized 
ltronics dealer, or write: 

Ml Kantronics 
E. 23rd Street (913) 842-77/15 

rence, Kansas 66046 

^ 204 October 1985 ffl 143 



NOVEMBER 1985 / $2.50 

magazine 

mr 

build this 
compact 
75-meter jHBr 

monoband 
transceiver 

stable LO's for microwave receivers • 10-80 meter 
homebrew receiver • adding digital frequency readouts to 
transceivers • scanner for CB-to-10 meter conversions 
• externaI receiver product detector • build a handy RF 
probe • plus W6MGI, W1JR, W6SAI, W9JUV, and K0RYW 

communications 
technology 



NOVEMBER 1985 
volume 18, number 11 

T. H. Tenney, Jr., W1NLB 
publisher 

Rich Rosen, K2RR 
editor-in-chief 

and associate publisher 

Dorothy Rosa, KA1LBO 
assistant editor 

J o s e p h J . Schtoeder . W 9 J U V 
Alfred Wi l son , W 6 N I F 

associate editors 
S u s a n Sho r rock 

editorial product ion 

editorial review board 
Peter Bertini, K 1 Z J H 

Forrest Gehrke, K 2 B T 
Michae l Gruchalla, P.E. 

B o b Lewis. W 2 E B S 
M a s o n Logan , K 4 M T 

Ed Wetherho ld, W 3 N Q N 

publishing staff 
J. Craig Clark, Jr., N1ACH 

assistant publisher 
Rally Dennis, KA1JWF 

director of advertising sales 
Oorothy Sargent , K A 1 Z K 

advertis ing product ion manager 
S u s a n Sho r r ock 

circulation manager 
Therese Bourgaul ? 

circulation 

ham radio magazine is published monthly by 
Communications Technology, Inc. 

Greenville. New Hampshire 03048-0498 
Telephone: 603 878-1441 

subscription rates 
United States: 

one year. $19.95; two years. $32.95; three years. $44.95 
Canada and other countries I via surface mail): 

one year. $22 95; two years. $41.00; three years. $58.00 
Europe. Japan, Africa (via Air Forwarding Service): one year. $28.00 

All subscription orders payable in U S funds, via international 
postal money order or check drawn on U.S. bank 

i n t e r n a t i o n a l s u b s c r i p t i o n a g e n t s : page 138 

Microfilm copies are available from 
University Microfilms, international 

Ann Arbor, Michigan 48106 
Order publication number 3076 

Cassette tapes of selected articles from ham radio 
are available to the blind and physically handicapped 

from Recorded Periodicals, 
919 Walnut Street. Philadelphia, Pennsylvania 19107 

Copyright 1965 by Communications Technology. Inc 
Title registered at U.S. Patent Office 

Second-class postage paid 
at Greenville, New Hampshire 03048-0498 

and at additional mailing offices 
I S S N 0148-5989 

S e n d change of addreec to ham radio 

Greenville. New Hampshire 03048-0498 

ham 
radio 

magazine 

contents 

13 a compact 75-meter 
monoband transceiver 
Rick Littlefield, K1BQT 

29 high stability local oscillators 
for microwave receivers 
and other applications 
Cornell Drentea, WB3JZO 

40 10 through 80-meter 
homebrew receiver 
Robert Thompson, N1BFV 

54 VHF/UHF world 
Joe Reisert, W1JR 

67 ham radio techniques 
Bill Orr, W6SA I 

75 practically speaking 
JoeCarr, K4IPV 

83 digital frequency readout 
using the Commodore 64 
Clifford J. Bader, W3NNL 

98 a scanner for CB to 10-meter 
conversions 
Robert K. Baker, W2FMY, 
and Gary Bischoff, KB2GA 

107 external product detector 
improves receiver performance 
Alan Nusbaum, W6GB 

115 build a handy RF probe 
Keats A. Pullen, Jr., W3QOM 

140 the Guerri report 
Ernie Guerri, W6MGI 

142 advertisers index 136 ham mart 
and reader service 129 new products 

8 comments 6 presstop 
92 DX forecaster 5 reflections 

138 flea market 

November 1986 {ffl 3 



muchas gracias 
Yesterday, September 20, a massive earthquake struck Mexico City. Early reports from the networks and wire services told 
of massive damage in Mexico City, with 25 per cent of the downtown area totally destroyed, and thousands of deaths and 
injuries. Ships have been reported missing and a tsunami wave has severely damaged part of the Mexican coastline. All 
modes of communications — save one — are down and authorities have no idea of when service might be restored. 

The one mode that's still functioning is Amateur Radio. I've spent quite a while listening to the emergency traffic being 
passed on a number of frequencies; I'm quite impressed with how effectively and efficiently health and welfare traffic is 
being passed. But there's a persona/ sense of urgency to my listening this time: my youngest brother is in Mexico City, 
and my family and / have no way of knowing if he's all right. 

Yes, the State Department has a hotline that we can call for information. But the volume of calls received has shut 
the system down. We've contacted the Red Cross, but they're too busy passing more important medical traffic. 

So how do / — or others — use Amateur Radio to find out about the safety of relatives and friends? I'm afraid / really 
don't know. / usually have the world at my fingertips with just the flip of a switch and the twist of a dial. But right now 
/ feel just about totally helpless in trying to get the information / want. 

Propagation into the Mexico City area isn't favorable at this time, and I'm reluctant to jump into a pile-up and add to 
the confusion. But that's about the only way I'll be able to get a message to the Mexican stations. . . . 

There's got to be a better way! Would somebody please tell me what it is? 
Craig Clark, N1ACH 
Assistant Publisher 

Craig's inital feeling of helplessness is completely understandable. The circumstances — a natural disaster that, within 
60 seconds, killed thousands, injured many, and caused catastrophic damage to buildings and other structures — is something 
one doesn't deal with on a daily basis. So it's hard to pull from your experience and function immediately. 

Several things are reasonably certain: all conventional power and most telephone service is gone. Few reliable means 
of commynicating with the outside world are available. This is where Radio Amateurs come in — and what a service they 
provide! Just after the Mexico City earthquake, several stations were on the air. One in particular that I heard was XE1VIC, 
manned by Vic and Sergio, who did a yeoman's job in passing health and welfare information, medical emergency traffic, 
and high-level government phone patches.* 

With this in mind, what can you do to find out about the safety of a relative or friend known to be in a particular area 
when disaster strikes? 

LISTEN CAREFULLY. If there's any activity from the devastated area, someone as competent as XE1VIC is likely to be on 
the air. If you don't hear such a station, continue listening. Chances are good that other Amateurs, in your country will 
have information and be discussing it. 

IF YOU DON'T HEAR, ASK. Once again, someone will probably know something. 

THINK. For the distances involved, time of day, and propagation, one particular band will be optimum. Try it. XE1VIC was 
59 + into New Hampshire on 80 meters for hours. 

LISTEN FOR INSTRUCTIONS. The control station will make it very clear as to how he wishes to proceed. Many stations 
will be attempting to contact him. Though it may seem like contest operation at times, remember that a disaster has occur-
red, and discipline is essential. 

BE BRIEF. Once you've gotten the traffic handler's attention, give the information required — nothing more, nothing less. 
Decide beforehand how you might be able to help. 

ACCEPT THE RESPONSE GIVEN. Once he contacted the requested relative or friend, XE1VIC kept his side of the conversa-
tion short and sweet. Most of the time the news was very good, and in every case he was extremely reassuring. Remember 
that many other stations are concerned about their loved ones, too. 

OTHERS WILL HELP PAS S YOUR MESSAGE. In this case, stations in the Houston area acted in this capacity. 

Every emergency, of course, is different. These are just a few suggestions that have been applied in the past and appear 
to work. 

Rich Rosen, K2RR 
Editor-in-Chief 

Note; Craig's brother returned home safely on September 23. 

' XE1VIC was just one of many Mexican stations that should be commended. In addition, the list of U.S. and international stations that contributed to the 
success of this traffic handling situation in a calm and controlled manner is long, and one we should be quite proud of — proving once again how Radio Amateurs 
rise lo the occasion and provide a real service. 

November 1985 Q| 5 



de W9JUV 

AMATEUR RADIOES RESPONSE FOLLOWING MEXICO CITY'S DISASTROUS EARTHQUAKE was, in short , 
simply overwhelming! Almost before the first major tremors ended, a number of Mexico City 
stations were on and handling emergency traffic with the U.S. As the hours wore on and the 
disaster's magnitude became apparent, the activity multiplied—but even after health and 
welfare input began, and despite a variety of message handling techniques, turnaround was 
generally quite fast. W9JUV's first two Friday afternoon inquiries came back "We're all 
OK!' from XE1USA in under five minutes! Amateur Radio's media exposure was also fantastic 
due to the complete breakdown in commercial communications, which left the Amateur Service 
as the media's only source of earthquake news for a number of hours. 

Media Abuse Of Amateur Radio Was Also Extensive, unfortunately. Not only was there the 
usual "XE1XX, I have Newt Newshawk of NNUT-TV in the shack to ask you some questions," but 
all of the networks and news services invaded the Amateur bands for their coordination and 
logistical efforts! Heard on 20 meters Sunday were equipment requests, personnel assign-
ments, even arguments about overtime and the special menu needs of a network anchor! To 
its credit, NBC's Mexico City station did take health and welfare traffic and made phone 
calls when not otherwise occupied; inquiries to the others triggered responses that they 
were too busy on network business to make casual contacts! The FCC is very much interested 
in this media incursion, and would appreciate receiving specific reports and tapes on it. 

One Glaring Weakness Of Amateur Radio Was Quickly Apparent—anxious friends and relatives 
of persons living in~or visitinf Mexico TTty had no idea of how to locate hams willing to 
relay messages. Though churches, community centers, the Red Cross, and even some Amateur 
Radio dealers were often able to make referrals, what's badly needed—before another such 
catastrophe strikes — is a well advertised, accessible conduit through which the public can 
reach Amateur Radio operators able to communicate with loved ones abroad. 

Despite Such Problems, However, Amateur Radio Has Never Served People Better or made a 
deeper , more favorable impression on the public than it has during Mexico City's agony. 
"Well done!" to all involved, both those actively participating and the many "stand-bys." 

STATE AND LOCAL REGULATIONS MAY NOT PRECLUDE AMATEUR COMMUNICATIONS, the FCC declared 
in its September 16 decision on PRB-I! Responding to the ARRL's July, 1984, request for a 
Declaratory Ruling limiting local limitations on Amateur operations and stations, the FCC 
affirmed "a strong federal interest in promoting Amateur communications" and cited Amateur 
Radio's value in "providing emergency communications" and "a reservoir of trained operators, 
technicians and electronic experts," as well as furthering international goodwill. In sum-
mary, they said: "State and local regulations that operate to preclude Amateur communications 
in their communities are in direct conflict with federal objectives and must be preempted." 

Though They Did Not Specify Any Minimum Antenna Height, the Commission further stated, 
"...local regulations which involve placement, screening, or height of antennas based on 
health, safety, or aesthetic considerations...must be crafted to accommodate reasonably 
Amateur communications (with) minimum practicable regulation...." 

Though The Lack Of A Specified Height Will Cause Some Amateurs Problems, the FCC's action 
is certainly going~~to help the vast majorTty"! Also~not covered are Amateurs who've signed 
restrictive covenants, since those are private contracts entered into voluntarily. 

Congratulations To The Commissioners And FCC Staff for a courageous decision, since their 
favorable ruling for Amateur antennas and operations"will undoubtedly be cited by other ser-
vices who'd also like to get out from under the yoke of local regulation. 

POSSIBLE FEDERAL SANCTIONS AGAINST "ELECTRONIC EAVESDROPPING" are close to being intro-
duced in the U.S. House of Representatives by Rep. Kastenmeyer. In his "Electronic Communi-
cations Privacy Act of 1985," Rep. Kastenmeyer proposes restricting the monitoring of any 
transmission by "wire, radio, electromagnetic, or photoelectric system..." with exceptions 
for communications "readily accessible to the public," stations for general public use, 
distress signals, police or fire, and Amateur or CB stations. Penalties for commercial 
violators could be $25,000 and a year in prison, others $5,000 and six months. 

Though The Goal Is Almost Surely The Protection Of Cellular Radio, the effect on Amateurs 
and others with a general interest in radio communications could be serious. 

APPLICANTS WHO FLUNK AN AMATEUR EXAM NEEDN'T WAIT 30 DAYS to retake the exam, the FCC 
decided September 16. In its decision to eliminate the waiting period entirely, the Commis-
sion agreed a delay had little benefit and dropping it could permit applicants who failed 
the first day of a two-day hamfest to review problem areas for a second-day try. 

DP0SL WILL BE THE CALLSIGN FOR THE UPCOMING EUROPEAN STAFFED SPACEFLIGHT, now set for 
launch about October 30th on Space Shuttle Flight 61-A. They"will listen on 437.125, 
437.175, 437.225, 437.275, 437.325, and 437.375 MHz; transmit on 145.450, 145.475, 145,550, 
or 145.575 MHz. 145.575 down, 437.275 MHz up will be the normal pair. 

Rumors Of 10 Or 15-Meter Operation Still Persist at presstime; an operating schedule 
for DP0SL has not yet been released. 
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comments 
practically speaking 
Dear HR: 

Joe Carr, K4IPV, is off to a fair start 
with his new column, "Practically 
Speaking." The first (September, page 
67) was good reading. I have to 
disagree with him, however, when he 
says, "The first time to think about 
repairs is while you're unpacking the 
new rig." 

Wrong. 
The first time to think about repairs 

is before the rig is bought. The un-
packing stage is too late. 

Before plunking down several ki(o-
bucks for one of the so-called state-of-
the-art transceivers being marketed 
these days, ham operators need to 
give serious, careful thought to the 
crucial question of servicing and main-
taining the rig(s) under consideration. 
Is that aspect of ownership going to 
cost an arm, a leg and another part of 
the anatomy — to say nothing of the 
time spent without the rig while it is 
being repaired? 

Are all those gongs, whistles, and 
bells really worth it? Does one truly 
need rigs that scan, memorize, and do 
all sorts of other gimmicks? 

Two years ago two friends here 
returned from a national Amateur 
Radio convention, each with a new rig. 
One, who purchased the latest offer-
ing from Brand X had to return the rig 
to the factory once while it was still 
under warranty and twice since then. 
He is no slouch at troubleshooting or 
repair, but the complicated circuitry 
was more than he could handle. 
Labor, parts, and shipping charges 
thus far have totaled more than one-
third the original cost of the 
transceiver, and he has been without 
it almost 60 days altogether. 

My second friend brought home a 
shiny, new Brand Z transceiver. It was 

almost a pure vanilla rig with no gong, 
whistles, or bells. It has sat in his shack 
and has worked, day in and day out. 
What few repairs have been needed 
were done quickly, easily and inexpen-
sively. He said he decided on that rig 
because of the ease and simplicity of 
operation. 

Practically speaking, which do you 
think was the more practical? 

Fred Conavita, W5QJM 
Austin, Texas 

audio filter design 
Dear HR: 

Instead of transforming the normal-
ized values of a five-branch Butter-
worth low-pass prototype design to 
get a five-branch high-pass as dis-
cussed in Stefan Niewiadomski's arti-
cle, "Passive Audio Filter Design," 
part 2, October, 1985, a simpler pro-
cedure would be to use standard-value 
capacitor (SVC) filter tables to select 
an appropriate design. The fact that 
the SVC capacitor design values are 
exactly identical to the commercially 
available standard values simplifies 
construction. For example, a "near-
Butterworth" 500-ohm design with a 
VSWR of 1.023 and a 3-dB cutfoff fre-
quency of 487 Hz (within 3 percent of 
the desired 500 Hz cutoff frequency) 
is available with standard values of 
C1,5 = 0.82 /iF and C3 =0.33/tF. L2,4 
= 96.2 mH. The 20-dB and 40-dB 
attenuation frequencies are 330 and 
214 Hz. Some SVC filter tables appear 
in The ARRL 1985 Handbook, <pages 
2-40 through 2-44) and a more com-
plete selection will appear in the next 
edition of the Radio Handbook, edited 
by Bill Orr, and to be published soon 
by Howard W. Sams and Co., Inc. The 
SVC filter tables were also published 
in the record of the IEEE 1985 Inter-
national Symposium on Electromag-
netic Compatibility held in Wakefield, 
Massachusetts from August 20-22. 
ham radio readers should therefore 
understand that the preferred pro-
cedure for designing simple passive LC 
filters, such as generally required by 
the Radio Amateur, is to use SVC filter 
tables. The procedure explained by 
Niewiadomski should be used only 
when there is a special requirement for 

a specific response type and a precise 
cutoff frequency. 

Ed Wetherhold, W3NQN 
Annapolis, Maryland 

J-pole or Zepp? 
Dear HR: 

K1WWT is right, (see "J-pole or 
Zepp," Comments, ham radio, Feb-
ruary, 1985, page 8). The J-pole an-
tenna described in KD8JB 's earlier 
ham radio article* is a Zepp antenna. 

The Zepp antenna, named for the 
Zeppelin airship, on which it was 
originally used, is not a 3/4-wave 
antenna operating against a 1/4-wave 
counterpoise as KD8JB mentioned in 
the reply comments. 

The classical Zepp antenna, now 
more than 75 years old, is a full-wave 
current-fed antenna with a 1 /4-wave 
section folded over on itself. This leads 
to a 1/2-wave end-fed radiator with 
1 /4-wave matching transformer. The 
antenna at first was a balloon antenna 

Hans Beggerow, was patented in Ger-
many in 1909. The illustration above ac-
companied the original patent. 

(fig. 1) and looked like an inverted J-
pole dangling from the airship. In the 
beginning the matching transformer 
and the radiator hung in a straight line. 
Later on the matching transformer was 
set at right angles to the radiator. This 
low-voltage input feed arrangement 
was a remarkable improvement over 
the dangerous practice of using a high-
voltage feed in the presence of the 
oxyhydrogen-gas with which the bal-
loons were filled. 

Alois Krischke, DJ0TR/OE8AK 
Munich, West Germany 

*See "All-metal, 2-meter J-pole Antenna," ham radio, 
July, 1984, page 42. 
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a compact 
75-meter monoband transceiver 

Modular design 
yields 30 watts PEP 

and high performance 

This article describes a compact monoband SSB 
transceiver that employs broadband techniques, IC 
building blocks, and an FET power chain. A detailed 
block diagram that shows all module interconnections 
is shown in fig. 1. As an extension of an earlier receiver 
project, the design provides all of the basic features 
required for convenient operation.1 The receiver sec-
tion offers excellent sensitivity and selectivity, audio-
derived AGC, an S-meter, headphone or speaker 
operation, and above-average audio quality. The 
transmitter has amplified ALC and delivers 30 watts 
PEP to a 50-ohm load. The completed package is 
about the size of a 2-meter FM transceiver, measur-
ing 2 x & x 6 inches (5 x 12.7 x 15.25 cm) and 
weighing about 2 pounds (1 kg). 

circuit description 
The transceiver employs a single conversion fre-

quency plan with a 9-MHz IF and a 5.0-MHz VFO. 
Receiver preselection is provided by a two-section 
bandpass filter (see fig. 2). Additional HF rejection is 
obtained from the transmitter's low-pass filter. 
Receiver mixer U1 is an active DBM which has been 
biased for maximum gain. Mixer output is fed to crystal 
sideband filter FL1 through a simple diode switching 
network. 

IF stage U2, shared by the transmitter, provides 45 
dB of gain with an AGC range of about 70 dB. Gain 
for the entire receiver is controlled via U2's AGC line. 
Automatic control is audio-derived from the output of 
audio amplifier U4. Manual control is provided by a 

voltage divider circuit. During the receive cycle, the 
two control voltages are gated onto the AGC line 
through diodes. The output of IF amplifier U2 is 
simultaneously fed to product detector U3 and trans-
mit mixer U7. U3, an active DBM product detector, 
provides audio detection and additional system gain. 

Since gain is controlled exclusively through IF ampli-
fier U2, audio amplifier U4 operates at full gain (see 
fig. 3). U4 provides 400 mW of output — more than 
enough to drive the transceiver's small built-in speaker. 
Attenuation is provided for speaker protection and for 

i headphone operation. 
AGC voltage is sampled from the output of U4, 

detected, and fed to DC amplifier Q1. The RC time 
constant of Q1 is switched to provide slow release time 
during receive, and fast release time during transmit. 
Q2 provides additional amplification of the control 
signal, sets the AGC threshold for U2, and drives meter 
M1. M1 functions as an S-meter during receive and 
as an ALC indicator during transmit. The entire 
receiver section operates from a 12-volt source with 
an average current drain of only 50 mA on receive. 

A small heatsink is sufficient for intermittent SSB operation, 
but area should be increased for CW operation. Mounting FL1 
on rear panel saves internal space. 

By Rick Littlefield, K1BQT, Box 114 Barringtori, 
New Hampshire 03825 
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fig. 1. Module interconnections 

Low-Z microphone amplifier U5 is a standard op-
amp circuit which develops the necessary audio 
voltage to drive balanced modulator U6 (see fig. 4). 
Like all other mixing devices in the transceiver, U6 is 
an active DBM. Provisions are made to unbalance the 
device when carrier is needed for RF chain or anten-
na tuner adjustment. The output of U6 is fed through 
a diode switching network to sideband filter FL1 and 

IF amplifier U2. As noted earlier, ALC voltage is 
applied to U2 during transmit to maintain high trans-
mitter output without driving the RF chain into 
saturation. 

Transmit mixer U7 combines the IF signal from U2 
with VFO drive to produce 75 meter output (a CW-
only design would substitute BFO drive for the IF 
signal). The output of U7 is buffered and amplified by 
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Receiver, exciter, and audio modules are located in the top 
compartment of the cabinet. VFO is in a separate front 
compartment. 

pre-driver Q3 (see fig. 5). If CW operation is antici-
pated, keying can be added to this stage by simple 
modification. Output can be reduced for QRP opera-
tion by adjusting the bias on gate No. 2. The output 
of 03 is filtered by a two-section bandpass filter. Driver 
Q4, an inexpensive HEXFET, develops 300 mW PEP 
— enough power to drive PA Q5. A three-element low-
pass filter reduces harmonic content prior to final 
amplification 

The final amplifier Q5 is a Motorola T-MOSFET 
operating in class AB (see fig. 6). At 4 MHz, this 28-
volt device operates at approximately 70 percent effi-
ciency, provides 20 dB of gain, and delivers 30 watts 
PEP into a 50-ohm load. The output of Q5 is trans-
formed to 50 ohms through 4:1 balun T5 and fed into 
a 7-element Chebyshev low-pass filter. A diode detec-

tor at the LPF input samples amplifier output for ALC 
(see fig. 7). 

All transmit and receive mixing functions are han-
dled by active DBMs, devices which require no more 
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fig. 4. Exciter module. 
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CW 
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fig. 5. Driver/BPF module. 

than 100 mV of injection. Consequently, drive de-
mands on the VFO and BF0 are minimal. VFO Q6 is 
a popular Hartley JFET circuit which is buffered by 
source follower Q7 (see fig. 8). An optional VFT con-
trol aids fine tuning. BFO Q8 is a simple unbuffered 
crystal oscillator (see fig. 9). If the transceiver is 
modified for 20 or 15-meter operation, the BFO out-
put should be carefully matched to its load and filtered 
for harmonic content. 

The PA is the only stage requiring a 28-volt source. 
An on-board monolithic voltage regulator reduces sup-
ply voltage to the other staged. The compact 28-volt 

T° 1 loo'l^c 
'TN /TS 'Ts 

- W r -

I I I 
Excapt as indicated, dacimal 
vstuas ot capacltanca ara in micro-
tarada foF); othata arw In plcotar-
ad* (pF); raaistancaa ara In ohm*, 
k ~ 1,000 M * 1,000,000 

MRF-Ufl Motorola T MOS power FET 
9 turns No. 24 on FB43-801 
4:1 balun, 14 turns Oltilar on 
(wo FT50-43 

fig. 6. Final amplifier module. 
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ada (pF)c r«s/«larrc»s ara In oltms. 
k = 1,000 M = 1,000,000 

L6.tr tt turna No. 24on 750-2 

fig. 7. LPF/ALC detector module. 
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fig. 8. VFO module. 
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fig. 9. BFO module. 

fig.10.Thetransceiver'scompact power supply measures only 
4 x 3 ••• 3 inches 110 x7,6 x 7.6 cm). The design is simple, and 
can be built entirely from off-the-shelf Radio Shack com-
ponents. 

IQOOpF 
33V 

r n r t i 
ficopl at intflcarmtf. dccimji! 
unfiles of I'aji.KiMuco a/8 Hi micro 
famds 6 f). nllnii*, .ur ur plcolai 
all* f|i/). fusislaneiis ale III owns 
* - I.D00 M ^ 1,000.000 

f ig. 12. Transceiver on-board regulator. 

bridge -1A HJU l> I V Ifl.KtlO ;ill,ic« /!£) ! I/I) 
TI 26 2 al 2 A Ittadio Sflje* Wo 1512J 

fig. 11. External power supply schematic. 

external power supply and schematic shown in figs. 
10 and 11, respectively, was built from off-the-shelf 
Radio Shack components. The output of transformer 
T1 is bridge rectified, filtered, and regulated by pass 
transistor Q1. Adjustable regulator U1 drives the base 
of Q1 to set output voltage and to provide additional 

electronic filtering. An on-board regulator is also incor-
porated in the transceiver (fig. 12). 

construction 
The boards for this project were laid out in modular 

strips to facilitate modification during the design pro-
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fig. 14. Audio/AGC module. 

Bottom view shows BFO, driver, and low-pass filter modules. 
Voltage regulator is mounted on the side of the case. A 4PDT 
relay forT-R switching simplifies circuit design and reduces 
receiver power consumption. 

cess. To make the job of interstage wiring easier, the 
exciter and receiver strips were later joined together.* 

Figures 13 {receiver module), 14 (audio/AGC mod-
ule), 15 (exciter module), 16 (driver/bandpass filter), 
17 (MRF-138 final amplifier module), 18 (low-pass filter 
board), 19 (VFO module), and fig. 20 (BFO module) 
show the printed circuit board patterns and compo-
nent layouts. 

Board assembly is routine, but a few specific points 
deserve mention. The boards were designed around 
miniature parts. Substituting 1/2-watt resistors, high-
voltage capacitors, and other large components can 
quickly result in overcrowding. Since the parts den-
sity is quite high, double-checking parts placement 
against the schematic or a layout is also 
recommended. 

Use care when winding toroidal transformers and 
chokes. Most FT (ferrite) cores have rough edges that 
can easily abrade the insulation from enamel covered 

" A complete kit containing all pans, etched pre drilled circuit boards, 

punched, painted enclosure, and assembly manual is available (rom Radiokit. 

Box 411. Greenville, NH 03048 
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9 MHz CRYSTAL FILTERS 
Appli- Band-

MODEL cation width Poles Price 
XF-9A SSB 2.4 KHZ 5 $53.15 
XF-9B SSB 2.4 kHz 8 72.05 
XF-9B-01 LSB 2.4 kHz 8 95.90 
XF-9B-02 USB 24 kHz 8 95.90 
XF-9B-10 SSB 2.4 kHz 10 125.65 
XF-9C AM 3.75 kHz 8 77.40 
XF-9D AM 5.0 kHz 8 77.40 
XF-9E FM 12.0 kHz 8 77.40 
XF-9M CW 500 Hz 4 54.10 
XF-9NB CW 500 Hz 8 95.90 
XF-9P CW 250 Hz 8 131.20 
XF9I0 IF noise 15 kHz 2 17 15 

10.7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 8 567.30 
XF107-8 NBFM 15 kHz 8 67.30 
XF107C WBFM 30 kHz 8 67.30 
XF107-D WBFM 36 kHz 8 67.30 
XF107-E Pix/Dala 40 kHz 8 67.30 
XM107-S04 FM t4 kHz 4 30.15 
Export Inquiries Invited. Shipping $375 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your existing HF or 2M rig on other VHF or UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk169l- l37 $249 95 
1296 MHz GaAsFFT MMkt296-144G 149 95 
432*435 MMc432-28(S) 74.95 
439-ATV MMc439-Ch * 89.95 
220 MHz MMC220-2S 74.95 
144 MHz MMC144-28 59.95 
Options- LowNF(2 .0dB m m , 1.25 dB max.). olher Bands & IF's available 

LINEAR TRANSVERTERS 
1296 MHz 1.8 W output. 2M in MMIIR96-I44-G $299.96 
432/435 10 Wou lpu i . 10M in MMI432-28IS) 269.95 
144 MHz 10 W output, 10M in MMI1-14-28 179.95 
Othor bands & IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output UPI296-ZCH. 439 95 
432/435 100 W output MML432-100 369 95 

50 W output MML432-50 199 95 
30 W output MML432-30-LS 209 95 

144 MHz 200 W output MMLI44-200-S 374 95 
100 W output MML144-100 LS 239.95 
50 W output MML144-50-S 149.95 
30 W output MML144-30-LS 109 95 

Ail models include v o x T/R switching. > 
" L " models 1 or 3W drive, others 10W drive 
Shipping: FOB Concord. Mass 

ANTENNAS 
420-450 MHz MULTIBEAMS 
28 Element 70/MBM28 12 (IBd 
48 Element 70/MBM48 15 7 dBd 
SB Elcmonl 70/MBM88 IB S dBd 
144-148 MHlJ-SLOTS 
10 . 10 Tmst I0XY/2M 11 3 dBd 

UHF LOOP YAGIS 
1250-1350 MHZ 29 loops 1296-LY 20 dBi 
1650-1750 MHz 29 loops 1691LY 20 dBi 
Order Loop-Yagi connector extra 

S39.95 
59 95 
8995 

S49.95 
59.96 

Type NS14.95. SMA 55.95 

Send 44c (2 sumps) for lull details ol all your VHF & UHF 
equipment and KVG crystal product requirements 

(617)263-2145 
SPECTRUM 

INTERNATIONAL, INC. 
Post Office Box 1084 

cord, MA 01742, U.S.A. 
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fig. 16. Driver/bandpass filter. 

wire. Prepare all FT cores in advance by smoothing 
the corners and applying two coats of clear nail polish 
("T cores are usually epoxy coated and require no 
preparation). Since mosttoroid devices have delicate 
leads that are easily broken, they should be mounted 
last and glued securely to the board with Ambroid™ 
cement, t 

1T2. a 10.7 MHz 10 mm green-core transformer, is available from Morning 
Distributing Co., P.O. Box 717, Hiateah, Florida 33011. 



RFC u lumt No. 24 on FB-u-flot 
Ji 14 tu/riB No. 24 amiat on two mo-JJ 

fig. 17. MRF-138 final amplifier. v 

The transceiver can be packaged to suit the builder. The larger 
cabinet shown here provides more panel space and room for 
a larger speaker. 

Because the VFO circuit is vulnerable to thermal and 
mechanical instability, its construction requires special 
attention. These hints should be followed to insure sat-
isfactory performance: 

• Use NPO capacitors in the tank circuit wherever 
possible — the thermal characteristics of silver mica 
capacitors are often unpredictable. 

• To immobilize VFO inductor windings, dip or paint 
the coil in clear nail polish and sandwich it to the board 
between fiber washers with a non-inductive screw, 

• To insure smooth tuning, the main VFO variable 
should be a ball-bearing design with either a built-in 
or external reduction drive. 

• The calibration trimmer should be a miniature air-
variable (ceramic trimmers drift). 

• When installing the VFO module, make all leads 
connecting external VFO components as short and 
rigid as possible. 

• To avoid thermal instability, locate the VFO away 
from heat-generating stages such as the PA and the 
voltage regulator. 
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fig. 19. VFO module. 

• Shield the VFO compartment against strong RF 
fields. 

• Locate the transceiver's T-R relay away from the 
VFO compartment, If located too close, the relay's 
magnetic field will produce an unwelcome frequency 
shift. 

The only other stage requiring special care during 
construction is the final amplifier. To prevent the possi-
bility of VHF parasitics, strip-line construction is used 
and components are soldered directly to the top of the 
board. To insure strong solder connections, each lead 
should have a short 90-degree bend at its end in order 
to make flat contact with the board's surface. The 
transistor should be mounted first. The MRF-138 is an 
unprotected MOS device, and I recommend using a 
grounded iron and wrist-strap to prevent static build-
up during installation. Once the module is completed, 
the circuitry will protect the device. 

The transceiver cabinet is a bi-level design fabricated 
in a custom sheet-metal shop. While this packaging 

contributes to the appearance and small size of the 
finished unit, much simpler cabinetry is perfectly 
acceptable as long as a few basic conditions are met. 
First, all recommendations to insure VFO stability 
should be observed. Second, the PA module should 
be mounted to the inside of the back panel with a 
suitable external heatsink provided on the opposite 
side. Additional heatsink area is required for extended 
phone, RTTY, or CW operation. Finally, the VFO and 
BFO should be fully shielded. 

In any modular project, interstage wiring can be-
come a nightmare if the wire is prone to breakage or 
is difficult to handle. Selecting only highly flexible 
small-diameter wire and shielded cable keeps inter-
stage harnesses small and manageable. I have found 
that lavalier microphone cable is smaller and much 
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fig. 20. BFO module. 

easier to handle than RG-174 miniature coax. Mount-
ing boards on 1 /4-inch standoffs also contributes to 
a neat layout, since this provides space for interstage 
wiring to pass underneath. Once the modules are 
mounted and interstage wiring is completed, testing 
and alignment can begin. Power distribution and T-R 
switching should be thoroughly checked first, since 
an error here could damage components. 

al ignment 
Fixed capacitor values in the VFO tank may require 

some substitution to establish the desired operating 
range (5000 kHz to 5200 kHz for 4000 to 3800 kHz oper-
ation). Once this range is established, a tuning dial can 
be calibrated. A frequency counter facilitates the cali-
bration process. Once the VFO dial is calibrated, re-
ceiver alignment can proceed. Use fig. 21 to locate 
the calibration and alignment controls. 

« Connect the receive and transmit mixers to the VFO, 
and adjust R V F Q for 100 mV R M S output. 
• Connect the product detector and balanced modu-
lator to the BFO, and adjust CBFO f° r a n operating fre-
quency of 9001.5 kHz. Adjust RBFo for an output of 
100 mV RMS. 
® Set the receiver AGC threshold by adjusting RJSH 

for 5 volts as measured at TP1. Zero the S-meter via 
RZRO-
6 Set the receiver gain fully clockwise for maximum 

gain and adjust IF transformer T2 for a peak in back-
ground noise. 
• Connect a 50-ohm antenna and tune the VFO to 
3900 kHz. Peak bandpass filter trimmers C1 and C2 
for maximum sensitivity. 

The receiver should now be fully functional. Check 
AGC action by tuning in an extremely strong SSB sig-
nal. If the audio cracks and distorts at full gain, the 
AGC is under-controlling IF stage U2. Increase AGC 
gain via RAGC TO eliminate this condition. If the audio 
"pumps" on voice peaks or motorboats with no signal, 
the opposite conditions exist and AGC gain should be 
decreased. Meter sensitivity control RSEN should be 
adjusted so that extremely strong signals register in 
the upper 10 percent of the scale. 

To prepare for transmitter alignment, disconnect the 
28-volt supply line from the final amplifier board. Ter-
minate the output of the driver with a 47-ohm resistor 
and connect a scope across the termination. 
Microphone gain R^ic should be set fully off, and pre-
driver gain RQRV s e t t 0 t h e middle of its range (maxi-
mum gain). Tune the VFO to 3900 kHz. 
• Key the transmitter and activate the carrier insert 
switch. Adjust IF transformer T2 and bandpass filter 
trimmers C3 and C4 for maximum output. 
• Key the transmitter and adjust RBAL F°R minimum 
carrier output. A receiver tuned to the output fre-
quency may provide a better null indication. 
• Connect a 500-ohm dynamic microphone and ad-
vance RMIC to 75 percent. Speak into the microphone 
and watch the scope for signs of instability ("grass" 
or parasitic oscillations on the waveform). The pattern 
may shcJw flat-topping on voice peaks, since the ALC 
is not yet functional. 

If instability or parasitics are observed, find their 
source before going on. Check the RF amplifiers in 
isolation, and check IF amplifier U2 (reducing the value 
of the 10-kilohm resistor across the primary of T1 
should tame unstable operation in U2). If operation 
is normal through the driver stage, alignment can 
continue. 

• Connect the 28-volt supply line to the final amplifier 
board through an ammeter. Short the amplifier's in-
put terminal to ground. Key the transmitter, and ad-
just Rgifr for an idling current of 250 mA. Note that 
this adjustment is sensitive to changes in supply 
voltage. If the power supply voltage is changed signifi-
cantly at a later date, the bias should be re-set. 

• Remove the driver termination, unshort the input 
to the PA, and hook up the driver. Connect a 50-ohm 
dummy load to the output of the transceiver. Place 
a single turn pick-up loop through balun T5, and con-
nect it to the scope. The driver low-pass filter and 
bandpass responses are shown in figs. 22A, B. 
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• Key the transmitter and speak loudly into the 
microphone, adjusting RALC f°r maximum transmitter 
output. The scope pattern should show flat-topping 
on voice peaks. If saturation does not occur, increase 
microphone gain until it does. If the final cannot be 
saturated, system gain is low and a problem exists 
(check the AGC threshold voltage at TP1 first; if set 
above 5 volts, transmitter gain is reduced). 

• To set ALC level, close-talk the microphone and ad-
just R^LC t o the point where flat-topping just disap-
pears. The ALC meter should deflect past mid-scale 
on voice peaks and a power meter should indicate an 
average output of 10-15 watts. 

This completes transceiver alignment. 

performance 
The transceiver was tested to see if performance 

approximated industry standards and met FCC regula-
tions for spectral purity. Receiver noise floor was 
measured at -120 dBm. Selectivity reflected the 
published specifications of filter FL1. AGC held a 60 
dB change in signal strength to a 3 dB change in audio 
output. AGC attack was a bit slow, resulting in some 
audible "cracking" on extremely strong signals. This 
condition is not uncommon in simple audio-derived 
systems. Overall receiver audio quality was judged ex-
cellent when compared against a popular imported 
multi-band transceiver. Tests for receiver intermodula-
tion distortion were not conducted. 

At 30 watts PEP output, transmitter IMD was meas-
ured at - 3 0 dB. Second and third harmonics were 
- 4 7 dB and - 5 5 dB, respectively. Saturation oc-
curred at 35 watts PEP. Transmit audio reports were 
generally excellent, but microphone selection was an 
important factor. Low-Z broadcast dynamics produced 
the best overall quality, but an inexpensive mobile 
microphone provided a bit more "punch" under diffi-
cult band conditions. The MRF-138 final amplifier sur-
vived open and shorted port conditions without 
damage, indicating acceptable immunity to high SWR. 

operation 
The transceiver's small size makes it a natural for 

traveling, or for use as a second station at home. Mine 
resides in a corner of the family room on a small writing 
desk, close to the wood stove, kitchen, and other 
comforts of home. On-air performance has been very 
gratifying. Using an inverted-V antenna at 50 feet, I 
have worked all U.S. call areas, operated contests, 
controlled nets, and elbowed my way through even-
ing QRM with excellent regularity. In evaluating the 
transceiver's effectiveness, it is important to remember 
that dropping transmitter output from 100 watts to 30 
watts reduces the received signal less than 1 S-unit. 
Under most band conditions, this is not significant. 

conclusion 
My goal was to design and build a simple mono-

band SSB transceiver that would be compact, easy 
to replicate, and powerful enough to provide reliable 
communication on 75 meters. Off-the-shelf compon-
ents and contemporary design techniques were em-
ployed wherever possible to make the job easier. The 
transceiver described in this article is my third, and 
carries with it the experience of the first two. With 
minor modifications, the design should be transferable 
to other bands. I hope this article will encourage others 
to take the plunge and build — there's no magic in-
volved, and the enjoyment that comes from operating 
a homebrew rig is fantastic. 
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high stability local oscillators 
for microwave receivers 
and other applications 

Phase-locked approach 
offers greater stability 

This article describes a reliable phase-locked loop 
originally designed for the first conversion of a radio 
astronomy microwave receiver1 applicable for general 
microwave receiver use and to other HF, VHF, and 
UHF phase-locked applications as well.2 Its design 
evolved from one of my earlier efforts incorporated in 
a fully synthesized, general coverage HF transceiver 
as shown in fig. 1. 

Local oscillators used for conventional microwave 
(TVRO) such receivers are usually open loop and are 
installed outdoors as part of the first converter, known 
as the "head end" and located at the feed point of 
a parabolic dish antenna. They normally exhibit gross 
frequency instability (typically ± 1.5 MHz) due to their 
free running characteristics, which are affected by am-
bient temperature changes as well. 

The two types of open-loop local oscillators most 
commonly used for this application are the free run-
ning tuned cavity and the crystal controlled multiplier 
type. This article deals with the second approach, 
which allows an already-clean multiplier chain to lock 
on a much more stable reference frequency strategi-
cally located away from the elements. Consequently, 
the unit can be used under varying temperature condi-
tions and will follow a remote reference source kept 
indoors for good stability. 

The synthesizer uses a simple version of a type-one 
crystal-controlled phase-locked-loop operating at 88 
MHz.3 Its output is divided by a fixed modulus divider 

involving emitter-coupled-logic (ECL) and transistor-
transistor-logic (TTL) circuits. The division number N 
is fixed at 88 and followed by an exclusive OR digital 
phase detector that closes the loop through a simple 
low-pass filter as shown in fig. 2. 

In order to obtain the desired microwave frequency, 
the output of the oscillator running at exactly 88 MHz 
is used to drive a times-12 multiplier such as described 
by Paul Shuch, N6TX.4 Other multiplications are possi-
ble for even higher frequencies. The reference fre-
quency can be supplied to the synthesizer from the 
back end of the receiver via fiber optics or coaxial cable 
communication links (depending on the distance; digi-
tal line drivers may be required in the latter). With this 
approach, a remotely located temperature-compen-
sated crystal oscillator (TCXO) that acts as a time base 
will maintain the short and long term frequency stabil-
ity of the 88-MHz crystal oscillator through the phase-
locked technique. The stability of the multiplier chain 
in the microwave receiver will thereby also be favorably 
affected. High initial stability and spectral purity would 
be required to compensate for the magnifying effect 
of the multiplier. My circuit used a 4-MHz TCXO man-
ufactured by McCoy Electronics for the reference oscil-
lator. This part guarantees ± 5 x 1 0 7 (±0.5 PPM or 
± 2 Hz at 4 MHz) Hertz per year.2 This represents an 
ultimate stability for the remotely located L-band local 
oscillator of ± 6 Hertz, respectively. 

The circuit design of the synthesizer is simple (al-
though making one work is another story) as shown 
in fig. 3. A highly stable 88-MHz (0.001 percent) fifth 
overtone crystal was chosen to guarantee initial start-
up almost on frequency before locking occurs. It is 

By Cornell Drentea, WB3JZO, 7140 Colorado 
Avenue North, Brooklyn Park, Minnesota 55429 
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fig. 1. Application of fixed VHF phase-locked-loops in a fully-synthesized HF transceiver. The VHF loop described here is used twice (88 M H z and 90 M H z for the BFOI in 
order to ensure full synthesis for the entire radio. 



fig. 2. Block diagram of the phase-locked-loop as used in a stable microwave local oscillator located at the low noise block 
converter (LNB) outdoors. The 1 MHz reference frequency is derived from an indoor TCXO. 

used in a series resonant Colpitts oscillator with one 
side of the crystal grounded. I selected the Colpitts 
design because of its well known circuit stability and 
predictability.5 The output of the oscillator is then 
amplified and converted to the ECL level required by 
the 95H90 divide-by-11 device.®8 

An ECL-to-TTL level shifter circuit follows the 95H90 
and additional division is obtained with three divide-
by-2 sections of 74LS74 devices. 

The divided-down 1-MHz input to the phase com-
parator 74L86 (slow L logic was chosen here to keep 
the output as quiet as possible) is compared against 
a true 1-MHz reference available from the back end. 
The exclusive OR phase detector was chosen as a per-
fect application for this type of phase-locked-loop 
because the crystal controlled Colpitts oscillator is 
guaranteed to start almost on frequency and within 

"Among many ECL dividers, the 95H90 or its equivalent, the Plessey SP8640 
can be programmed to be divide-by-10 or 11, or both in high resolution dual 
modulus phase-locked-loops.2 

the capture range of this particular type of phase 
detector which is only 2ir.2-3-7 Other important criteria 
for choosing this type of phase detector were the 50 
percent duty cycle of the signals present at its inputs 
and the high reference frequency (1 MHz), all design 
requirements for successfully using an exclusive OR 
gate as a phase detector.7 

When the loop is locked, the output of the phase 
detector is a 50 percent duty cycle square wave at 
twice the reference frequency; in this case it is 2 MHz 
as shown in fig. 4. This output is averaged by the sim-
ple RC low-pass filter with a corner frequency (to,) of 
about 16 Hz and is finally presented to the Amperex 
varactor diode BB-109, which acts as a variable capac-
itor steering the crystal oscillator in lock. Under locked 
conditions, the averaged DC output of the phase de-
tector equals half of the TTL supply voltage, or about 
0 K volts DC. When this occurs, the divided 1-MHz 

ial present at one of the phase detector inputs lags 
reference 1-MHz signal present at the other input 
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fig. 3. Circuit diagram of the phase-locked-loop. A f i f th overtone series-tuned Colpitts oscillator was chosen for stability. 
The design results in simple and effective exclusive OR phase detectors and low-pass filter. The relatively high 1 MHz 
reference allows for clean and stable LOs (see text). 
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fig. 5. IA) The synthesizer circuit was frozen to - 7 8 degrees F with 
cooling spray. (5) After calibration the phase-locked-loop remained 
locked over the entire temperature range. The divided 1 MHz square 
wave shown at the top follows the reference frequency at the bottom 
by -90 degrees, which represents a 0-degree phase error (see text). 

fig. 6. Spectrum analyzer tests performance of the 
phase-locked-loop. 

by approximately 90 degrees (delay is introduced by 
the additional circuitry) which corresponds to a zero 
phase error.3 The secret of the entire circuit is L1 and 
L2, which are calculated to resonate the Colpitis oscil-
lator on the fifth overtone of the crystal. Additional 
"tweaking" may be required to bring the circuit into 
resonance due to local stray elements. High Q alumi-
num cores were used in my prototype for best results. 

adjustments 

With the loop line disconnected at A (see fig. 3), 

inject a 2.5 VDC level at the 10 kilohm resistor (which 
is part of the low-pass filter. The best way to do this 
is to use a couple of batteries in series through a 10-
kilohm linear potentiometer voltage divider to insure 
a pure DC voltage. With the circuit board heated to 80-
degrees F (a 100-watt lamp on top of the circuit will 
do well), adjust L1 and L2 for resonance at the fifth 
overtone of the crystal as measured on a frequency 
counter. Observe the position of the cores. Cool the 
circuit to - 78 degrees F with a dry cooling spray. Ad-
just L1 and L2 again for resonance. (The circuit should 
still work at this temperature; according to calcula-
tions, the transistor junctions will reach only about 
- 4 0 degrees F.) To accomplish this, selected parts 
have been used in the prototype. Again, observe the 
new position of the cores. 

Wait until the circuit returns to room temperature 
and readjust L1 and L2 midway between the two posi-
tions. Remove the 2.5 VDC voltage from the low-pass 
filter and reconnect the loop back at A. 

The circuit should now lock every time power is 
turned on and lock should be maintained over the en-
tire temperature range. This can be verified through 
repeating the above procedures with the loop closed. 

Figures 5A and B show the "brassboard" of the 
synthesizer and how phase locking was maintained 
under freezing conditions. For convenience a lock 
indicator was incorporated in the design as shown in 
fig. 3. 

An out-of-lock condition would be indicated by the 
blinking LED, should recalibration become necessary. 
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AMATEUR TELEVISION 
NEW 70 CM ATV TRANSCEIVER 

ALL YOU NEED IN ONE BOX 
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exciting amateur Wdoo mode at our affordable ready to go price. 
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projects, computer program listings, home video tapes, repeat Space Shuttle 
audio and video If you have a TVRO, repeat SSTV or RTTY, Weather Radar, do 
public service events such as parados, marathons, races, CAP searches and 

^rescues.. .the list goes on. DX depends on antennas and terrain, typically 1 
to 40 miles. We have video compensated RF linear amps for 20 ($119) or 50 
(5189) walls pep for grealor DX. 

• FEATURES: Small 7*7x25" Push to Look (PTL) T/R switching GaAstct 
downconverter tunes whole 420-450 mH2 band. Two switch selected video 4 
audio inputs.. .RCA phone lacks and 10 pin color camera lack. Xmit video 
monitor output. Over 1 watt pop RF output on one or two (add $15) selected 
crystal controlled frequencies. 439.25, 434.0, or 426.25 mHz, 

CALL OR WRITE FOR OUR CATALOG lor more Inlo or who is on In your area. We 
slock antennas, modules, and evorylhing you need on ATV. 
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bank before shipment. Price Includes UPS surface shipping in cont. USA. others 
add 3%. Transmitting equipment sold only to licensed Tech class or higher 
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HOW DO RECEIVERS 
REALLY PERFORM? 
READ THIS BOOK. 

RADIO RECEIVER 
Chance or Choice 

H him Mt 

+$1.50 shipping 
Available Sopt. 
Visa/Mastercards 
accepted 

You owe it to yourself to be informed. This comprehensive new 
book explores the receiver world through real-life tests conducted 
by internationally renowned radio engineer, Rainer Lichte. Read 
scores of no-axe-to-grind reviews about such famous brands as 
Panasonic, Sony, Yaesu, Kenwood, Drake, Eska, Hitachi, Grun-
dig, Phillips, JVC, Zenith, Dymek, ITT, Bearcat - both old and 
new models, including IC0M R71A, Sony 2010, and yaesu 8800 
Explains the mysteries of technical specs, too. A must book. 

GILFER SHORTWAVE 

If the circuit is to be used at room temperature, such 
as in an HF or VHF/UHF receiver, no indicator should 
be required. Other status reporting features are possi-
ble and can be remotely monitored at the back end 
of the microwave receiver. 

This synthesizer represents an effort of several 
weeks of design and "brassboarding." It began with 
the use of a 54S124 dual VCXO integrated circuit that 
was intended to work at 85 MHz, but was not success-
ful for my application because of the crystal frequency 
restrictions and the limited upper frequency range for 
this device. 

The new design will work to about 140 MHz (1680-
MHz LO output when used with the N6TX multiplier, 
and beyond with other multipliers}. Its limitations are 
the fabrication of crystals at VHF frequencies and the 
rather small size of L1 and L2 at the higher frequencies. 

This design represents a practical approach to clean 
and stable local oscillators. Phase and amplitude noise 
have been measured to be at least - 7 0 dB/Hz at 
± 100 Hz from the desired carrier (see fig. 6). Discrete 
spurious components were better than - 6 0 dB, while 
the wide band noise was at least - 70 dB measured 
with a 10-kHz bandwidth. 

These specifications depend on the application of 
sound RF design techniques and may vary according 
to the circuit components selected. Although a syn-
thesizer layout is not provided in this article, compart-
mentalization of modules in a true "synthesizer 
fashion" is highly recommended. 

A s suggested at the beginning of this article, other 
than microwave applications of this synthesizer are 
possible. Among them are beat frequency oscillators 
(BFO) and fixed oscillators used in multi-loop fully syn-
thesized HF and VHF/UHF receivers and transceivers, 
as shown in fig. 1. Figure 7A shows the block dia-
gram of a 9-MHz BFO application as used in my HF 
transceiver. Figure 7B shows the circuit details of the 
digital to analog portion of the BFO which provides 
the proper injection to an active product detector/ 
modulator in my transceiver. Many other applications 
are possible. 
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10 through 80-meter 
homebrew receiver 

Even the beginner 
can build and understand 

these circuits 

If you're looking for a ham band receiver that 
combines good performance with simplicity of con-
struction and low cost, read on — because this arti-
cle is for you. This receiver covers the 80, 40, 20, 15, 
and 10 meter bands and can easily be modified to in-
clude the WARC bands or other shortwave segments 
between 3 and 30 MHz. 

This project evolved in response to discussions with 
other hams about the deplorable decrease in the num-
ber of neyv Amateurs. Traditionally, a large part of our 
newcomers have come from the ranks of high school 
students; at one time, young people interested in the 
electronics almost inevitably gravitated to Amateur 
Radio because it was easy to get into, with little 
technical knowledge and only a small investment re-
quired. In recent years, the computer hobby with its 
inexpensive, easily accessible hardware — has pro-
vided similar easy entry. 

Many hams have expressed the opinion that entry-
level equipment has become too expensive and that 
construction articles now seem to deal with equipment 
that is complex, expensive to build, and requires a 
great deal of technical sophistication to construct. This 
started me to thinking about what il would take to 
build a receiver for the main ham bands that would 
provide good performance, yet be simple and inexpen-
sive to build. 

the VFO is important 
In the 1950's and 6Q's most receivers used oscillators 

that switched coils for each band. In later years, 
however, multiple conversion schemes used crystal 
oscillators to establish each band and one non-
switched oscillator as the variable frequency element 
to tune within each band. Many receivers now use fre-
quency synthesized oscillators. These latter two con-
cepts, while improving stability, unfortunately increase 
cost and complexity by a substantial amount. 

Recalling more recent commercial rigs, such as the 
Atlas series, that used switched coil oscillators, I 
wondered how difficult it would be to design and con-
struct a VFO that had acceptable stability for SSB 
reception (see f ig . 1). After deciding it was worth a 
try, I chose 9 MHz as the IF because of the wide avail-
ability of good, inexpensive crystal filters at this fre-
quency. For maximum utility I wanted coverage of 
both the CW and SSB portions of each band. The 
VFO covers 500 kHz on 80 through 15 meters and over 
1 MHz on 10 meters. As we will see later, these ranges 
can be easily changed to suit the user's preference. 

The choices for the IF and band ranges determine 
the VFO frequencies as follows: 

band VFO frequency 
meters MHz 

80 12.5-13.0 
40 16.0-16.5 
20 5.0- 5.5 
15 12.0-12.5 
10 19.0-20.0 

Varactor diode tuning of the VFO was chosen 
because it helps eliminate hard-to-find mechanical 

By Robert Thompson, N1BFV, 4 Owens Brook 
Circle, Simsbury, Connecticut 06070 
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variable capacitors as well as the mechanical linkage 
they require. It also allows size reduction by eliminating 
the bulk of a variable capacitor and allows significant 
reduction in the overall mechanical complexity of the 
VFO unit. One disadvantage of varactors, however, 
is that they require a tuning voltage as close to pure 
DC as possible. I therefore decided to use a 9-volt 
alkaline battery on the prototype. This led to thoughts 
of running an entire receiver on batteries, in the in-
terest of even greater simplicity. 

Since the VFO frequencies for 80 and 15 meters are 
close, one coil was used for both (see table 1). The 
VFO coils could have been switched electrically with 
diodes, but doing so would have taken about 30 mA 

of additional current from the main battery supply. A 
rotary switch was chosen for current economy. 

board construction 
The VFO, the frequency counter, the BFO, the 

bandpass filter, and the IF unit are all constructed in 
a similar fashion. With the method used here you can 
actually build any unit in the same or less time than 
it takes to design and etch a printed circuit board. (One 
main advantage of etched boards, however, is saving 
time on successive boards — but since I seldom build 
more than one of any particular project, PC boards 
are not time-effective for me.) 

I use epoxy material punched with holes on a 0.1-
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table 1. VFO coil data. 

coil turns on frequency wire 
number band 1/4" form* range (MHz) No. 

LI 80 21 12.5-13.0 26 
L2 40 15 16.0-16.5 26 

,L3 20 48 5.0- 5.5 32 
LI 15 12.0-12.5 
L4 10 10 19.0-20.0 22 

•Coil forms Millen 69043 used but any good I /4-inch 10.635 cm) ceramic 
form should be suitable. 

inch grid and clad with copper on one side, widely 
available from mail order suppliers.* Insulated circular 
pads for IC pins and other components are cut with 
a pad cutter tool,* either by hand or with the tool in 
a drill. 

For the VFO I disassembled a single-pole, six-
position rotary switch and mounted a 3-inch (7.6 cm) 
square piece of the epoxy material between the switch 
wafer itself and the switch index mechanism. Three 
holes were drilled in the material: one for the switch 
shaft and two that coincide with the wafer mounting 
screws on the switch itself. (You may have to obtain 
mounting screws a little longer than those that come 
with the switch to allow for the 1/16 inch (0.16 cm) 
thickness of the copper clad board.) 

Next cut appropriate pads for the coils and the VFO 
circuitry. Use T-44 push-in pins/ for terminals such 
as transistor connections and all input and output con-
nections. The four coils are mounted on the front (non 
copper-clad) side of the board by passing their leads 
through and soldering to the pads on the other side 
which directly connect to the switch. The coil bodies 
are then covered with clear Silicone II, an adhesive 
that bonds them firmly to the board and prevents any 
movement of either the coil bodies or the windings 
on the coils. This is extremely important in that it is 
a significant factor in the frequency stability of the 
VFO. All wiring on the VFO should be direct and rigid, 
especially the jumper on the switch for the 80-meter 
position. Sound VHF wiring practices should be 
followed. 

VFO adjustment 
After wiring is completed, a test jig should be 

assembled as indicated to determine the values of the 
series voltage-dropping resistors necessary to have the 
tuning control, a 10 turn, 50 kilohm potentiometer, 
cover the desired range of frequencies (see fig. 2). 

VFO adjustment proceeds as follows: 

• Connect a frequency counter to the VFO output. 

* AH items marked with an asterisk are manufactured by Vector, Inc. 

Left side view shows bandswitch and ganged VFO switch. 
Vertical board in center is BFO: VFO board and coils are 
mounted vertically against rear panel. 

ON vfO bOAfft) 

I l l l C t l 

CNO O 
50> 
*v*v*v 

LOW 

run 
W . 
SO 

I 
fig. 2. Test jig for determining the tuning voltage divider 
series resistors for each band. 

• Set the VFO to the 10 meter position. 

• Set S I on the test jig to the HI position (at end of 
potentiometer R^). 

• Adjust RA SO that the VFO frequency is about 10 kHz 
above the upper limit wanted — for example, on 80 
meters set R A so that the VFO output is 13.010 MHz. 

• Put S1 in the LO position at the end of Re-

• Adjust R b until the VFO output is about 10 kHz be-
low the lower limit wanted — for example, on 80 
meters set R B SO that the VFO output is 12.49 MHz. 

• Put S1 back to the HI position and recheck the fre-
quency. Since these settings interact it may be neces-
sary to repeat the procedure. Measure the values of 
RA and RB and use fixed resistors of those values on 
the bandswitch. 

• Repeat this procedure for the remaining band posi-
tions on the VFO. It may be necessary to adjust the 
coil slugs to obtain the required range. On 40 meters 
it may be necessary to place an approximately 68 kil-
ohm resistor in series with the 9-volt source and RA. 

Because it's unlikely that your unit will require the 
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same values of series resistors as mine because of dif-
ferences that will occur in many components, I advise 
going through the procedure. I also recommend using 
alkaline batteries for both 6 and 9-volt supplies. 
Because of other connections to the 9-volt supply, six 
AA cells are used; the 6-volt supply consists of four 
D cells. 

bandpass filters 
These components are enclosed in a separate unit 

made entirely of copper-clad punched board. The two 
coils for each band are placed next to each other on 
1 /4-inch (0.635 cm) centers. Six volts applied to a 
band terminal forward biases the respective diodes and 
allows signals from the antenna to pass through the 
resonant circuit. The use of diodes, while drawing 
additional current, significantly reduces the mechanical 
problems associated with rotary switches. 

Adjustment proceeds in the following order: 

• Connect an antenna to the input and a receiver to 
the output. 

• Set the receiver to 80 meters. 

• Apply 6 volts DC to the 80-meter terminal. 

• Set the receiver frequency 1 /4 of the way up from 
the bottom of the band, at approximately 3.625 MHz. 

• Adjust one of the 80-meter bandpass coils for max-
imum received signal (or noise). 

• Move the receiver to a frequency 1/4 of the way 
down from the top end of the band, at approximately 
3.875 MHz. 

• Adjust the other 80-meter bandpass coil for max-
imum response. 

• Repeat as necessary to compensate for interaction. 

• Do the same for the remaining four bands. 

These settings will establish filter response across 
the entire bands. If you're primarily interested in either 
S S B or CW, the coils can be peaked accordingly. If 
you don't have a receiver or cannot borrow one, it's 
possible to peak the bandpass filters with the receiver 
itself, once completed. 

BFO 
This unit is constructed on a separate board but 

could be placed on the IF board. Using an available 
crystal filter translated to a U S B BFO frequency of 
9.000 MHz and an LSB BFO frequency of 9.0030 MHz 
(see fig. 3). Normal (i.e., non-inverted) sideband in 
this receiver uses the 9.000 MHz BFO crystal, so no 
readout offset is necessary. In the reverse sideband 
position the readout will be off by 3 kHz. The BFO cir-
cuit uses series resonant crystals. L1 and L2 are 10.7 
MHz IF transformer primary windings (4 /zH) with the 

Top view shows bandpass filter (top left). IF strip (top center); 
VFO board (bottom left), BFO board (bottom center): and 
counter boards (right center). 6-volt battery pack is mounted 
at rear. 

resonating capacitor removed. The 260 and 220 pF 
capacitors are polystyrene and the 100 pF capacitors 
are silver mica. To adjust, connect a counter to the 
output and apply 6 volts DC to the BFO oscillator 
desired. Adjust the corresponding series inductance 
for the correct output frequency. 

IF board 
This board contains the double-balanced mixer, 

crystal filter, IF amplifier, and audio stages (see fig. 
4). The only adjustment here is to peak the slug in T1 
for maximum signal. T1 is also a 10.7 MHz IF trans-
former with an external capacitor to bring it down to 
9.0 MHz. RF derived AGC is internally generated in 
the Plessey SL6700 IC. U4 is a Texas Instruments 
TL442 double-balanced mixer. Connection of pins 3 
and 12 result in a 500-ohm output impedance to match 
the crystal filter. If your filter has a different input impe-
dance you may have to design an appropriate match-
ing network. Application of 9 volts to the mixer is 
necessary to achieve adequate gain. U6 is an audio 
preamp and U7 provides up to a quarter watt of audio 
output to an 8-ohm speaker or headphones. The 
SL6700 has a maximum voltage rating of 7 volts. 

frequency counter 
This unit uses LCD and C M O S components because 

both draw little current and also because we need to 
count frequencies up to 20 MHz (see fig. 5). The least 
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fig. 5. Frequency counter schemat ic. 

significant digit reads out in hundreds of Hertz because 
of a 10 millisecond gate provided by U2 and its associ-
ated crystal. This, and the counter chip, U3, are Intersil 
ICs. (It's important to note that Intersil also manufac-
tures a 7207 A. It's only through the use of the 7207 — 
without the " A " — and the specified crystal frequency 
that the 10 millisecond gate time can be obtained, so 
be careful when ordering.) 

Note that U1 is a high-speed version of the CMOS 
type 4049. Because the latter type will not function 
up to 20 MHz, the 74HC4049 is used instead. 

The liquid crystal display is a Hamlin type 3906. It's 
a little tricky to identify pin 1; to do so just hold the 
display in front of you and move it so that light reflects 

off its face. You'll notice the outlines of the 8s that 
are the digits. Look for the three decimal points be-
tween the 8s. Rotate the display if necessary so that 
the decimal points are at the bottom. The left end pin 
on the top row is pin 1. These both connect to the 
display backplane (see table 2). 

The counter is constructed on two pieces of per-
forated board 2-1 /2 inches (6.35 cm) square, separated 
from each other and the receiver front panel by 112 
inch (1.27 cm) threaded metal standoffs at each cor-
ner. The socket for the 7224 IC is a low profile type 
and is nested inside the socket strips for the LCD. 
These strips are merely the halves of a 40-pin IC socket 
separated by cutting it lengthwise with a hacksaw. 
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Right side view shows tuning pot and IF gain pot. 

table 2. 3906 and 7224 designations. 

3906 pins 7224 pins 
20 IB 1A 21 20 4A 4B 21 
19 1C 1F 22 19 3F 4C 22 
18 1D 1G 23 18 3G 4D 23 
17 1E 2B 24 17 3E 4E 24 
16 DP ' 2A 25 16 3D 4G 25 
15 2C 2F 26 15 3C 4F 26 
14 2D 2G 27 14 3B 1/2 27 

digit 
13 2E 28 13 3A CO 28 
12 3B 29 12 2F LZ1 29 
11 3C 3A 30 11 2G IZO 30 
10 3D 3F 31 10 2E C 31 

inhibit 
9 3E 3G 32 9 2D count 32 

8 4DP 33 8 2C 
in 

RST 33 
7 4C 4B 34 7 2B ST 34 
6 4D 4A 35 6 2A ground 35 
5 4E 4F 36 5 BP OSC 36 
4 4G 37 4 IF 1A 37 
3 38 3 1G 1B 38 
2 39 2 1E 1C 39 
1 BP BP 40 1 + ID 40 

•Use this decimal point 

These two sockets are mounted on unclad perfboard. 
The re,ar board is copper clad and contains the signal 
processing and gating ICs, U1, and U2. Because of 
the relatively high frequencies involved, this hoard 
must be copper clad. 

Upon completion of the counter wiring connect a 
clip lead between pin 29 on U3 and ground. For test 
purposes this will cause all digits to appear as zeros 
with no signal input. Connect the 6 volts to the 
counter; application of voltage greater than 6.5 to U3 
could destroy the IC. The purpose of the 1N914 in the 
counter is to reduce the 6 volts slightly. Four zeros 
should appear on the display with a decimal point be-
tween the least significant zero and the next one. 

To calibrate the counter, run a short length of 
RG-174/U coax from the output of the BFO to the 
counter input. Connect an external frequency counter 
to the same point. Adjust the 30 pF trimmer capacitor 
at U2 until the last four digits of the two counters are 

the same. Remove the clip lead from the 7224. Leading 
zeros will now be blanked on the display. 

general construction notes 

The receiver is built in an aluminum enclosure 
available from Radio Shack (see table 3). A slightly 
larger box would have allowed placement of the bat-
teries inside. The band switch is a three-pole, six-
position rotary mounted on the front panel. A coupl-
ing joins the end of its shaft to the VFO switch shaft. 
The 9-volt battery pack is attached to the chassis bot-
tom with self-adhesive Velcro strips from Radio Shack. 
This sturdy arrangement allows easy removal for bat-
tery replacement. Four D cells in a holder mounted 
on the outside rear wall of the receiver supply 6 volts. 
A jack on the front panel provides audio for external 
speaker or headphones. All circuits and functional 
modules are extensively decoupled with ferrite beads 
and capacitive bypassing. The receiver has no birdies 
and the decoupling is probably a significant factor. 
Small diameter RG-174/U coax is used for all signal 
interconnections as well as to and from the volume 
control. The only totally shielded unit is the bandpass 
filter unit. The IF gain control carries DC and does not 
require shielding. 

changes 

Few designs remain unchanged for long. Were I to 
build this one again, I would consider making some 

table 3. Parts and source list. 

part 
Hamlin 3906 LCD, MV2115 
diodes, 74HC4049, J308, 
741, LM386, 10.7 MHz IF 
transformers. Vector 
board 

Intersil 7224 counter IC 

6.5536 MHz crystal 

Intersil ICM7207 IC 

Texas Instruments TL442 IC 

Plessey SL6700 IC 

BFO crystals 

Enclosure, battery holders, 
miscellaneous parts 

source 
Circuit Specialists 
PO Box 3047 
Scottsdale, Arizona 85267 

Jameco Electronics 
1355 Shoreway Road 
Belmont, California 94002 
Digi-Key Corp. 
701 Brooks Avenue South 
Thief River Falls, Minnesota 56701 
Advanced Computer Products 
PO Box 17329 
Irvine, California 92713-7329 
Radiokit 
PO Box 411 
Greenville, New Hampshire 03048 
Circuit Board Specialists 
PO Box 969 
Pueblo, Colorado 81002 
JAN Crystals 
2400 Crystal Drive 
PO Box 06017 

Fort Myers, Florida 33906-6017 

Radio Shack 
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changes. First, this receiver is designed with VFO fre-
quencies chosen so that, for conventional SSB prac-
tices, a 9 MHz USB filter and one BFO oscillator and 
crystal would probably be adequate for most users. 
Given the current drawn from the D cells, the batteries 
will probably last their shelf life; it may be possible to 
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done since stability at that point was adequate for my 
purposes. VFO stability could be further enhanced, 
especially at the higher VFO frequencies. I would also 
build the VFO in a separate, shielded enclosure, be-
cause there is a slight frequency shift when the re-
ceiver cover is removed. This small portable receiver 
meets all my original goals: simplicity, low cost, and 
good performance. These are exactly the characteris-
tics which make this receiver ideal for newcomer and 
old-timer alike. 

I'll be happy to respond to any questions accom-
panied by an SASE. (Send to Author's address — Ed.). 
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VHF/UHF WORLD 
high dynamic range 
on 2 meters 
In last November's VHF/UHF World 
column' we discussed high dynamic-
range (HDR) with emphasis on cir-
cuitry for the 6-meter band. Judging 
from the correspondence I've received 
and the quantity of parts ordered from 
Proto Parts,* the interest in this sub-
ject is quite high. There were also 
plenty of inquiries for information 
about a companion 2-meter down-
converter. 

Further work has been conducted 
since reference 1 was published. Much 
of this new work, which primarily dealt 
with antenna pattern improvements, 
local oscillator phase noise studies and 
problems with the IF or receiver, was 
presented at the Dayton Hamvention.2 

"Proto-Parts (formerly Proto Fab), 74 Wedgemere 
Drive, Lowell, Massachusetts 01852. 

Since time is precious, I'll keep this 
month's column short and to the 
point, concentrating almost entirely on 
the design of a 2-meter HDR receiver 
down-converter as shown in block 
form in fig. 1. The material in 
reference 1 will not be repeated except 
as required. Further information on this 
very interesting subject will be pub-
lished as time permits. 

preamplifiers 
Let's start by assuming that you've 

read references 1 and 2. Let's go 
directly to the preamplifier stage. Com-
mon semiconductor devices used on 
2-meter preamplifiers include bipolar 
transistors, JFETs, dual-gate M O S 
FETs and GaAs FETs. All of these can 
attain excellent noise figures (less than 
2 dB) and more than sufficient gain (12 
to 30 dB!). 

High gain is not too compatible with 
high dynamic range since the higher 

the gain, the more likelihood of com-
pression, overload, and IMD (inter-
modulation distortion). Furthermore, 
overdriving the mixer, which results in 
a lower dynamic range, can result from 
too much gain in the stage preceeding 
the mixer.1 

The HDR transformer-coupled loss-
less feedback preamplifier described in 
reference 1 can be used as shown to 
cover the entire frequency range from 
1.5 to 200 MHz with almost no loss of 
dynamic range and only a slight in-
crease (0.5 to 1.0 dB! in noise figure 
at the higher end of this frequency 
range. Hence this circuit is highly 
recommended for a 2-meter HDR pre-
amplifier. However, it requires proper 
input and output filtering similar to the 
scheme shown on the 6-meter con-
verter to prevent responding to the 
entire HF/VHF spectrum! (More on 
this shortly.) 

TO TRANSMITTER 

(S€£ NOT E II 

fig. 1. Overall block diagram of a 2-meter HDR receive-type down converter. Note 1: If the transmitter LO port is unused, terminate 
it with a 50-ohm load. 
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fig. 2A. Schematic diagram for a recommended JFET 2-meter preamplifier with moder-
ate dynamic range. Gain is 11 dB and noise figure is 1.5 to 2 dB typical. 
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fig. 2B. Bottom view of preamplifier showing recommended construction technique. 
The preamplifier can be built on the cover of a Pomona 2417, Bud CU123, or equivalent 
cast box. (See text for other details.) 

Dual-gate MOSFETs - and GaAs 
FETs as well — are not recommended 
for HDR since they have too much 
gain. Both are excellent for very low 
noise figures. The output compression 
point for GaAs FETS is poor for HDR 
( + 6 to + 8 dBm or 4 to 6.3 milli-
watts).3 If you use them they should 
have built-in bypass relays so they can 
be switched out of the circuit if there 
are strong signals present that limit the 
dynamic range. 

One of my favorite quick-and-dirty 
preamplifiers uses a JFET. I particularly 
like the U310, a low-cost, readily avail-

able JFET. Caution: don't use the 
J310, a plastic TO-92 version of this 
device, above 100 MHz. The plastic 
package has too much internal induc-
tance in the gate lead and the device 
will be potentially unstable at 2 meters 
and above. 

The U310 can deliver good perfor-
mance from 50-450 MHz with a typical 
gain of 11 to 13 dB, a reasonable noise 
figure (1.5 to 3 dB), and very good 
dynamic range. The typical output 
compression point is not as high as the 
HDR lossless feedback circuit and is 
typically in the range of + 10 to +14 

dBm (10 to 25 milliwatts), which is 
more than sufficient for most 
applications. 

A JFET preamplifier offers another 
advantage in that it has some "built-
in" selectivity from its associated 
matching circuits so it can be operated 
without additional input or output fil-
tering. Two of these amplifier circuits 
in cascade will usually have more than 
adequate selectivity to do the job as is. 
The circuit I use has been around 
many years and was discussed in ref-
erence 4. The recommended circuit 
and values for 2 meters are shown in 
fig. 2. 

If you don't want to build all the ex-
tra filtering associated with the bipolar 
lossless feedback circuit and can 
sacrifice a small amount of dynamic 
range, you can use the JFET circuit 
shown in fig. 2. If only a single stage 
is used, the overall noise figure of the 
converter will be approximately 4 dB, 
hardly a problem for most types of 
operation. This sure beats many com-
mercial transceivers that usually have 
a 7-10 dB or higher noise figure along 
with poor dynamic range and phase 
noise to boot! Two JFET preamplifier 
stages can be cascaded for moderate 

r DOUBLE CLAD PC 80AR0 
CUT TO FIT 

fig. 2C. Typical shield to be placed across 
Q1. Note 1: Solder both sides of shield 
to the ground plane where shown. 
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C1.CZ 2-20 pF low-loss trimmer capacitors, 
air variable l/pa recommended 

U 5 ^ 3/s inch (B.S mm) ID, 
3/a Inch f9.5 mm) long 

fig. 3. Typical recommended input band-pass filter. 

fig. 4. Frequency response of the simple band-pass filter shown in fig. 3. 

o Q 

noise figure (1.5-2 dB) with a commen-
surate loss in dynamic range. 

input filters 

If the HDR lossless feedback 
preamplifier is used, input and output 
filtering are required. A simple single 
section bandpass should be used on 
the input for reasons discussed in 
reference 1. Typically speaking, the 
capacitance-coupled circuit in ref-
erence 1 has a sort of high-pass type 
of bandpass response,5 so it is not as 
effective with all the many types of 
high power RF emitters that are active 
on both sides of the 2-meter band. 

Figure 3 shows an interesting filter 
topology.6 A t first glance it looks like 
a Pi-network. It has one more compo-
nent than the usual filter, a second 
tuning capacitor. 

The advantage of this filter topology 
is that it has a symmetrical response 
about the center frequency with only 
a moderate loss, 0.3 to 0.5 dB typical. 
As shown in f ig. 4, the half-power 
bandwidth is 10 MHz, while the 10 dB 
and 20 dB down bandwidths are about 
30 and 110 MHz, respectively. 

band-pass filters 

Again, if a broadband preamplifier 

is used, additional filtering will be re-
quired just ahead of the mixer as 
discussed in reference 1. A recom-
mended three-section band-pass filter 
is shown in f ig. 5. A plot of its filter 
characteristics is shown in f ig. 6. It has 
a fairly symmetrical passband shape 
and only a moderate loss — 1.3 to 1.5 
dB. Typical half-power bandwidth is 10 
MHz, and the 10 and 30 dB down 
bandwidths are typically 15 and 33 
MHz, respectively. 

The loss in this band-pass filter will 
not degrade noise figure significantly 
if it is preceded by at least 9 to 10 dB 
of preamplifier gain. This filter should 
provide more than adequate selectivi-
ty for a high performance 2-meter 
receiving converter. 

mixers 

Various types of mixers were 
discussed in reference 1. The double 
balanced mixer (DBM) is highly recom-
mended, The MiniCircuits Labs TAK-
1H or equivalent is highly recom-
mended for 2 meters. Other mixers, 
shown in table 1 of reference 1, are 
also acceptable. The lower drive DBMs 
such as the SRA-1 will reduce dynamic 
range but still may be more than suffi-
cient for most applications. 

The DBM circuit in reference 1 is 
very wideband and already covers fre-
quencies through 500 MHz so it will 
not be duplicated here. Don't leave out 
the diplexer; it's very necessary. Also, 
since the 2-meter band is much higher 
in frequency, the use of a 14-MHz IF 
is discouraged since it won' t offer 
sufficient image rejection without ex-
tensive filtering. 

local oscillator 

A Colpitts series-mode oscillator 
similar to the one discussed in refer-
ences 1 and 7 is highly recommended. 
Since the typical IF for a 2-meter con-
verter is 28-30 MHz, a 116-MHz local 
oscillator is recommended. Don't use 
a 58-MHz oscillator with a frequency 
doubter; it will make breakthrough 
from TV and FM stations a potential 
problem. Don't be "penny wise and 
pound foolish." Remember — this is 
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C !,C2,C3 2.20 pF trimmer capaclton 
L1.L3 A turn* NO. 20 AWO 0.25 Inch (8.25 mm) ID 

and 0.5 Inch (12.7 mm) long. Tap 
It ptsctd 1 turn up from pound 

L2 Sima at I' without tap 

fig. 5. Typical recommended three-section 2-meter hand-pass filter. 

fig. 6. Plot of the frequency response of the three-section 2-meter band-pass filter shown 
in fig. S. 

a high-performance HDR receiving 
converter! 

Since the frequency of the oscillator 
is much higher than in the 6-meter 
converter, the tuned components had 
to be modified. The final oscillator cir-
cuit and 3 suitable power amplifier are 
shown in figs. 7 and 8. It yviH provide 
the necessary 100 milliwatts of power. 
{More on this later.) Again, a low-level 
output is provided for a transmitting 
up-converter.8 

postamplifiers 
The low-noise postamplifier using 

the lossless feedback circuit describ-

ed in reference 1 is recommended 
without changes, so it won't be 
duplicated here. Note how the 
modular approach discussed in 
references 1 and 7 has paid off. If you 
have the mixer and post-amplifier from 
the 6-meter converter, all you have to 
do is to change the local oscillatpr and 
front end, and away you go on 2 
meters. 

construction tips 
Once again, the modular approach 

is recommended, with each separate 
circuit packaged in a shielded box. The 
circuits can be built above a double-

clad printed circuit type of material as 
described in reference 1. The boards 
can be attached to the cover of the 
boxes with the connectors. This 
method provides excellent grounding, 
and the components can be soldered 
directly to the board where grounding 
is required. 

The three-section band-pass filter 
must be carefully laid out so that 
mutual coupling will not cause pass-
band ripple. This can be accomplished 
if the individual coils are all wound in 
the same direction and placed at least 
1/2 inch (12.7 mm) apart. 

The U310 preamplifier circuit, if 
used, should be carefully laid out with 
shielding in mind. First a hole should 
be drilled near one side of the center 
of the circuit through the PC board. Its 
diameter should be 0.191 inches (4.85 
mm), the diameter of a No. 11 drill. 
Next, place the U310 in the hole up-
side down and quickly solder the gate 
lead to ground as well as the tab on 
the U310 can. This provides additional 
input to output isolation. Next place a 
shield with a notch for the transistor 
leads across the JFET to isolate the in-
put and output circuits as shown in 
fig. 2. 

Leads in the oscillator should be 
kept short, especially those going to 
the crystal and its associated com-
ponents. Also, it's wise to place the 
oscillator in a box separate from the LO 
amplifier so that any heat generated by 
the amplifier will not affect the stabil-
ity of the oscillator. This has a secon-
dary benefit: if the oscillator is sepa-
rate, it can be used directly with a stan-
dard ( + 5 dBm or 7 milliwatt) DBM un-
til you upgrade to the high-level DBM. 

tune-up 
First connect all the modules 

together as a full converter per fig. 1. 
Then connect an appropriate 2-meter 
antenna to the input of the converter. 
If the oscillator is functioning, noise 
and possibly signals will be heard. 

The local oscillator should be tuned 
for maximum output as indicated on 
an RF power meter. Don't detune the 
oscillator for frequency "netting"; this 
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fig. 7, Recommended oscillator circuit for a 2-meter H D R receive converter. The values 
shown are for 116 M H z and can be used over a wide range of frequencies. If an oscillator 
is desired over a larger range (perhaps +25 M H z ) the coil, L1, can be increased or 
decreased slightly to obtain resonance. 

will decrease frequency stability. If 
only a diode detector is available, place 
a 3 to 10-dB attenuator pad on the out-
put of the oscillator and the diode 
detector on the output of the pad. 
Tune the oscillator for maximum out-
put power. 

If a normal range D B M is used, con-
nect the LO directly to the D B M . If an 
HDR D B M is used, connect the LO to 
the LO amplifier with a piece of coaxial 
cable and measure the available out-
put power. It is not critical, but should 
be between 50 to 150 milliwatts for the 
HDR mixer configuration. 

If the lossless feedback preamplifier 
is used, it doesn't require tuning but 
the input and bandpass filters do. The 
input filter can be peaked on a weak 
signal or tuned for minimum V S W R on 
a low-power test set-up. The band-
pass filter is best tuned on a sweep set-
up, but again could be tuned for maxi-

mum signal strength without a great 
loss in performance. 

If the U310 preamplifier is used, first 
set the input capacitor for nearly 
minimum capacitance. Next peak the 
output capacitor for maximum gain or 
noise when in a typical circuit. The 
typical gain should be 11 to 12 dB. If 
noise figure measurement gear is avail-
able, tune the input circuit for the best 
noise figure. Sometimes this can be 
done at local VHF/UHF conferences, 
especially when noise figure measure-
ment contests are conducted. 

performance 
At first, performance may not seem 

spectacular. In fact, the gain may 
seem low despite the noise figure 
available. If you can borrow a noise fig-
ure meter, check the performance so 
you'll know you're where you should 
be. You should be able to hear just 
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S Y N T H E S I Z E D 
S I G N A L G E N E R A T O R 

MODEL 
SG-100F 
$429.95 
dBllvnrad 

• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy + / - 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out-
put adjustable from 5-500 mV at 50 Ohms 
• Operates on 12 Vdc @ '/? Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator 
• Call or write for details • Phone in your 
order for fast COO shipment. 
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P h o n e : (718).<168-2720 Mon. thru T h u . 

DRAKE R-4/T-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-ol-lhe-art performance. 

Mosl types available 
INSTALL KITS TO UPGRADE 

PERFORMANCE! 

• BASIC Improvement 
• Aud io Bandpass Filter 
• Audio IC Amplif ier 
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OVERSEAS AIR $7 
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Introducing the B U T T E R F L Y 
Beam from Butternut! 

C o m p a c t S i z e 
The H R B ' s 12V?-foDt e lements a n d 6-foot 
b o o m are ideal for home-s ta t ion use and 
for w e e k e n d retreats, condos . apart-
ments and other p laces where overs ized 
b e a m s are prohibi ted. Its light weight 
(17 pounds) m e a n s il can be turned wi th 
a tv rotator, yet it is robustly con-
st ructed in the best tradit ion o l our 
wor ld - famous Butternut ver t icals 

See your authorized 
Butternut dealer 

The HF4B Compact, 2-element 
Beam for 2 0 - 1 5 - 1 2 - 1 0 meters 

P e r f o r m a n c e 
The H F 4 B BUTTERFLY has not 
sacr i f iced per fo rmance for compac tness . 
Its un ique design, wi th fanned e lements 
a n d L-C circui ts avoids use of power-
robb ing t raps yet p rov ided high-ef f ic iency 
opera t ing on all bands. T h e BUTTERFLY ' 
outper fo rms anyth ing in its c lass. 

The HF4B oi lers an SWR of 1.5:1 or less at 
resonance. Its 2:1 bandwidth is 200 kHz on 
20 meters. 450 kHz on 15. 1 7 MHz on 10. 
and across the entire 12 meter band. And it 
will handle the legal power limits both CW & 
SSB. Gain is at least a d B on 20. 4.5 dB on 
15 and 5 dB on 10 & 12 meters. Front-to-
back is up to 18 dB on 10, 12 and 20m. and 
up to 15 dB on 15m 

BUTTERNUT ELECTRONICS CO. 
4 0 5 E a s t M a r k e t S t r e e t 
L o c k h a r t , T e x a s 7 8 6 4 4 

Please sonri aii rortdcr inquiries cJtfuei 

Turn a few hours work into years of 
fun with Amateur Television. 
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(12.7 mm) long 
L2X3 7 (urns ot No. 24 AWG 0.1 Inch (2.5 mmI ID 

and 0.25 Inch (6.35 mm) long 
01 CATV typo of atutt-mounlod modlum 

power transistor. See reference 6. 
use 62091. Action CDJ899, NEC74Q20J2SC12&1. SSM SO 
1005 or TRW LT2001 ere all 
sulloblo types 

02 high gain PNP tranalator. 3N20O5 or aqulvalant 
Rl 20 olma 0.5 warn. Can use two 39 ohm 

1/4 welters In parallel 

fig. 8. Recommended local oscillator amplifier for use with high-level DBM. Note 1: 
Bolt Q1 stud to cover of box to provide better heatsinking. 

important VHF/UHF events 
about anyone who's working into your 
area, if your antenna gain is sufficient. 

In the presence of strong signals, 
you will immediately notice the im-
proved performance. Now you'll see 
why I've previously stressed that the 
IF will ultimately be the limiting device! 
If you used the modular approach, the 
circuits can be swapped at will as you 
step up in performance. Also, should 
you ever suffer a failure, repair or 
bypassing is easily accomplished. It 
may even be smart to incorporate a 
bypass switching arrangement to 
switch out the IF postamplifier when 
high level signals are present. 

summary 
This month's column again stressed 

improved performance that is within 
the means and skill level of most 
Amateurs. Those who have tried these 
approaches have been pleasantly sur-

prised. It's nice to know that you're 
keeping up with the state-of-the-art! 
When good gear is used, contacts are 
more enjoyable and the weak ones are 
easier to work. 
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December 21: 

Peak of Taurids Meteor 
Shower predicted at 0930 
UTC 
ARRL International EME 
Contest 
Peak of Casseopids Meteor 
Shower predicted at 0330 
UTC 
EMB Perigee 
Peak of Leonids Meteor 
Shower predicted at 0300 
UTC 
ARRL International EME 
Contest 
7-11 PM Local, 2-meter 
SWOT Contest (contact 
K5IS for detailsI 
EME Perigee 
Peak of Geminids Meteor 
Shower predicted at 0650 
UTC 
Peak of Ursids Meteor 
Shower predicted at 2200 
UTC 
± 1 month, winter peak of 
sporadic-E propagation 
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TECHNIQUES Pa> 

UD RATIO 
fig. 1. Ratio of half-wavelength to conductor diameter (K-factor for tubing elements). 

the mystery of 
the tapered element 
I r ece i ved an i n te res t i ng let ter in 
the mail the other day. It seemed some 
of the DXers were having a lively dis-
cussion on the effects of taper on the 
elements of a Yagi beam antenna. Re-
cent ly pub l i shed in format ion on 
tapered elements seemed to indicate 
that a severely tapered element could 
actually be longer than a half-wave-
length yet still be resonant.1 

The letter writer concluded that it 
was reasonable to see that a " th i ck " 
element is shorter than a " th in" ele-
ment, but it was beyond the realm of 
possibility that a tapered element could 
be longer than either a " th in" or 
" th i ck" element. 

My friendly inquirer closed his letter 
by saying that a "longer-than-normal 
resonant element of the tapered vari-
ety contradicts the laws of Nature. Say 
it isn't so ! " 

the background 
This was an interesting letter. Is it 

possible to have a tapered element 
physically longer than a half-wave-
length at a given frequency, yet reson-
ant at that frequency? A little insight 
into basic antenna theory might pro-
vide the answer. To quote the ARRL 
Antenna Handbook:2 

The shortest length of wire that will 
resonate to a given frequency is one 
just long enough to permit an electric 
charge to travel from one end to the 
other and then back again in the time 

of one RF cycle. If the speed at which 
the charge travels is equal to the veloc-
ity of light, 300,000,000 meters per 
second, the distance it will cover in 
one cycle will be equal to this velocity 
divided by the frequency in cycles per 
second, or 

x = 300,000,000 
f(Hz) 

in which \ is the wavelength in meters. 
Since the charge traverses the wire 
twice, the length of wire needed to 
permit the charge to travel a distance 
X in one cycle is \/2, or one-half 
wavelength. 

Since the speed of light is a univer-
sal constant, either the frequency can 
be adjusted to a given wire length, or 
the wire length can be adjusted to a 
given frequency. Finally, by changing 
from the metric system to the English 
system and dividing the formula by 

two, the familiar and useful formula for 
a half-wavelength in space is: 

where L is length in feet of a half-
wavelength for a frequency,/, in MHz. 

The final step is to take into account 
the ratio of length to diameter of the 
conductor. The smaller the ratio, the 
shorter the antenna will be for a given 
electrical length. This is illustrated for 
tubing elements in the graph f ig . 1. 

A length-to-diameter ratio of about 
4,000 to 1 is appropriate for a wire an-
tenna in the HF range. A length-to-
diameter ratio of, say 250 to 1 could 
apply to a resonant element made of 
a luminum tubing. The tubing element 
wou ld be about 97 percent as long as 
a wire element for the same frequency. 
It is possible, then for a " th i ck " ele-
ment to be quite a bit shorter than a 
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" th in" wire element, or than the free-
space dimension of a radio wave of a 
given frequency. No argument so far, 
is there? 

what the broadcasters 
found out in 1934 

In 1924 Stuart Ballantine showed 
that, for a given amount of radiated 
power, the field strength at the horizon 
would be greatest when the vertical 
antenna (over a good ground) was 
0.64 wavelength high.3 This was the 
concept behind the popular 5/8-wave-
length vertical antenna. 

This was of immense benefit to 
broadcast stations because it allowed 
them to have a signal about 40 percent 
greater than that provided by a 1 /4-
wave vertical antenna fed the same 
power. During the period between 
1925 and 1930, many broad-cast sta-
tions in America and Europe switched 
over to the new antenna design. 

In attempts to obtain this optimum 
situation the broadcaster had to erect 
a tower more than twice as high as had 
been used previously. Two types of 
tower designs were available, as 
shown in fig. 2. The type A installa-
tion consisted essentially of two 
towers placed base-to-base and held 
in a vertical position by four or more 
guy wires. The type B design was 
more conventional, with the four 
tower legs mounted on base insula-
tors. No guy wires were required. 

After using these towers for some 
months it became apparent that the 

results achieved were not consistent 
with theory. The promised gain failed 
to materialize, and the unwanted, high 
angle radiation was not appreciably 
reduced. In May, 1934, extensive tests 
were run on the radiation pattern of 
WABC (in Wayne, New Jersey), using 
an airplane to provide vertical pattern 
plots. The results were discouraging 
(fig. 3). 

The next step was to measure the 
current distribution along the tower. In 
the case of the type A design, the 5/8 
wavelength tower should have the cur-
rent distribution shown by curve A of 
fig. 4. But the measured current actu-
ally resembled curve 6! The current 
distribution did not resemble the sin-
usoidal curve predicted by theory, nor 
was there a current reversal approxi-
mately a 1 /2-wavelength from the top 
end of the antenna! The top portion of 
the antenna carried very little current 
and the bottom portion of the antenna 
nearest the ground carried most of the 
current. 

H.E. Gihring and G.H. Brown of the 
RCA Victor Company ran tests on an-
tenna models built to scale for a wave-
length of 4 meters. The tests on the 
models duplicated the results found by 
measurement on the larger broadcast 
antennas.4 The clue was that the cur-
rent distribution on the tower was non-
sinusoidal, and the rules that applied 
to normal antennas with sinusoidal 
current distribution did not apply to 
towers of irregular cross section! 

Armed with this information, tests 
were run on the type A tapered an-
tenna tower at WCAU (in Philadelphia, 
Pennsylvania). This tower has an addi-
tional 100-foot shaft protruding out of 
the top. They found little current in the 
shaft and, again, no reversal of current 
at the half-wave point along the tower. 

The final check was to build a 4-
meter model antenna out of wire hav-
ing a constant cross-section. They re-
ported "substantial agreement" be-
tween theoretical and observed values. 

problem defined 
how to solve it 

Gihring and Brown had proved that 
it would be desirable to make the 

- THEORETIC/XL PATTERN 

- MEASURED PATTERN 

fig. 3. Airplane field strength measure-
ments on WABC antenna showed radia-
tion pattern was not what was expected. 

A - THEORETICAL CURRENT DISTRIBUTION 
ON 3 / 0 - WAVELENGTH TOWER. 

8 - MEASURED CURRENT DISTRIBUTION. 

fig. 4. (4) Theoretical current distribution 
on 5/8-wavelength tower and (B) meas-
ured current distribution. 

cross-section of the 5/8-wave antenna 
constant if it were to obey the theore-
tical laws and deliver the anticipated 
power gain. They proved this in simple 
fashion. They made a wooden frame-
work the same size as the maximum 
tower cross-section for the WCAU 
tower and dropped wires down to the 
comers of a square frame placed at the 
base of the tower (fig. 5). Voila! Even 
with as few as four wires, the current 
distribution on the tower approximated 
the desired sinusoidal waveform and 
the radiation pattern proved to be what 
was predicted for the 5/8-wave an-
tenna height. 

So there it was. By summer, 1935, 
broadcasters had started to shift away 
from self-supporting towers in favor of 
uniform cross-section, guyed towers. 
And these are the tower designs that 
are in use today by the majority of 
broadcast stations around the world. 

the taper effect 
Although they had a different goal 
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fief*. 5. Wire frame suspended from "hat" 
atop WCAU tower restored proper cur-
rent distribution along the tower. 

in mind, Gihring and Brown had de-
fined and described the so-called 
"taper effect" — that is, that normal 
assumptions about antenna length do 
not apply when the antenna element is 
not unifrom in cross-section through-
out its length. The antenna can be 
"thick" or " thin" and all is well, but 
when it's tapered, all sorts of strange 
things seem to happen! 

the discoveries 
of W3MWC and W6KPC 

While the tapered tower effect was 
well-known in the broadcast industry, 
it remained unknown to the Amateur 
fraternity in general. The taper problem 
did not apply tp VHF beam antennas, 
it seems, because most of them were 
made of a single section of tubing for 
each element and no taper was pre-
sent. Even conventional 6, 10, and 20 
meter beams had little, if any, taper. 
For experimenters who built HF beams 
with tapered elements, the puzzling 
results and poor beam performance 
could not be linked to the conventional 
element dimensions in use. 

As far as I know, the first discussion 
of element taper in Amateur literature 
was presented by my good friend 
Frank Clement, W6KPC.5 Frank found 
that his 14 MHz driven element ended 
up 17 feet 2 inches (5.23 meters) long 
because of the extreme taper. (Note 

that the element is longer than the 
conventional electrical half-wave-
length.) 

There the matter rested until 1967, 
when Jim Berger, W3MWC, attempt-
ed to build a 3-element, 40-meter beam 
with tapered elements. In a letter to 
QST,° Jim noted that he had to 
lengthen his elements to make the 
antenna work properly. The tapered 
driven element ended up 71 feet (23.6 
meters) long (again, much longer than 
the conventional electrical half-wave-
length.) 

W2PV defines and 
solves the problem 

Aided by data from W6KPC, I de-
rived a simple chart that provided a 
correction factor for a tapered ele-
ment, based upon the maximum and 
minimum diameters of the element. It 
proved to be practical, and a few 
beams with tapered elements were 
designed from my data with good 
results. However, I had no mathemati-
cal proof that my supposition was 
correct. 

I pushed the matter to the back of 
my mind until the late Jim lawson, 
W2PV, published a mathematical ex-
planation of element taper in his 
monumental series of articles in ham 
radio.7 The computer program he sug-
gested was quickly compared against 
my heuristic (cut-and-try) data and I 
was pleased to find excellent agree-
ment. A variation of the original pro-
gram has since been published in ham 
radio.89 

and the answer is 
Yes, it is entirely possible for a "half-

wave" element to be longer than pre-
dicted by conventional formulas if the 
element in question has a nonsinus-
oidal current distribution along it. One 
of the most common examples (there 
are-others) is the simple tapered ele-
ment having a non-uniform diameter 
along its length. But the means are 
now at hand to predict this aberration 
and to compensate for it. 

the 80-meter Yagi at OH1RY 
Build an 80-meter Yagi antenna? 

fig. 6. The 80-meter Yagi of Peter, OH1RY. 
If you look closely, you can see Peter stand-
ing atop the center of the beam. 

Impossible. But Peter Kolehmainen, 
OH1RY did it! The antenna is shown 
in figs. 6 and 7. This monster is atop 
a 92-foot (30.6 meter) high tower plac-
ed on the crest of a 60-foot (18 meter) 
hill, making the beam about 150 feet 
(46 meters) above the surrounding ter-
ritiory. The boom length (including the 
tip guying supports) is 72 feet (22 
meters) long. The antenna itself 
weighs about a half-ton (454 kg). 

Element taper? The element is 6 
inches (15.24 cm) in diameter at the 
boom, tapering to 1/2-inch (1.27 cm) 
diameter at the tips! As you can im-
agine, this provides some bizarre ele-
ment lengths. The driven element is 
135.5 feet (41 meters) long for reson-
ance at 3.8 MHz. The first photo 
shows Peter squatting on the driven 
element, which is hinge-mounted to 
heavy insulating plates bolted to the 
side of the boom. The weight of the 
element is supported by the small 
"mast" and guy wire assembly behind 
him (I wonder where the photographer 
was standing when this picture was 
taken?) 

If you look at the photo of the beam, 
you'll see Peter standing atop the 
antenna, dwarfed in size by the mon-
ster he has created! 

Does the antenna work? Just listen 
for OH1RY and judge for yourself! 
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Price 
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PERFORMANCE 
• Low Vertical Radiation Angle 
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• Efficient Design 
• Omnidirectional Pattern 

DEPENDABILITY 
• High Quality Materials 
• Weatherproof Design 
• Rugged Construction 
•Advanced Engineering 

PRICE & CONVENIENCE 
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• Easily Installed 1 
• Compact & Lightweight § 
• UPS Shlppable 
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fig. 7. Pater, OH1RY, atop the driven element of his 80-meter Yagi. Center of element is 6 
inches (16,24 cm) in diameter) 

good reading from Canada 
Our neighbor to the north, Yuri 

Blanarovich, VE3BMV, is the editor of 
a publication that all Amateurs (espe-
cially DXers) should be aware of. A 
first-class production Radiosporting 
covers all aspects of contest and DX 
operating — antennas, equipment, 
station operation, stories of DXpedi-
tions — the worksl I enjoy every issue 
of this publication. If you're interested 
in it, contact Yuri at Box 65, Don Mills, 
Ontario, Canada M3C 2R6. (I wish 
somebody would explain the British 
and Canadian postal code system!) 
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PRACTICALLY SPEAKING.. ./T ^ 

tracking the 
hideous intermittent: 
part 1 — mechanical 
intermittents 
Repair problems are never fun, 
especially since they take us off the air 
more times than not. 

Probably the nastiest, meanest, and 
most contemptible of all repair prob-
lems are the intermittents. These come 
and go, usually occurring when it's 
least convenient. They almost never 
occur when you're ready to trouble-
shoot; you stand there, instrument 
probes in hand and brain engaged, 
only to find the dam set working prop-
erly. You turn your back, set the 
probes down, and — zot! — the 
trouble reappears momentarily and 
then disappears again. 

Although I'm the first to admit that 
finding intermittents sometimes falls 
into the unholy realms of sorcery and 
witchcraft, certain things can be done 
to enhance the probability of success. 

There's no such thing as a universal 
procedure for locating intermittents 
because different kinds of equipment 
have somewhat different requirements. 
To keep things simple, we'll limit the 
scope of this discussion to trouble-
shooting a high-frequency S S B trans-
ceiver with receive problems. 

where to look 
One thing you can do is educate 

yourself about the kinds of parts and 
faults most likely to create intermittent 
symptoms. Very high on the list are 
switches and relays. Because these de-

TUBE 

\ 

SOCKET ^ 
\ l 

SPRING TENSION ' 
CONTACT MAY 
BE OtRTT 

«- PIN 

u 
fig. 1. Dirty tube sockets create intermit-
tent conditions. 

vices are mechanical, they're subject 
to wear and tear. You'll find dirty in-
ternal electrical contacts, poor spring 
tension, and other faults causing inter-
mittent symptoms. In many cases, a 
session with a pencil eraser on the con-
tacts or a squirt of contact cleaner (for 
example. Blue Stuff) will work won-
ders. Ih other cases, however, only re-
placement will solve the problem < 

Another potential sore spot is poten-
tiometers. These components are vari-
able resistors in which a shaft-operated 
wiper electrode rubs against a wire-
wound or carbon resistance element. 
If either the element or electrical con-
tact on the wiper gets dirty, then 
operation can become intermittent. 
Unless the dirt has physically damaged 
the resistance element (as sometimes 
happens, especially on carbon ele-
ments), a simple squirt of contact 
cleaner will solve the problem. Be 
especially aware of potentiometers 

that normally pass direct current (DC) 
through the wiper connection* I recall 
a 1963/64 car radio model in which 
cost-conscious engineers eliminated a 
coupling capacitor from the volume 
control and audio preamplifier circuit, 
thereby making the volume control re-
sistance part of the preamp transistor's 
bias network. Passing the DC bias 
through the control generated a mas-
sive warranty problem for the manu-
facturer as those volume controls were 
chewed up by the truckload! 

The printed circuit board (PCB) is 
another common source bf intermit-
tent problems. Two forms of the prob-
lem are common; poor solder joints 
and damage, sometimes hidden, tc 
the board. Both types of fault art 
especially aggravated in hot parts o1 
the equipment: near power transistors, 
rectifiers, vacuum tubes, power resis 
tors (2 watts and above), larhps and sc 
forth. These areas sometimes can be 
identified by discoloration of the PCB 
(We'll discuss PCB problems in i 
moment.) 

In vacuum tube equipment, the tube 
socket can produce intermittent prob 
lems. If the tube pins or the socke 
contact (fig. 1) lose tension, then ar 
intermittent connection results. Thest 
faults can be repaired in most cases 
If dirt is the problem, remove the tube 
and gently clean its pins with a dime 
store ink eraser, spray the pins with i 
clear contact cleaner, and reinsert th< 
tube into the socket. Next, pull the 
tube out of the socket and then rein 
sert it four or five times in a row. Thi: 
action will clean the socket. Wait a hal 
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hour or so for the cleaner to dry, then 
turn the rig on to evaluate the results. 
If the intermittent remains, re-tension 
the socket contacts with either a tiny 
screwdriver tip or other sharp-pointed 
tool. 

Components can be the source of 
some maddening intermittents. Unfor-
tunately, some component problems 
tend to heal themselves the instant a 
probe is attached (especially semicon-
ductors). Be especially wary of plastic 
packaged transistors, tubular (non-
mylar) capacitors, and resistors. These 
components account for a large por-
tion of the problems. 

Shielded IF and RF transformers 
(fig. 2A) are frequent sources of inter-
mittent faults. The coil wire attaches 
to the lugs on the base, and these 
sometimes break (see fig. 2B). In 
some cases, a careful worker can 
repair these transformers; it's merely 
a matter of resoldering — you'd be 
surprised how many escape the fac-
tory unsoldered! 

finding the intermittent 
The first step, crucial to quick suc-

cess, is observation. Define in your 
mind what the rig is doing wrong, 
what functions are affected, and 
whether it happens on both receive 
and transmit. Narrowing down the 
possibilities allows you to restrict your 
efforts to a certain few stages, once 
you determine which stages may or 
may not be affected. For example, if 
the probleqi happens on S S B but not 
CW, or on receive but not on transmit, 
we can then infer that the problem is 
probably not in a stage that is common 
to both affected modes. Deciding 
which stages are likely candidates 
depends on understanding your trans-
ceiver; do a block diagram analysis and 
read any circuit descriptions provided 
by the manufacturer. 

Some intermittents occur under 
vibration, touching, or thumping. A 
certain number of such problems are 
due to bad switches and potentio-
meters. A little light tapping with an in-
sulated probe, a little jiggling, or visual 
inspection will often locate the source 
of the problem. 

fig. 2A. RF/IF transformers. 

fig. 2B. Another cause of intermittency is 
traceable to broken coil lead/base LUG 
connections. 
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fig. 3. View the P C B with light shining 
through to find cracks. 

Most mechanical faults are due to 
either bad PCB joints or bad compon-
ents mounted on the PCB. Unfortu-
nately, many of these problms fail to 
yield to the tapping method because 
any vibration at all, anywhere on the 
board, will produce the fault. Two 
approaches helpful in this regard don't 
require formal troubleshooting: visual 
inspection and shotgun solder 
touch-up. 

Visual inspection involves examining 
every joint on the PCB with a 10X or 
so magnifying glass under adequate 
light. Examine the board two ways: 
first with the light shining on the 
soldered side, then with the light shin-
ing through the PCB from the compo-
nent side (fig. 3). In the latter case, 
subsurface cracks in the PCB material 
can break a joint or track. Even if the 
joint or track appears normal it should 
be reworked. 

Visual examination takes a certain 
amount of practice; one needs to 
develop a "small eye," that is, the abil-
ity to see defects where others would 
see a "normal" joint. 

I usually inspect PCBs with a bottle 
of fingernail polish or a grease pencil 
handy. Especially on large boards, 
each apparent anomaly is marked so 
that I can find it easily later on. This 
habit is especially useful when using a 
magnifier because the glass will distort 
your perception of space. 

Shotgun soldering is especially use-
ful when the area of the intermittent 
is known, when the PCB is small, or 
when nothing else seems to work. I 
can recall another mobile radio receiver 
problem in which the VHF front-ends 
PCB had a high "bad joint" intermit-
tent rate, but were difficult to remove 
and replace. In that case, the more 
elegant "visual inspection" method 
was not cost effective, so we pulled 
the PCBs, soldered every joint, and 
tinned every track. Rarely did this 
method fail on that particular problem. 

At this point let me digress a little 
bit to answer the purists who would 
criticize this approach. I admit that the 
elegant method is to find the single 
bad joint or broken track and repair 
only that. Unfortunately, this approach 
can be time-consuming and may even 
be impossible. While the purist "super-
tech" is messing around trying to 
analyze which joint is bad, I'm going 
to fix the rigl Commercially, the shot-
gun approach is more profitable — and 
to Amateurs it means getting back on 
the air sooner. 

Next month: Tracking down thermal 
intermittents. 

ham radio 
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digital frequency readout 
using the Commodore 64 

A -s- by 16 prescaler 
designed for the Argosy I 

can be adapted 
to other transceivers 

Although digital frequency readout is clearly a 
major advance in Amateur transceiver technology, 
many excellent rigs that offer most of the other ad-
vantages typical of state-of-the-art gear don't have 
digital readout. Yet it seems ridiculous to replace a 
good piece of equipment because of this one short-
coming. If you have such a rig, you might want to 
consider adding a digital frequency display as an 
accessory. 

This can be done through the purchase or construc-
tion of a frequency counter, but such gadgets tie up 
both station space and dollars, and without special 
hookups can display only transmitted frequencies. 
Furthermore, when the station already contains a 
computer and monitor, it seems redundant to add yet 
another display with its associated batch of 
electronics. 

I was doing a good job of break-in CW with a Ten-
Tec Argosy and a Commodore 64 serving as a CW 
keyboard. With conditions becoming more and more 
difficult as the sunspot number fell, the need for sharp 
filters and "on-the-nose" schedules became too acute 
to be ignored, and the analog dial of the Argosy fell 
short of what was needed. Accordingly, I decided to 
make the computer display the required information. 

Fortunately, the C64 contains an array of hardware 
timers that operate independently off the central pro-
cessor and can be accessed through the user port. It 

also contains a stable frequency reference in the form 
of the machine clock. The timers perform the com-
parison of unknown and reference frequencies. The 
mathematics necessary to display the operating fre-
quency, formulated in BASIC, run in real time in order 
to provide a continuous readout. The system is easy 
to implement and debug, performs beautifully, and is 
readily adaptable to other popular transceivers. 

timer 
The timers are part of two 6526 Complex Interface 

Adapter (CIA) integrated circuits contained in the 
machine. One of the two ICs is dedicated primarily to 
the keyboard interface, but its timers are partly acces-
sible through the user port. The second CIA is dedi-
cated to the user port and the serial interface, and its 
functions are fully accessible. 

The timers are 16-stage binary counters that can be 
preset to any count between 1 and 65,535. They count 
down from the preset value and deliver an output 
when the count passes zero. Thus, they can divide 
an input frequency by any integral number within their 
range. Furthermore, they can be cascaded by appro-
priate instructions to form a longer counter chain. 

The signal counted can be either an external input 
or the machine clock. The latter runs at 1 .Q22727 MHz 
and is derived from a master crystal oscillator that also 
generates the color subcarrier in a TV. 

The counting rate is limited to about 500 kHz by the 
internal mechanics of the interface chip. It is there-
fore necessary to bring the frequency to be measured 
down into the range below 500 kHz. However, an 
aliasing effect permits moderate extension of the limit 
with appropriate modification of the programmed 
mathematics. 

By Clifford J. Bader, W3NNL, 1209 Gateway 
Lane, West Chester, Pennsylvania 19380 
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fig. 1. Readout system. USER FORT 

design considerations 

A key requirement for digital frequency readout is 
precise gating of the counter that records the fre-
quency to be measured. This would be difficult to do 
if the gating were done through software, since the 
machine cycle times for executing BASIC instructions 
are a significant fraction of the counting period re-
quired. Fortunately, the designers of the CIA arranged 
for direct access of the timer output through the user 
port, without intervention by the computer's pro-
cessor; thus, one timer can be used to precisely gate 
another by the addition of simple external circuitry, 
and the result can be examined by the computer at 
its leisure. 

In general, neither the transmitted nor the received 
frequencies are present as a steady-state signal (except 
in the case of a direct-conversion system), so an in-
direct method of determining the frequency must be 
used. Since most modern gear uses a master oscillator 
covering a fixed range, in conjunction with crystal-con-
trolled heterodyning oscillators for the various bands, 
it is generally satisfactory to measure the master oscil-
lator frequency and to apply appropriate corrections 
to the display. The stability of the heterodyning system 
is usually good enough to make the correction a con-

stant factor, and no significant error results from 
warm-up or temperature changes. 

My Argosy oscillator operates in the 5-MHz region, 
as do the oscillators in many other transceivers. To 
get the frequency below the 500-kHz limit, the fre-
quency to be measured must be reduced by a factor 
of better than 10. Translation through a mixer could 
be used, giving an output of 0 to 500 kHz as the oscil-
lator covers 5 to 5.5 MHz, but an additional crystal 
oscillator would be needed and the mixer output cir-
cuit would have to be broadbanded over the range 
from DC to 500 kHz. 

It's easier to use a frequency divider in the form of 
a simple integrated-circuit counter. For example, a 
four-stage binary counter divides by 16, giving an out-
put frequency range of 312.5 kHz to 343.75 kHz as the 
input varies from 5 MHz to 5.5 MHz. 

An obvious disadvantage of the divider is the loss 
of precision associated with the compressed frequency 
range. The precision can be regained, however, by 
lengthening the counting interval by an equivalent fac-
tor. Normally, achieving 100-Hz resolution — which 
is typical of most digital readout transceivers — would 
require counting for 0.01 second; with the divide-by-16 
prescaler, the time must be lengthened to 0.16 second 

' or more. Fortunately, a repetition rate of two or three 
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times per second is fast enough for a useful real-time 
readout, so the divider scheme is practical. It is easy 
to implement, requiring only the binary counter and 
a transistor buffer-driver to amplify the small amount 
of RF taken from the 5-MHz transceiver oscillator. 
Power can be taken from the computer's user port. 

The computer program for performing the readout 
and display handles a number of functions. First, it 
arranges the timers for the task at hand. Then it starts 
the count cycle running and monitors for completion 
of the cycle. Next it obtains the resultant count and 
performs the mathematics necessary to deduce the 
oscillator frequency from the count. It applies the 
appropriate corrections for the band and mode in use, 
as input by the operator. Finally, it displays the resul-
tant figure on the screen, and initiates a new cycle. 
Despite all this activity, the program is a short one, 
requiring fewer than 50 lines of typing and only a few 
seconds to load from tape or disk. 

system implementation 

The readout system is shown in fig. 1. Timer A of 
the user port divides the machine clock frequency by 
65,536. When its count passes zero a pulse is delivered 
to user port timer B. The latter is preset to a count 
of 2; when it also indicates an underflow (at a clock 
count of 65,536 x 3 = 196,608), line PB7 (Pin L) of 
the user port switches from plus 5 volts to zero volts. 
This voltage transition gates off the external counter. 

The counting interval is 196,608/1,022,727 = 
0.192239 second. 

Counter B of the keyboard interface CIA counts the 
input pulses delivered from the external divide-by-16 
prescaler through Pin 4 of the user port. It is preset 
to 65,535 at the start of each cycle and counts down 
until the external signal is gated off. 

The schematic of the external prescaler is shown 
in fig. 2. The binary counter is a TTL 74197, which 
is capable of 70-MHz operation. There are numerous 
other possible choices, including some CMOS varie-
ties; however, with the latter it may be necessary to 
run the prescaler at a higher voltage than 5 volts to 
achieve the 5 MHz counting speed. This would in turn 
lead to power supply and interfacing complications. 

A cursory glance at the transistor buffer circuit sug-
gests that it violates all the rules of stable biasing for 
amplifiers. So it does, but the objective is not linear 
reproduction of the signal, but rather the development 
of a square wave drive from a hundred millivolts or 
so of sinusoidal signal. Thus, it is permissible to 
operate the stages at a small degree of either satura-
tion or cutoff. The resistor values shown keep the 
2N2222s in such a state. 

The coupling to the transceiver is through a simple 
capacitive pickoff and a 3-foot (0.9 meter) shielded 
cable to the prescaler. The loss in signal caused by 
the voltage-divider effect of the cable capacitance is 
made up by the two-stage amplifier in the prescaler. 

PR£ A MP 

fig. 2. Prescaler schematic. Bias resistor values are chosen for a small amount of saturation or cutoff. Stage delivers square 
wave drive from about a hundered millivolts of sinusoidal signal. 
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The advantage of this approach is that it requires no 
active hardware inside the transceiver and produces 
no large-amplitude square waves near the transceiver's 
receiver circuitry. 

In my Argosy, the 39 pF capacitor is connected to 
the output (rearmost) terminal of the PTO assembly 
and a shielded cable is run from there to one of the 
spare RCA jacks on the rear panel. Many transceivers 
have the VFO signal already available on the back 
panel and require no internal modification. In general, 
the pickoff point should be at the output of the VFO 
buffer, and the rig should be checked after connection 
of the prescaler to make sure that there is no loss of 
output. 

The prescaler is located close to the user port and 
enclosed in a small aluminum box (fig. 3) to prevent 
radiation of harmonics of the scaled-down frequency 
every few hundred kilohertz throughout the spectrum. 
Such radiation is also suppressed by the 0.001-/tF 
capacitor from the prescaler output to ground, which 
slows down the edges of the square wave going into 
the port. 

At W3NNL, the prescaler shares the user port with 
an MFJ-1228 CW/RTTY interface, and is piggybacked 
on the latter (fig. 4). There is only one port line (Pin 
L) in conflict, and a switch is provided to transfer it 
from frequency readout to the MFJ. I have also com-
bined a CW keyboard program (not shown) with the 
frequency readout. 

In the absence of such a piggyback scheme, it will 
be necessary to procure a connector with the required 
0.156-inch (4-mml contact spacing. These seem to 
turn up at hamfests only in much longer sizes than the 
24-pin variety needed for the user port; however, the 
excess length is easily removed with a hacksaw. 

computer program 
The BASIC program shown in fig. 5 can be followed 

using the memdry map presented in the C64 Pro-
grammer's Reference Guide. Lines 110 through 290 
are concerned with acquiring the operator-specified 
band and mode, and defining the pre-established cor-
rection factors. The section from line 300 through 420 
sets up the timers, runs the count cycle, and calculates 
the frequency. The remainder of the program is de-
voted to formatting and displaying the output and 
starting a new cycle. 

The timer interface uses POKE and PEEK statements 
directed to the appropriate addresses. The count ip 
timer B of the keyboard CIA is picked off in two eight-
bit bytes, and the number of pulses is calculated and 
multiplied by a factor which yields the original input 
frequency to the prescaler. The low-edge oscillator fre-
quency is subtracted from the input frequency, and 
the lower edge of the band in use is added. Finally, 
corrections unique to the individual transceiver are 

fig. 3. Prescaler is enclosed in a small aluminum box to pre-
vent harmonic radiation. 

either added or subtracted; these corrections take care 
of crystal-tolerance errors in the heterodyne frequen-
cies, deliberately introduced offsets such as those used 
in the Argosy to avoid birdies, and shifts in the re-
ceived and transmitted frequencies dependent on the 
mode of operation selected (CW or either sideband). 

The correction consists of a term K representing the 
conversion-oscillator related effects, a factor D repre-
senting the offset between CW and normal sideband 
operation, and a multiple of D which is the shift in-
curred when the reverse sideband is selected. Of 
course, if only one mode is to be used, D may be 
omitted from the selection statements and from the 
frequency equation of line 400, and the mode select 
routines of lines 130-160 and 270-280 can be omitted. 
The value of K can be determined for the mode of 
interest. 

Several tasks are associated with formatting and dis-
play. The screen is cleared and the "FREQ = " leader 
is printed, followed by the frequency, a wide space, 
and the mode entered. To avoid a string of meaning-
less extra digits after the decimal point, the computed 
frequency is rounded off to the nearest 0.1 kHz. To 
eliminate the visually unpleasant sensation produced 
by the C64's dutiful suppression of the decimal point 
and following zero on integral kilohertz readings, some 
jockeying is performed to tack the point and zero back 
on. Finally, compensation is made for the leading-zero 
suppression, which occurs when tuning from above 
10 MHz, to below 10 MHz, and which would other-
wise shift the display left and expose a spurious right-
hand digit. 

The above action is repeated every few hundred mil-
liseconds, except that the screen is left uncleared after 
the first cycle. Clearing produces flicker and is unnec-
essary unless the format changes. 

For the display to work properly, it is imperative that 
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fig. 4. Prescaler mounted on M F J Interface. 

the display portion of the program be typed exactly as 
specified, including all embedded punctuation marksi 

correction factor determinations 
When the program is first typed, lines 180 through 

280 should be omitted. The missing lines may be 
entered after determining the K and D factors as 
described below. 

If the correct nominal low-edge oscillator frequency 
has been entered on line 290, the indicated frequency 
will be somewhere within 10 kilohertz or so of the true 
value when the program is run and WWV, CHU, or 
the crystal calibrator is tuned in. Before starting the 
correction factor procedure, the calibrator should be 
checked to make sure it is accurately tuned to the 
standard-frequency station. 

To determine /Cfor a given band, only one measure-
ment is necessary. With the rig set in the normal side-
band position for the band in use. the crystal calibrator 
should be tuned to zero beat. The frequency indicated 
by the display should be noted and subtracted from 
the ac,tual frequency of the calibrator harmonic. The 
result is the value of K. This operation should be 
repeated for each band or bandswitch segment and 
the numbers recorded for entry into the program (don't 
forget the minus signs where applicable). 

Next, the transceiver should be set for CW and the 
calibrator harmonic tuned for the proper CW pitch 
rather than for zero beat. The direction and magnitude 
of the change in indicated frequency should be noted. 
The change will normally be about 0.8 kHz. An accu-
rate value can readily be determined if the rig has a 
sharp audio or crystal filter. If a separate receiver is 
available, a still more accurate measurement can be 
made by noting the display reading when the trans-
ceiver is placed in the transmit mode and zeroed in 
the external receiver with a known reference. The Ft IT 
or OFFSET control should be set to zero for this 
measurement. 

The value of D obtained is positive if the indicated 
frequency decreases as compared to the zero beat set-
ting, and negative if it increases. By way of example, 
in the program (fig. S) at 10 MHz the indicated fre-
quency with WWV at zero beat in the SSBN (normal 
sideband) mode was 10010.8 kHz, leading to a K of 
minus 10.8. With the WWV carrier peaked in the audio 
filter, the indicated frequency increased another 800 
Hz to 10011.6 kHz, yielding - 0.8 for D. The numerical 
value of D holds for all bands, but the sign changes 
as the rig implements CW on different sides of zero 
beat. 

Finally, the opposite sideband should be selected 
and the zero-beat procedure followed. The correction 
determined should be divided by D to give the multi-
plier used in line 280. Again with reference to fig. 5, 
my display read 10014.2 in the reverse (USB) mode, 
or 3.4 kHz higher than SSBN. This is 4.25 times as 
large as the CW correction and in the same direction, 
so the multiplier in line 280 becomes 4.25. 

operation 
The program asks for entries of the band in MHz 

and the mode (0 for CW, 1 for normal SSB, and 2 for 
reverse SSB). It then displays the frequency to the 
nearest 0.1 kHz and the mode in use. A flickering of 
the display between two adjacent tenths digits indi-
cates that the frequency is approximately halfway be-
tween the two values. 

The readout follows the incremental tuning on re-
ceive and shows the transmitted frequency when the 
key is pressed or the mike activated, If there is con-
siderable RF in the station the readout may be erratic 
on transmit, but will work if the drive is decreased to 
reduce the spurious RF. 

To change the band and/or mode in use, press the 
f1 key. This restores the prompts and starts the pro-
cess again. 

adaptation to other transceivers 
As described, the program and hardware should 

work with the Ten-Tec Omni as well as the Argosy. 
However, a number of other transceivers use upper/ 
lower sideband selection rather than normal /reverse 
for the band in use. In general, its merely necessary 
to change the format, substituting LSB and USB for 
SSBN and SSBR. Proper choice of correction factor 
values and algebraic signs will then produce equivalent 
performance. 

Of more concern is the VFO frequency and its re-
lationship to output frequency. Both the Kenwood 
TS520S and the Yaesu FT101E use backward tuning 
VFOs' that is, the low-band edge corresponds to max-
imum VFO frequency. This requires modification of 
the frequency equation of line 420 to read: 
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no REM DIGITAL FREOUENCY RERBUUT BY W3NNL 3/93 
120 PRINT CHR»<147> 
110 INPUT "8PND MHZ-.B INPUT-flCWE <0=CW l=SS8N, 2-SSBR>".n 
140 IF 11=0 THEN Hf-'CH" 
150 IF 11-1 THEM M-'SSBN" 
160 IF H-2 THEN n»-"SSBR" 
170 REN K RN0 0 FRCTORS BELOW APPLY 70 U3NN_ fiROOSV ONLY 
180 IF 8-3.5 THEN K"-.ro«-.8 
190 IF 8-7 THEM K—.4 0— .B 
200 IF 8-10 THEN K--18.B 0— .8 
110 IF B-14 THEN K—.4 D-.8 
220 IF B"21 THEM K—10.4 D-.8 
2JO If 8-28 THEN K—11.3 D-.S 
iJO IF B-23,5 THEN ««-tt.8 D«.? 
250 IF B-J9 THEN K—U.6 B-.8 
260 IF B-29.5 THEN K=-11.T- B-.8 
270 IF M"! THEN D-0 
280 IF 11=2 THEM D»4,2:«I) 
' .-t- E-SOfJC F*Eri fiRO'JSV PT'j FRE*J KH2 "I LOU PmNPEIjGE 
301? PRINT CHR»<|4?> 
3:0 P0KE5S58S.8 

PQKES6590.I 
338 P0KE363S2.2 POKES6383.0 P0KE3639I.16 i u:E3*t\<!. 
•m pwemzr.i&s powsseszs.î t 

IF PEEt'.!S657?i>12?THEH 3M 570 H=?EEK13£32?> L=PEEKC*3K> 390 P0KE56333.16 " 390 P0KE5M35.33 400 N=256»<253-H)+2̂ 5-L •S10 IF >K.J2?£3 IHEH 420 F * ' . 430 HP INT CHR»<I9> PflHT'FREQ -S40 F"10fF 450 IF F-INT<F;<.3 THEN 470 460 F-F'l 470 F-!NT(F>/IO 480 IF F<18000 RNLI F>9000 THEN 360 4S0 IF F-INT(F)O0THEN 320 500 PRINT*. PRINT CHR»(157). 318 PRINT".0-..PRIM! 1» OOTO 530 520 PRINTF. PRINT m 
338 GET C» IF C»"CHR»U33> THEN 12B 348 IF PEEK'56577)028 THEN340 
350 C0T03SB 
360 PRINT CHR»!2S). 
370 OOTO 490 
RERDY. 

fig. 5. C-64 program for digital frequency readout. 

420 F = E - .08322975" N + 1000*B + K + D 
The TS520 VFO tunes from 5.5 to 4.9 MHz, so the 

value of E in line 290 becomes 5500. The FT101 VFO 
tunes from 9.2 to 8.7 MHz, so E for this rig is 9200. 

Since 9200/16 = 575, the FT101 pushes the com-
puter past its upper frequency limit. This is where the 
previously mentioned aliasing effect comes to the 
rescue: the increasing rate at which pulses are missed 
causes the timer to slow down in exact proportion to 
the frequency excess. It turns out that correct results 
are obtained if the count is subtracted from 2 x 
65536 = 131,072. Thus, line 410 should be changed 
to read: 410 N = 131072-N 

Rigs that have provision for 160 meters require the 
insertion of a correction-factor line for that band in the 
block between lines 170 and 270. For the TS520, 8 
should equal 1.8, and for the FT101, B should equal 
1.5. Line 200 may of course be omitted for rigs which 
do not have a 10-MHz band. 

Both the TS520 and FT101 have external access to 
the VFO. The TS520 VFO buffer is available through 
a 2:1 resistive divider at the VFO phone plug connec-
tor, and through direct connection at Pin 1 of the EXT 
VFO socket. The former connection is preferable if 
enough signal is obtained to drive the prescaler. The 
FT101 VFO is available at Pins 6 or 7 of the EXT VFO 
socket. 

The program in fig. 5 will accommodate oscillator 
frequencies from about 2.7 to 8 MHz. Frequencies be-
low 2.7 MHz can be handled if line 410 is omitted. 

final comments 
The most likely causes for failure of the system to 

operate are typing errors in the program or a problem 
in the prescaler. If the latter is running, it should be 
possible to hear harmonics at multiples of the divided-
down frequency if the receiver antenna is brought near 
the circuit board. An analog DC voltmeter will read 
about 2.5 volts when connected to Pin 12 of the 74197. 
Some experimentation with preamplifier base resistor 
and input coupling capacitor values may be necessary 
if the VFO output is very low. 

One very quickly becomes addicted to the circuit, 
to the extent that the rig is never on unless the com-
puter is first fired up. It is satisfying to be able to set 
the display to 14000 kHz on a seemingly dead 20-
meter band and have one of the beacon stations pop 
out right in the center of the audio passband. 
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SATELLITE TELEVISION RECEIVER 
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• Infrared remote control tuning 
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complete. 

SEMIKIT $300.00 
Completed downconverter add 100.00 

Completed receiver and downconverter 
add 150.00 
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DX 
FORECASTER 

Garth stonehocker, K0RYW 

winter DX season 
November through February 

constitutes the winter DX season. 
Because the D and E regions of the 
ionosphere receive less energy from 
the sun in the northern hemisphere 
during this time, less ionization occurs. 
Therefore, the daytime attenuation of 
radio signals is lower in winter than 
during the rest of the year. 

Attenuation is a result of signal 
energy being absorbed by ions in the 
D region (35-50 miles or 60-80 km) 
above the earth. The amount of ab-
sorption is related to the zenith angle* 
to the sun from the points where your 
path crosses this D region. And on any 
propagation path, absorption increases 
with the number of transits of the D 
region and varies inversely with fre-
quency. So in working DX, it pays to 
use the higher frequency bands to ob-
tain more distance per hop (resulting 
in fewer transits) and less signal loss. 

This is why we generally think of 6, 
10, or 15 meters for DXing. But in 
winter, particularly near sunspot mini-
um, we have the opportunity to work 
DX on the lower frequency bands with 
lower signal loss, day or night, than at 
any other time of the year. But you 
can't always count on it; signals travel-
ing a high latitude path may be poor 
for several days at a time. This is 
known as the winter anomaly.' 

Along with the lower signal attenua-
tion, the QRN decreases as fewer local 
thunderstorms pass through your area 
and the large thunderstorm areas near 

the equator move further south, re-
quiring more than one hop to get to 
us. This decreases the noise some 6-8 
dB, which is particularly noticeable on 
the 160, 80, and 40-meter bands. 

Even though ion production in the 
D, E, and lower F regions is lower, ions 
are better able to diffuse and drift up-
ward along the geomagnetic field lines 
into the F region. This layer is the 
major factor in defining the maximum 
usable frequency. In winter this max-
imum usable frequency rises rapidly as 
the sun rises each day, peaking just 
after noontime, then diminishing dur-
ing the afternoon, evening, and 
through the night to a low value just 
before dawn the next day. The excep-
tion to this situation is for locations 
nearer to the equator, where the ion-
ization continues to drift and diffuse up 
during the afternoon and evening to 
become the transequatorial maximums 
described in my October, 1983 col-
umn.2 The maximum usable frequency 
peak reached each day and the depth 
of the predawn minimum frequency of 
the next morning are related to the 
solar flux of the day. The higher the 
flux that day, the higher the frequency 
peak and the lower the dip the next 
morning. 

Another advantage during the winter 
season is that the geomagnetic field is 
least disturbed during November and 
December. This manifests as least vari-
ation of the magnitude and direction 
of the geomagnetic field lines in an 
hour's time. This translates into fewer 
periods of QSB during these months. 

last-minute forecast 
The first and second weeks of 

November are expected to favor the 
higher HF bands, 10 through 30 
meters. The solar flux is expected to 
be higher at this time of the month and 
result in higher MUFs. If the geomag-
netic field is also disturbed at this time 
then transequatorial propagation on 
southern paths should also be ex-
pected. More hours of darkness, less 
QRN, and stable signal conditions give 
an edge to the lower bands for east-
west and northern DX contacts this 
time of year. The lower HF bands are 
expected to be best the last two weeks 
of the month. You can update this 
forecast daily by listening to the time 
and frequency radio station, WWV, on 
2.5, 5, 10, 15, and 20 MHz at 18 min-
utes after each hour. When the solar 
flux, as announced, is below 75 and 
the geomagnetic A is less than 15 or 
K is less than 4 the lower bands should 
be best. If the geophysical indices are 
higher, consider using the higher HF 
bands instead. 

The Taurids meteor showers will 
occur from October 26 to November 
22, with a maximum count of ten per 
hour from the 3rd through the 10th of 
November. Lunar perigee is on the 
12th, and a full moon falls on the 27th. 
A total (totality of 1 minute 59 seconds 
duration) eclipse of the sun is calcu-
lated to be visible on November 12th 
way down in the Antarctic regions. It 
starts south of Africa at 1209 UT and 
moves to the tip of South America, 
ending at 1612 UT. The bands open to 
Antarctica on the accompanying pro-
pagation chart should lower to 40 
meters and then recover during the 
above time period on eclipse day. Try 
for a contact! 

band-by-band summary 
Ten, twelve, and fifteen meters, the 
day-only DX bands, will be open from 
morning to early evening almost every 
day, and to most areas of the world. 
The openings on the higher of these 

"The Zenith angle is the angle measured from directly 
above an observer to the sun 10 degrees when the sun 
is directly overhead, 90 degrees when the sun is at the 
horizon). 
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ICOM R71-751-R7000* COMPUTER INTERFACE 

MICROCOMPUTER ELECTRONICS COPORATION NOW OFFERS 
THE M.E.C. 71a COMPUTER CONTROL INTERFACE THAT WILL 
CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A. 

M A I N M E N U Control center tor 
entirfi system Showing: ?dHR 
UTC lime; radio Ireq, & mode; 
memory CH. Ireq, mode plus ID 
functions (or your selection. 

3 2 C H R A D I O M E M O R Y Show-
ing Ireq to 10 Ht. mode, filter 
win. Load/change any memory, 
mode, filter direct from key-
board and prim command. 

Easy to use. No computer knowledge 
needed, automatic program loading. No 
disk or tape required (except lor aux 
memory storage). 
M e n u dr iven to aid user at each step. 
No radio modification necessary (ICOM 
EX309 — not supplied — required). 
A U T O L O G Allows logging ol radio Ireq, 
mode and time by press of a key. 
U N L I M I T E D S T O R A G E via computer 
disk or tape (store 705 CH per disk side). 
Let your imagination run wild. 
Sof tware update. As new software is 
developed MEC will make it available to 
owner subscribers. 

A U X I L I A R Y M E M O R Y Show-
ing page 1 of 47 pages each 
having 15 memories. Froq, 
mode. UTC time and room for 
your notes. Auto log feature 
allows Instant logging of 
receiver froq, mode. time. 

H A R D COPY via computer printer of all 
memory channels. 
K E Y B O A R D memory loading. 

Price to be announced - CALL . 
Avai lable Fall 85. Dealer inquiries 
invited. 
EEB is the exclusive distr ibutor for 
Microcomputer Electronics Corp . 's 
product wor ldwide. Address all in-
quir ies to EEB. 
EEB is an authorized I C O M dealer and 
service center . Buy with confidence. 

GET ALL THE DETAILS. WRITE OR CALL EEB TODAY 

EEB 
Prices & specs subject to change 
Shipping charges not included 
Returns subject to 20% restock charge 
Free catalog in USA; all others 3 IRC's 

ORDER TOLL FREE 800-368-3270 
Tech Info - VA orders 703-938-3350 

ELECTRONIC EQUIPMENT BANK 
516 Mill Street NE 
Vienna, VA 22180 USA 

bands will be shorter, occur closer to 
local noon, and provide paths mainly 
to the southern hemisphere with a 
possibility of transequatorial openings. 

Twenty, thirty, and forty meters are 
both day and night bands. Twenty is 
the maximum usable band for DX in 
the northern directions these days 
during the daytime, then teams up 
with 30 meters to fill in through the 
night for the day-only bands. Forty 
meters becomes the main over-the-
pole DX daytime band, with some 
hours covered by 30. This path may be 
affected by anomalous absorption dur-
ing a few days of the month. 

Eighty and one-sixty meters, the night-
only DX bands, will exhibit short-skip 
propagation during daylight hours, 
then lengthen for DX at dusk. These 
bands follow the darkness path, open-
ing to the east just before your sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas during the hour or so before 
dawn. Eighty is the maximum usable 
band for some night hours now dur-
ing sunspot minimum; consequently, 
signal strength and signal quality can 
be expected to improve. One-sixty 
may also be better. Remember the DX 
windows of 3790-3800, 1825-1830, and 
1850-1855 kHz. 

r e f e r e n c e s 
1. Garth Stonehocker. K0RYW, "DX Forecaster." ham 
radio. Decermber, 1984, page 63. 
2. Garth Stonehocker, K0RYW, "OX Forecaster," ham 
radio, October, 1983, page 92. 
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Gus Browning, W4BPD 

GUS B R O W N I N G , W 4 B P D S 
DX'ERS MAGAZINE 

For over 17 years, Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely, 
pertinent information on when and where to find 
those elusive DX stations. 
Gus's personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA, Canada & Mexico. 

Gus also prints high quality QSLs and other related items. 
Write today for a free sample ol his QSLs and DX'ERS MAGAZINE. 
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a scanner for 
CB to 10-meter conversions 

Diode matrix replaces 
40-position selector switch 

There have been many articles on CB-to-10 meter 
conversion projects over the last few years, one of 
which was an excellent article by MacFarquhar and 
Grant1 in which they described the steps necessary to 
convert a Citizens Band AM radio to an FM transceiver 
operating on 10 meters. In this article, we show how 
to replace their 40-position channel selector switch 
with some digital logic that adds the ability to scan 
up to 20 channels. In addition, we described a way to 
obtain a 100 kHz offset for repeater work without us-
ing a second crystal. All the other features of Mac-
Farquhar and Grant's original modification are 
preserved. 

If you already have a converted CB, enough infor-
mation is provided here to build the scanner; if you're 
starting the project from scratch, the MacFarquhar and 
Grant article will be necessary.* 

circuit description 
Since the CB was designed for mobile operation, 

the converted radio must use a mobile power source 
or operate from a 13.8 volt DC power supply. Power 
supplies are available commercially at surplus stores, 
and many excellent articles on building your own have 
been published. 

•Reprints are available from ham radio, Greenville, New Hampshire 03048, for 
$3.00 each. 

Rather than build a separate + 5 volt supply for the 
scanner, we borrowed a few mA from the + 5 volt 
supply in the CB. Low-power components were select-
ed to minimize the load on the existing CB radio power 
supply. 

The scanner and control circuit requires only six in-
tegrated circuits and can be built on a 3 x 3 inch (7.6 
x 7.6 cm) card. A diode encoder is used to program 
the operating frequencies. This gives the advantage 
of being able to select any of ten frequencies and more 
importantly, gives one a choice of crystals (frequency) 
to use. 

A schematic diagram of the scanner section is 
shown in fig. 1. U1 is a decade counter with a built-in 
binary to decimal decoder. The outputs feed the diode 
encoder and indicator LEDs. The input to U1 comes 
from oscillator U2 (in the scan mode) or flip-flop U3A 
(in the single step mode). The other half of U3 is used 
to offset the frequency by 10 kHz. The frequency of 
the original CB is controlled by a Phase Locked Loop 
integrated circuit, or PLL IC. The diode encoder con-
verts the ten decimal outputs from U1 to four control 
inputs to the PLL. The four control inputs cause the 
PLL to change its output frequency and the receive/ 
transmit frequency of the radio. U4A is used to moni-
tor the squelch of the radio and stop the scan when 
a signal breaks the squelch. 

A type 555 oscillator (U2) is used to provide a scan 
step to the counter. The 7555 is a CMOS version of 
the 555 timer; its operation is identical except that the 
7555 draws much less current. Radio Shack carries a 
TLC-555 which is also low current. 

By Robert K. Baker, W2FMY, 263 Washington 
Avenue, Saugerties, New York 12477, and Gary 
Bischoff KB2GA, 1358 Charles Hommel Road, 
Saugerties, New York 12477 
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The oscillator is cut off by grounding pin 4 or 5. Pin 
5 is connected to S3, the SCAN/LOCK switch. Pin 4 is 
controlled by U4A, a comparator. When the radio re-
ceives a signal that breaks the squelch, the voltage 
at Q120 collector goes up, forcing the output of U4A 
low, stopping the oscillator. The other half of U4 is 
used to drive a "busy" light for visual indication when 
a signal is present. 

The diodes at the input to the counter form an OR 
circuit so that inputs to either diode will step the 
counter. U3A is a debouncer for the STEP switch, 
which should be a push button or spring loaded tog-
gle. U3A is used on an R-S flip-flop — even though 
it is a D-type device — by wiring the switch contacts 
directly into the Reset and Set inputs. 

If S2 is closed, the output of U3B will be held in 
RESET state, forcing a logic zero to PLL control pin 
PO. Frequency coverage will be ten "even" frequen-
cies — 29.50, 29.52 through 29.68 MHz. If S2 is open, 
U3B will be toggled by the end carry from the counter 
each time the counter counts ten pulses or wraps 
around. When the output of U3B is high, frequency 
coverage is shifted up 10 kHz to cover the " odd " fre-
quencies of 29.51,29.53 through 29.69. The circuit will 
alternately scan the even then odd channels while S2 
is open. When the frequency is shifted up, the high 
level at U3 pin 9 turns Q11 on, lighting the +10 kHz 
LED. 

The ten outputs from the CD4017 counter drive 10 
LEDS in addition to feeding the encoder. Q1 through 
Q10 (and Q11) can be almost any general purpose NPN 
small signal transistor such as a 2N2222 or 2N3904. 
The 4.7 kilohm base resistors were chosen to provide 
about 1 mA of base current, which allows practically 
any transistor to be used. Note that there is only one 
dropping resistor (1K) used for the ten LEDs since only 
one LED is on at a time. The current for the LEDs 
comes from the 13.8 volt source. 

A diode encoder is used to convert from a decimal 
number to the digital data required by the CB PLL chip 
to select different frequencies. Figure 2 shows the en-
coder used with our selected output frequencies and 
crystal frequency. 

Figure 3 shows a transmit offset circuit that can be 
added to obtain the - 1 0 0 kHz offset required for 
repeater access. Two boards were built using the crys-
tal switching scheme described by MacFarquhar and 
Grant. They worked fine, but the price of the 10.795 
MHz crystal exceeded the price of the CB board. A 
simple circuit was therefore developed to make use 
of the existing counter U1 when working through a 
repeater. The circuit (fig. 3) consists of two cascaded 
timer circuits, where U5 is a one-shot enable for oscil-
lator U6. When the microphone PTT switch is depress-
ed, the voltage on the CB point 14 goes positive and 

is inverted by Q13. The resulting negative shift at the 
collector of Q13 is coupled via the 470 pF capacitor 
to a diode gate and to the input of U5. The negative 
spike at pin 2 triggers U5, allowing oscillator U6 to 
send five pulses to the CD4017 clock input via the 
diode, which becomes the third leg of the existing OR 
circuit. When the PTT switch is released, the negative 
going level change at CB point 14 is coupled through 
the 0.01 microfarad capacitor to the input of U5 and 
another string of five pulses is sent to the 4017 
counter. The circuit is disabled for simplex operation 
by grounding pin 4 of U5. 

The pulse rate of U6 is about 240 microseconds. It 
is enabled for about 1 millisecond by U5. The time that 
U5 enables U6 must be set carefully. When the entire 
scanner is operating, the pulse width of U5 can be 
trimmed by selecting the proper value for Rx- Use a 
potentiometer or a decade box and lower the value 
of Rx until four pulses are output from U6. The pulses 
can be counted by using the PTT switch and observ-
ing the LEDs. Note the value at which the pulses 
change from five to four. Raise the value of Rx until 
six pulses are observed. Note this value and install a 
fixed resistor for Rx that is about halfway between 
these two values. If the 0.005 /iF capacitor is accurate 
R x should be around 150 kilohm. A mylar capacitor 
should be used in this circuit. 

frequency and crystal selection 
The following explanation is provided to explain fre-

quency control and how to use an available crystal. 
The CB Phase Locked Loop (PLL) was designed to 
operate in the range of 2.24 to 2.68 MHz. Attempting 
to operate the PLL outside this design range may re-
quire modification of the PLL lowpass filter.3 4 

The present ARRL 10-meter FM band plan covers 
the range of 29.50 to 29.70 MHz. The national calling 
frequency is 29.60 M H z (similar to 146.52 on 2 meters). 
Repeater outputs are on 29.62, 29.64, 29.66, and 
29.68, with their inputs 100 kHz lower on 29.52 
through 29.58. 29.50 is used as another simplex fre-
quency. The CD4017 decade counter forms the heart 
of the scanner and gives us access to all ten frequen-
cies. The ten additional frequencies are obtained by 
using a flip-flop to program the low order bit on the 
CB ' s PLL. The ten "odd " frequencies are presently 
all simplex frequencies. 

To see how a crystal is chosen, we start at the re-
quired output frequency and work backward. If, for 
example, 29.6 MHz is the output frequency selected, 
the PLL VCO is mixed with a 10.695 MHz crystal oscil-
lator to generate the transmit frequency. Our 29.6 MHz 
target requires that the VCO operates at 29.60 + 
10.695 or 40.295 MHz. This in turn is mixed with the 
third harmonic of another crystal oscillator (Q105 on 
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fig. 1. The scanner section only requires a few ICs. 

the CB). The difference frequency is filtered and 
applied to the PLL. This frequency must fall in the 
range of 2.24 to 2.68 MHz. 

When we started this project, we had about a dozen 
crystals left over from an earlier 10-meter club project. 
These crystals were marked 12.61333 MHz and had 
been ordered for a PLL using a reference frequency 
of 5 kHz rather than 10 kHz. The scheme we used re-
quired the crystal to operate up or down one third of 
a 5 kHz step or 1.67 kHz. W e found the oscillator 
(Q105) more agreeable to being "rubbered" up than 
down, and had no trouble reaching 12.615 MHz. This 
frequency would have resulted in having to shift down 
to 10 kHz from 29.7 to reach 29.69 and not being able 
to use 29.50, which was clearly not desirable. By re-
ducing C118 to 15 pF we were able to move the fre-

quency up to 12.61833 MHz. Two units were built with 
crystals of 12.61833 MHz and they worked fine with 
the original value of C118. 

The crystal's third harmonic of 37.855 MHz, when 
subtracted from the VCO frequency of 40.295 MHz, 
yields a difference of 2.44 MHz. To match at the 10 
kHz PLL reference frequency, the PLL divider must 
divide by 244. The divide number is controlled by 
applying logic levels to the P0-P8 inputs of the PLL. 
Note that the PLL chip has internal pull-down resistors 
on these inputs. An open circuit is a logic zero, and 
a logic 1 is obtained by pulling an input up toward + 5 
volts. 

W e can develop a truth table based upon our choice 
of crystal. The P inputs of the PLL have binary 
"weights" with P0 having a value of 1, P1 having a 
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table 1. Truth table. 

desired 
frequency VCO F mixer F* PLL program pin values 

(MHz) (MHz) IMHz) divider** P8 P7 P6 P5 P4 P3 P2 PI P0 
29.50 40.195 2.3400 234 0 1 1 1 0 1 0 1 0 
29.51 40.205 2.3500 235 0 1 1 1 0 1 0 1 1 
29.52 40.215 2.3600 236 0 1 1 1 0 1 1 0 0 
29.53 40.225 2.3700 237 0 1 1 1 0 1 1 0 1 
29.54 40.235 2.3800 238 0 1 1 1 0 1 1 1 0 
29.55 40.245 2.3900 239 0 1 1 1 0 1 1 1 1 
29.56 40.255 2.4000 240 0 1 1 1 1 0 0 0 0 
29.57 40.265 2.4100 241 0 1 1 1 1 0 0 0 1 
29.58 40.275 2.4200 242 0 1 1 1 1 0 0 1 0 
29.59 40.285 2.4300 243 0 1 1 1 1 0 0 1 1 
29.60 40.295 2.4400 244 0 1 1 1 1 0 1 0 0 
29.61 40.305 2.4500 245 0 1 1 1 1 0 1 0 1 
29.62 40.315 2.4600 246 0 1 1 1 1 0 1 1 0 
29.63 40.325 2.4700 247 0 1 1 1 1 0 1 1 1 
29.64 40.335 2.4800 248 0 1 1 1 1 1 0 0 0 
29.65 40.345 2.4900 249 0 1 1 1 1 1 0 0 1 
29.66 40.355 2.5000 250 0 1 1 1 1 1 0 1 0 
29.67 40.365 2.5100 251 0 1 1 1 1 1 0 1 1 
29.68 40.375 2.5200 252 0 1 1 1 1 1 1 0 0 
29.69 40.385 2.5300 253 0 1 1 1 1 1 1 0 1 

1 = logic one ( + 5) 
0 = logic zero (ground) 

Note 1: Q105 oscillator 12.61833 MHz new crystal. 
Note 2: Oscillator x 3 = 37.85439 MHz. 

*2.680 maximum, 2.240 minimum. 

(Four + 10.695) - (3 oscillator) MHz 
"divider - ,„ ,„, 

10 MHz 

value of 2 and so on up to P8 with a value of 256. The 
frequency choice of 29.50 to 29.68 MHz works out so 
that P8 is always zero (floating), and the P5, P6, and 
P7 inputs are always logic 1, which we tied up to + 5. 
To cover the desired frequencies, we need control only 
four inputs, P1 through P4. Since we have shown that 
the "divide by" number for 29.60 MHz is 244 and we 
are spacing our steps 20 kHz, it follows that 29.62 MHz 
would require two 10 kHz counts higher on 246. From 
the information that we now have, the truth table 
shown in table 1 has been developed. 

Examination of the table reveals that the P0 input 
is a logic zero for all of the "standard" 10-meter FM 
channels, which happen to be represented by even 
numbers. Switching the P0 input to 1 ( + ) shifts the 
PLL up 10 kHz to ten "in between" frequencies which 
are odd numbers - 29.51, 29.53, 29.55, etc. 

Table 1 also shows the frequencies at the VCO out-
put and the mixer output. Note that the mixer fre-
quency must fall in the range of 2.24 to 2.68 MHz for 
the PLL to operate correctly. Table 1 was derived from 
a spreadsheet program that does the mathematics in-
volved with the crystal selection and frequency genera-
tion, t To check on the usability of a crystal, the user 
enters the crystal frequency and the highest output 
frequency desired; the program calculates the VCO 

output frequency, the mixer output frequency, the 
divider necessary to match the 10 kHz input to the 
PLL, and the PLL program pin values. The spread 
sheet is useful for demonstrating what is happening 
in the circuit as well as for crystal and frequency 
selection. 

To build the encoder, replace each + in the truth 
table with a diode. No diodes are needed for the -
points on the table because of the pull-down resistors 
in the PLL. 

construction 
The first step in building this radio should be to get 

the CB working as a CB. (The referenced articles cover 
this subject in detail.234) We took the additional step 
of inserting pins in the CB at the points where con-
nections are to be made such as the speaker output, 
microphone input, and the volume and squelch 
potentiometers. 

In addition to making the board easy to remove, we 
can interchange boards when problems arise. We 
found that the extra work was beneficial. 

tA copy of the spread sheet, written in Lotus 123 and VisiCalc for an IBM 
PC and compatibles, or in VisiCalc for Apples, is available from the authors. 
Send an S A S E for information. 
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The board used for the modification was made by 
Cybernet when the CB craze was in full swing. 
Cybernet manufactured these boards for several 
manufacturers such as Hy-Gain, Kraco, and others. 

W e found some CB boards with wrong value com-
ponents. If the phase locked loop can not be made 
to lock by adjusting the VCO coil slug, check the value 
of R103 in the VCO circuit. The correct value is 1.5K, 
not3.3K. Also, C101, which is buried in wax, should 
be 18 pF. (Some had a purple mark and measured 22 
pF. If C101 is black, it's OK. This is apparently a pro-
duction change that works on 27 MHz but doesn't 
work on the high end of 10 meters.) 

W e had a severe birdie problem on all 20 channels 
during tune-up of one of the first conversions that we 
built. The birdie was apparently caused by the 10.695 
offset oscillator's being off in frequency. To prevent 
problems when the radio is being tuned up, all three 
oscillators must operate at the correct frequency. 
Radio Shack carries 3-10 pF trimmers (catalog No. 
272-1338) that fit directly in the board; they are useful 
for adjusting the oscillators. Start with the 10.24 MHz 
reference oscillator. Loosely couple a frequency count-
er to the collector of transistor Q104. If the frequency 
is off, install a trimmer in location CT103 and try to 
move the frequency. C178 may have to be changed 
from 56 pF to a 39 or 43 pF capacitor. Set the fre-
quency to exactly 10.24 MHz. To adjust the 10.695 
MHz offset oscillator, connect the frequency counter 
to the emitter of Q109. Since the oscillator is not buf-
fered, any appreciable capacitive loading will pull the 
oscillator frequency. W e used a 10 to 1, low capacity 
oscilloscope probe to connect the counter. Install a 
trimmer in location CT102, and change C127 to a lower 
value. Adjust the CT102 for 10.695 MHz out with the 
transmitter keyed. Next connect the frequency counter 
to the dummy load at the output. Set up the P0-P8 
PLL inputs to a known value such as 29.60 MHz and 
tune CT101 for the correct output, again with the 

transmitter keyed. If C118 must be changed, use the 
largest value that will permit CT101 to bring the 
oscillator to the desired frequency. This will make 
CT101 much less critical to adjust. 

bina'f 
value 
I'ei 
I «) 
I *) { 2> 
I I) 

jL. 
jL 
X 

y 
y^: 

JL JL 
is 

'Controlled by U3B on f ig. 1. 
Not9: Inputs PS. PS, PI. and M are tied to Ground OR * 
for a combined might ot 224. See text tor detail t. 
All dlod»s (23) are JW9J4 or equal-

y y 
y y y_y 

fig. 2. The diode encoder converts a decimal number to 
the digital data required by the CB PLL chip. 

fig. 3. Digital 100 kHz transmit offset circuit. 
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The month ly m a g a z i n e w i t h a natura l b lend ing of two 

popular hobbies — H a m Radio and Compute rs 

* Art ic les on H a m Radio & M o s t Personal C o m p u t e r s 

* H a r d w a r e & S o f t w a r e R e v i e w s 

• Var ious Computer L a n g u a g e s 

* Construct ion Art icles 

* M u c h M u c h M o r e 

"...received my moneys worth with just one 
issue..." 

—J. Trenbick 

"...always stop to read CTM, even though 
most other magazines I receive (and write for) 
only get cursory examination..." 

—Fred Blechman, K6UGT 

U.S.A $15.00 f o r i year 

M e x i c o , C a n a d a $ 2 5 . 0 0 
F o r e i g n $ 3 5 . 0 0 ( l a n d ) • $55 .00{a i r ) 
(U.S. f u n d s only) 
P e r m a n e n t (U .S . S u b s c r i p t i o n ) $ 1 0 0 . 0 0 
S a m p l e C o p y $ 3 . 5 0 

C i r c u l a t i o n M a n a g e r 

1704 S a m D r i v e 

B i r m i n g h a m . A l a b a m a 3 5 2 3 5 

Phone 205 /854-0271 
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Call Sign 
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Z i p 

State. 
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Signature 
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conc lus ion 

The scanner approach described above adds a new 
dimension to the CB-10 meter conversion by providing 
a simple yet versatile circuit. The digit offset control 
also has the capability of shifting up 100 kHz as well 
as down, in case you want to use the rig as a repeater 
— one local Amateur (Bob, W2XL) answered a call 
in the repeat mode and managed to work a station in 
Mexico. 

In addition to the communication possibilities of a 
low power 10-meter FM rig, many local Amateurs use 
the radio to monitor 10 meters for isolated band open-
ings. A dedicated rig eliminates the need to change 
frequency to check conditions; the radio is set up to 
monitor several repeaters. With the sunspot cycle on 
the decline, 10 meter openings are more sporadic, and 
when they occur, it's nice to know about them. 

The circuits covered in this article can be used as 
shown or they can be used as a starting point for other 
innovative designs. There are other ways of obtaining 
the correct frequencies using a scanner approach such 
as using a decade counter and an adder to go directly 
into the PLL, which would make it easy to add the 
repeater offset. That may be a subject for a future 
article. 
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THE 1986 
ARRL HANDBOOK 
FOR T H E RADIO AMATEUR 
G r e a t g i f t idea fo r a h a m f r i e n d or fo r y o u r s e l f ! 
The new 1986 ARRL HANDBOOK is chocklull of proiects. ideas, 
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external product detector 
improves receiver performance 

Add this circuit to 
your R390A or other 

older receivers 

This unit is a combination of an IF amplifier, high 
stability local oscillator, wide dynamic range mixer and 
a separate audio amplifier circuit for SSB and CW 
reception. A stable high-current power supply is in-
cluded so that the user needs only a speaker, a length 
of RG 58/U coax and a 120 VAC source of power. 
There is no need to re-enter the receiver past the IF 
output stage. The unit itself (fig. 1) is housed in an 
aluminum shielded cabinet. 

Assembly and testing are straightforward. The only 
special equipment needed is a digital counter to set 
the oscilloscope and a 1 MHz heterodyne oscillator to 
the required frequency. 

The construction and testing of each circuit should 
be done in the following order, completing each ele-
ment before proceeding to the next: 

• power supply 

• audio amplifier 

• VFO unit 

• mixer-audio preamp (combined on board 3) 

The power supply is a typical textbook assembly, 
with a three-terminal regulator. The bleeder R14 is 
used so that a constant load is placed on the power 
output at all times. To set the voltage, before AC is 
applied to the transformer, set R13 to the mid-point 
of the trimmer. Attach a voltmeter to the output point 
(at R14), apply 120 VAC to the primary of the trans-
former, observe the voltage at R14 and adjust trim-

mer potentiometer R13 to 12 volts. This circuit will 
need no further adjustments. 

The assembly of the audio section has several im-
portant considerations. The TDA 2002 or TDA 2003 
must have a 5-square-inch (12.7-cm2) heat sink. A 
piece of aluminum 2 inches (5 cm) per side and 2-1 /2 
inches (6.35 cm) long was used to sink the device. The 
sink can be grounded to the B minus (and cabinet), 
providing a current return path for power and an ade-
quate sink for device heat. Each module of the working 
model was assembled on a 3 x 4 inch (7.6 x 10.6 
cm) vector board, with push-pin mounting for com-
ponents and sockets for the transistors. 

Keep all leads as short as possible. The 5 PC leads 
were soldered to push pins staggered in alternate 
rows. The assembled module was speaker tested with 
an audio oscillator and an oscilloscope with satisfac-
tory results. The low-frequency cut-off was about 100 
Hz and the upper range fell off after 6 kHz. 

The local oscillator was assembled on a separate 
vector board using a standard Colpitts design. Note 
that the oscillator/mixer portions are FET devices, and 
consequently are high impedance circuits. To prevent 
loading down, the circuit testing was done with 10X 
scope (probe) leads. 

frequency adjustments 
To set the center frequency to 455 kHz, first set the 

C2 capacitor to its mid-point. Set C1, the compression 
trimmer, also to about its mid-point. Measure the oscil-
lator frequency at the output end of C7 with the 
counter set to 1 MHz range. The coil, L1, should have 
a tuned resonance of 455 kHz ± 50 kHz. Adjust the slug 
in L1 to a point well before it extends beyond the wind-

By Alan Nusbaum, W6GB, 13222 Ballad Drive, 
Sun City West, Arizona 85375 
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fig. 1. External product detector schematic. 

Parts list. 

item 

BNC 
C1 
C2 

C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
CRB1 
Cx 

F1 

description 

BNC male, chassis mounting 
20-100 pF trimmer 
5-20 pF SFL ("butterfly") variable 
U S B - I S B offset tuning 
390 pF, mica, 500 volt 
300 pF, mica, 500 volt 
500 pF, mica, 500 volt 
10 kilohm pF, ceramic, 50 volt 
100 pF, ceramic, 50 volt 
0.01 fiF, ceramic, 50 volt 
1000 pF, ceramic, 50 volt 
5000 pF, ceramic, 50 volt 
1 pF, electrolytic, 50 volt 
1 j»F, electrolytic, 50 volt 
50 nF, electrolytic,10 volt 
0.01 fiF, ceramic, 100 volt 
10 pF, 10 volt ceramic 
10 kilohm pF, ceramic, 50 volt 
TfiF, electrolytic, 25 volt 
4700 nF, electrolytic, 50 volt 
470 nF, electrolytic, 100 volt 
0.1 fiF, electrolytic, 50 volt 
1000 /iF, electrolytic, 50 volt 
0.1 (iF, electrolytic, 25 volt 
MDA970-1 Motorola 
5 nF, 25 volt if the leads from regulator 
causes oscillation as seen on an oscilloscope 
buss fuse, 1 amp, 120 V A C 

L1 J .W . Miller No. 23A474RPC 
L2 1.2 mH, Milter No. 73F123AF 
L3 1.2 mH, Miller No. 73F123AF 
Q1 2N5486 Motorola 
Q2 3N201 Motorola 
Q3 2N2222 Motorola 
R1 100 kilohm, 1/2 watt 
R2 100 ohm, 1/2 watt 
R3 100 kilohm, 1/2 watt 
R4 10 kilohm, 1/2 watt 
R5 100 ohm, 1/2 watt 
R6 1.5 kilohm, 1/2 watt 
R7 100 kilohm trimmer, 1/2 watt 
R8 91 kilohm, 1/2 watt 
R9 22 kilohm, 1/2 watt 
R10 150 ohm, 1/2 watt 
R11 3.9 kilohm, 1/2 watt 
R12 270 ohm, 1/2 watt 
R13 5 kilohm trimmer, 1/2 watt 
R14 2 kilohm W.W. , 5 watts 
R15 100 kilohm potentiometer, 1/2 watt 
R16 220 ohm, 1/2 watt 
R17 2.2 ohm, 1/2 watt 
R18 1 ohm, 1/2 watt 
S1 DPST toggle switch 
T1 115 volt primary, 17 volt, 2 ampere secondary 
T2 455 kHz Miller No. 8812 
U1 LM317K National 

Note: All resistors 5 percent 
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ings, then fine tune by adjusting C1, while keeping C2 
at its mid-range value. If leads have been kept short, 
the 455 kHz point should be found without difficulty. 
The open-air maximum drift as measured on a counter 
was less than 100 Hz at the end of 1 hour. 

The oscillator output voltage through C7 was about 
1.5 volts peak-to-peak, which is the required ampli-
tude. If the voltage is greater than 1.5 volts, reduce 
the value of C7. The loading of this output by Q2 has 
negligible effect on the amplitude of the voltage. 

A test for upper and lower sideband heterodyning 
is the most important aspect of a product detector 
circuitry. 

With C2 set at its center point, the counter should 
still register 455 kHz. Adjust C2 slowly to a lower value 
of capacitance and frequency should increase to about 
458 kHz. Move C2 to a higher capacitance (at the same 
excursion as above) and the frequency should drop 
to 452 kHz. Return the tuning to mid-point, 455 kHz. 
Turn off the power. 

Install Q2 (3N201) in the socket. Connect a stable 
signal generator set to 455 kHz to the signal input BNC 
connector. The amplitude of the signal should not ex-
ceed 100 mV peak-to-peak sine wave, unmodulated. 
Connect the scope to the output end of C11, which 
is the top of trimpot R7. Power up the circuit and sync 
the VFO with the signal generator so as to display a 
null on the scope. Swing C2 through its upper and 
lower excursions, verifying that the waveform remains 
linear through sum and difference mixing of the 
signals. The amplitude should be about 200 mV peak-
to-peak (3-dB mixer gain). Move the scope probe to 
the output side of C17. Adjust R7 trimpot for an out-
put of less than 500 mV peak-to-peak. There should 
be no distortion of the output signal. If all components 
have been wired correctly, the Pi-section filter C9, C10, 
and L3 will have removed all mixer by-products with 
just the product of the two oscillators displayed on the 
scope. Increasing the signal generator output to 250 
mV peak-to-peak should not cause distortion of the 
output signal. Be aware that the voice products of a 
product detector vary over the speech range and signal 
strengths. High signal amplitudes should not distort. 
A reduction of the R7 gain potentiometer will reduce 
large signal distortion. 

The MOSFET, Q2, can tolerate high signal levels 
without distortion, however Q3 can be overdriven. A 
distorted signal is not pleasant to listen to. 

After these tests have been completed, you're ready 
to assemble the power audio IC and hook up the 
R390A IF output connector. 

The input and interconnect cabling was done with 
RG 217/U coax. The low frequencies of the system 
could have tolerated audio cords with equal success. 

The builder can use edge card connect boards with 
matching sockets. This writer drilled holes in the vec-
tor board corners and fastened the boards with 4-40 
screws and 1/2-inch (1.27 cm) aluminum spacers. It 
all works happily together and that's what it's all about. 

modifying the R390A 
Several changes can be made to improve sensitivity, 

and noise figure of the R390A receiver. The modifica-
tions are made to the IF module,only. 

Disconnect AC power to the R390A. The rear ter-
minal board TB102 has a jumper between terminals 
3 and 4. Disconnect this jumper and ground terminal 
4 to the receiver frame. Connect a voltmeter between 
terminal 3 and ground. Carefully remove the aluminum 
shields covering T501, T502, T503, and Z503. 

Drill 3/16 (0.476 cm) holes in the top center of these 
shield cans. Be sure to de-burr afterward since the 
aluminum is soft. 

Inspect the IF transformer T501. Locate the resistors 
shunting the primary and secondary winding. Caution: 
The Litz wire connecting the inductors is very fragile 
and easily broken. The resistor values in my receiver 
were 47 kilohms but could be as low as 15 kilohms 
in other models. Clip out these resistors, and replace 
the shields and observe the AGC voltage. Switch the 
receiver on and set the function switch to AGC, note 
that the voltage measures approximately 28 volts in 
the 2 kHz selectivity position. When peaking T501, 
T502, T503, and Z503, the voltage should increase to 
34 volts (minimum) if all tubes are working properly. 
Replace the jumper on the TB102 AGC line, connect 
the Product Detector Module and you'll discover that 
you have a hot SSB receiver that rivals anything built 
today. 

using it in other receivers 
The application of the Product Detector-audio 

assembly is not limited to the type of receivers dis-
cussed in the text. If the IF frequency is other than 
455 kHz, (such as the R-388), then the local oscillator 
coil can be chosen to work with the required matching 
IF. Miller coils cover most of the wanted ranges; the 
builder can also wind a coil to the frequency of inter-
est. The old Hallicrafters receivers, as well as the 
Hammarlund, National, and RCA of WW2 vintage can 
regain their vigor, providing the first local oscillator is 
stabilized. Don't scrap the old boat anchors just be-
cause they won't copy SSB or CW like some of the 
newer radios. Add this stand-alone module and find 
out how good it was all along! 

The author has several R390A receivers in restorable condition, with the 
manuals. They are laboratory units, not military surplus. A QSL card to W6GB 
will get details. — Ed 

ham radio 
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build a handy RF probe 
Build it simple 

— or more complex, 
for increased 

sensitivity 

An RF probe is a useful instrument to have around 
the shack — if you can find one that's sufficiently 
sensitive. This article will help you build your own, 
using solid-state Germanium or silicon diodes in sim-
ple circuits to provide the necessary sensitivity. 

using diodes 
Two principles must be understood in using diodes 

of all types: threshold of operation and detection sensi-
tivity. Ideally, all diodes have a maximum sensitivity 
set by the diode equation: 

/ = Is{fexp. (qV/kT)] -1} (1) 

where I s is the saturation current, which sets the 
threshold, q is the electron charge, k is Boltzman's 
constant, and T is the absolute temperature (room 
temperature is about 290 degrees absolute), and V is 
the voltage. The expression (q /kT ) is extremely im-
portant in solid-state electronics and has a nominal 
value of 39. Its reciprocal is 0.026 volt. 

The smaller the value of Is, the larger the threshold 
voltage required with any of these devices.* With the 
germanium diode, the threshold will occur at an 
anode-to-cathode voltage in the range of 0.1 to 0.25 
volt, and with the silicon diode, 0.5 to 0.75 volt. 

In practice, an operating current level between 0.1 
and 1 mA is selected to compare various devices. In 
normal operation, the anode-to-cathode voltage at 

*The value of is a function of the numbers of the charge carriers in undoped 
or intrinsic material. In undoped germanium, there are 1131 times as many 
carriers than in silicon. This leads to at least 0.180 volt more bias for the silicon 
diode than for the germanium. 

which the chosen level of current flows controls the 
minimum sensitivity of a diode probe. 

Measuring current as a function of voltage in solid-
state diodes, one finds a two-to-one change in device 
current with approximately 0.018 volt change in ap-
plied voltage. This is the sensitivity needed (see 
appendix). 

Using a diode having a low threshold and full in-
cremental sensitivity, as it can be called can improve 
the minimum sensitivity of an RF probe to allow the 
measurement of voltages in the 100 to 500 millivolt 
range. (This is why hot-carrier diodes are important.) 
The simplest circuit for using a high-threshold-
sensitivity diode is shown in fig. 1. The input capacitor 
is selected so that its reactance (J/wC) is small com-
pared to the diode's apparent resistance, and not more 
than the source impedance of the signal source. The 
resistance value in the output circuit should be large 
compared to the diode resistance, which is approxi-
mately 0.026/1 where I is in amperes. Such an RF 
probe can be used in some receiver alignment applica-
tions as well as many routine tuning problems, and 
it can be used with a sensitive analog meter or a digital 
voltmeter. 

building a better probe 
Reducing dependence on the threshold limitation 

results in better RF probes because of high inherent 
sensitivity of solid-state devices. To take advantage 
of this sensitivity, a fixed level of operating current 
must be introduced to overcome the threshold and 
then apply a signal voltage from a low-impedance 
source to achieve the current sensitivity solid-state 
devices are theoretically capable of delivering. 

Possibly the easiest way to avoid the threshold prob-
lem is to use a transistor so that we can sense the cur-
rent changes more easily. A circuit using the LM 334 
controlled-current source is shown in fig. 2. An isola-
tion resistance that reduces the voltage drop across 
the LM 334 to perhaps a volt and a half will separate 
the DC and RF circuits. 

By Keats A. Pullen, Jr., W3QOM, 2807 
Jerusalem Road, Kingsville, Maryland 21087 
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John J Meshna Jr., Inc. 
P. O. Box62 19AllertonSt. £ Lynn, Ma. 01904 Tel: (617) 5952275 

COMPUTER TERMINAL BUILDING BLOCK $50.00 

COMPLETE SET-UP AS SHOWN 
triple o u t p u t supply. 

Green phosphor CRT 

This is a great beginning for a computer Lerminal. It is a brand new, Panasonic, 9 " 
TTL input moni tor complete with its own self-contained, switching power supply, 
and a removeable (four screws) triple output power supply. The whole assembly 
runs on 115/230 V, 50 /60 Hz. Now for some specifics: 9 " green phosphor, T T L 
input monitor , attached regulated 12VDC, 1 .5 A power supply used exclusively to 
run the moni tor and an attached triple output switching power supply with outputs 
of 5 VDC f- 3.5 A, +12 V D C # 500 ma, a m i - 1 2 VDC <« 500 ma. The assembly has 
mounting feet and should be a snap to make a case for. Comes with hook up data. 
New, factory boxed. We are offering this to you 4 ways: 

+5, +12, - 1 2 V D C Supply 

12VDC Supply 

including monitor , low voltage supply and 
SPL-116-38, I'1 Lbs., S50.00, 5 /S225.00 

• TRIPLE OUTPUT SUPPLY ONLY, SPL-117-38 , 3 Lbs. SI 5.00 
» 9 " MONITOR ONLY, (you supply low voltage input) SPL-114 -38 , 10 Lbs. S25.00 

9 " MONITOR W/LOW VOLT AGE.SUPPLY ONLY, SPL-115-38, 12 Lbs. $40.00 
Monitor Chassis 
w/Display Board 

We are now selling guaranteed working, starlight scopes which 
allow sight in almost total darkness. They are so named because 
they incorporate a light amplification tube which uses the available 
star or moon light to allow you to see - without being seen. The 
scope has a spectral response of 4 ,500 to 8 ,000 angstroms, 
resolution of 50 lines/mm, viewing area of 25mm, standard 
50mm F 1.4 lens, optional telephoto 135mm F2.8 lens, cross hair 
reticle and optional carrying case. A great tool for security and 
naturalist applications. Runs on 9 V D C transistor radio battery. 
Due to the nature of this device and people only having a one time 
use for it, we cannot accept returns for refund, credit or exchange 
on this item. To our knowledge, this is the least expensive stariight 
scope on the market. Includes 90 day warranty. 
S T A R L I G H T SCOPE SPL-130A-39 51 ,200 .00 
Optional Triephoto Lens, 135mm F2.8 SPL-131A-39 $85 .00 
Optional Fitted Carrying Case SPL 132A-39 $65 .00 

ATTENTION: 
SECURITY PERSONNEL 
NATURALISTS 
HOBBYISTS 

NEW SEE-IN-THE-DARK EQUIPMENT! 

1/2 Height 1 MEGabyte Disc Drives 
Here we go with another blockbuster buy on disc drives which should 
make the compet ion 's head spin! We are offering brand new, Mitsubishi 
no. 4853, 1 /2 height, 1 megabyte, mini floppy disc drives. These drives 
are beautiful. They are fully Shugart 3 4 pin compatible. All are double 
side, double density, 80 tracks per side units. Each runs on +5 vdc, .5 A 
and -H2vdc , .7 A. Just the drives to use with your IBjVl, Sanyo or other 
computer . Each order will come with schematics and pin out data. 
SPL-8 5C-35 $1 75.00 eai'.h SI 75.00 each, 2 /S32 5 .00 , 5 /$72 5.00 • HEATH 
New, 75 watt power supply. +5vdc 5.5amps, +12vdc 4amps, -12vdc .3amps • X E R O X 
115/230 input Made by Gl , fully enclosed, with schematic. « S A N Y O 

Shpg. w t 4 lb. PS-10 $50 .00 

Use wit.'i 
* IBM 
• RADIO SHACK 

HIGH POWER SURVEILLANCE IR SCOPE This Infra-Red scope was designed specifically for long range surveillam 
use. The built-in, totally invisible, 50 watt halogen lamp IR source is 
coupled with a premium grade type 6032 image converter lube, 265 mi 
I'l .2 lens, and 1 6 power military spec., color corrected eyepiece make 
this an ideal unit for viewing of clandestine activities or animals. The 
scope is capable of detection at more than 300 feel, recognition at 
300 feel and positive facial identification at 150 feet. It runs on 
1 2 VDC which makes it ideal for mobile use. It conies with a remove-
able hand grip which allows for tripod mounting, 2 power cords for 
cigarette lighter or battery terminals, instructions and a 90 day 
warranty. Listed below arc accessories which make this a very 
versatile instrument. The scope and accessories are new and guaran-
teed functional. Net wt. 5-1/4 Lbs. 
IR Scope part no. ELD Shpg. Wt. 7 Lbs. $735.00 ea. 

ACCESSORIES: 
12 VDC G E L L B A T T E R Y for above. Shpg. Wt. 6 Lbs. S35.00 

B IOCULAR EYEPIECE which can be used in place of the standard 
eyepiece. This allows the scene being produced by the IR viewer 
to be seen by the operator up to 4 f t . away. 2 Lbs. S89.95 

M A L E " T " f1.6 CAMERA DAPTER f o r S L R c a m e r a 
Shpg. Wt. 1 Lb. S129.00 

M A L E " C " to F E M A L E " T " A D A P T E R for CCTV, requires use 
of above male " T " f 1.6 adapter. Shpg. Wt. 1 Lb. S29.95 

Free 72 page catalogue available or send $1 .00 for 1st Phone (617) 595-2275 to place your order by phone, 
class service to P. 0 . Box 62 E. Lynn, Ma. 01904. MC, V ISA, or American Express charge cards accepted. 

116 GB November 1985 ^ 174 



e
 » 

J 
0-0 

RF 

I 
01 

— M — 

lOJk 

DC 

/7 
fig. 1. Simple p 
if needed. 

robe. Note: resistor across RF terminals 

A simple review of the principles underlying detec-
tion is included in the appendix. 

The circuit shown in fig. 2 works as predicted, but 
it still is not optimum because very small current 
changes must be observed if sensitivity is to be op-
timized. For this, a reference voltage follower can be 
used, (fig. 3), resulting in a voltage-sensitive bridge. 
Full-scale indication on the output meter with output 
changes of 100 millivolts (the full-scale reading of the 
meter) can be achieved easily. This may correspond 
to as little as 30 mV of RF signal. The scale will not 
be linear, but will approach a square-law function. 

Using the meter directly between the collector cir-
cuit of the detecting transistor and the voltage refer-
ence will also reduce the sensitivity of the detector. 
Two circuits that can do this, both reducing the cur-
rent load on the detector output, are shown in fig. 4. 

The basic problems are now solved. To minimize 
the loading the detector places on the source, a situa-
tion that is particularly important if the RF source has 
high-impedance characteristics, VMOS transistors 
such as the VN10KM can be used as an amplifier. 
These transistors are better used as wideband ampli-
fiers, with the output taken in the drain circuit. A small 
amount of degeneration through the use of a source 
resistance is acceptable, although it does reduce the 
amplification. In no case should the amplification ex-
ceed ten, and it may be as small as 1.0 to 1.5. A possi-
ble circuit is in fig. 5. 

If greater sensitivity is required, a pair of high-
frequency bipolar transistors can be used in a cascode 
arrangement after the VMOS transistor and before the 
input of the detection transistor to get an additional 
XIO voltage gain. A useful circuit for this is shown in 
f ig. 6. This circuit should also be broadband. The out-
put load resistance required will be approximately 
260/ic, with collector current, ic, measured in 
milliamperes. The resulting unit will have a voltage gain 
of roughly 10, and can be built quite easily. It will ex-
tend the minimum sensitivity down to about the 
millivolt level. These amplifiers limit with input signals 
over about 10 millivolts, and will also rectify, distor-
ting the input signal. 

lOOlF CJ 
W -
660 

—vVv 

fig. 2. Sensitive probe using an LM334 controlled-current 
source. 

k 

VA 1 

•i 

680 

D 

fig. 3. Two circuits that can be used to Improve the sensi-
tivity of the detector. 

other applications 
The buffered RF probe has a variety of applications 

of interest to Amateurs beyond its use in circuit 
testing. I have built one into a homebrewed Q meter, 
for example, and also into a low-frequency dip meter. 
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fig. 4. Circuit for a reference voltage follower to obtain 
a voltage-sensitive bridge. 

< 
fig. 5. High-impedance preamplifier. Gain should not 
exceed 10 and may be as low as 1.0 to 1.5. 

The buffer FET can be the VN10KM mentioned above. 
(I have described an instrument for testing FETs in 
Design of Transistor Circuits, with Experiments.'' 

The field-intensity meter uses the cascode amplifier 
operating into the transistor metering circuit. I did not 
use the FET here because I assumed that the dipole 
antenna, consisting of two collapsible TV antennas, 
would have essentially a low-impedance output. (A 
suitable loop may be used instead, however.) The unit 
seems to work quite well. 

The low-frequency dip meter must use variable-
inductance tuning because a variable capacitor of ap-
propriate size for this application would be much too 
large, and smaller ones would have too high reactance. 
The basic oscillator circuit I used is based on an 
emitter-coupled amplifier with a variable LM 334 cur-
rent source for the base drive on both transistors, 
fig. 7. The oscillation level is set with a potentiometer 
across the LM 334 control points, and magnetic 
coupling is used to test a circuit. I have arranged the 
assembly so that I can plug in a variety of slug-tuned 
coils; the coils have slugs on threaded rods with a short 
piece of piano wire soldered in the screw slot. The 
drive consists of a piece of quarter-inch brass rod 
drilled and slotted to engage the wire. The frequency 
change is slow and smooth. 

I can also tap off RF output from the FET buffer for 
frequency counting or use as a signal source. This unit 
easily fills the gap between audio and 2 MHz, the lower 
limit on most dip meters. The actual circuit is a com-
bination of figs. 3, 4, and 7. 

The Q meter used the same metering circuit as the 
dip meter for measuring RF. The RF source I use is 
a conventional inexpensive signal generator, except 
that I have tapped in on it prior to its normal output 
stage. These deliberately generate distorted wave-
forms to create harmonics in the output. You may 
wish to put an FET buffer between the oscillator and 
the special output to ensure better frequency stabili-
ty. A suitable circuit for this is shown in fig. 8. About 
10 millivolts of RF are needed by the Q meter input 
circuit. 

fig. 6. Cascode preamplifier with a voltage gain of about 
10. Sensitivity is at the millivolt level. 

The RF drive transistor that provides the RF signal 
to the measurement circuit should be a high-frequency 
bipolar transistor, and should provide a voltage gain 
of approximately 10 overall. (Only a hundredth of this 
is actually applied to the tuned circuit, 100 microvolts.) 
The full output is used to calibrate the circuit, and the 
part to control the tuned circuit. One is then matched 
against the other, based on oscilloscope calibration. 
A possible circuit is shown in fig. 9. Minimum Q sen-
sitivity will be about 20. About 25 mA of collector cur-
rent will be needed by the 2N2222 or 2N2369 to pro-
vide the required signal voltage. A Q test circuit is 
shown in fig. 10. 

calibration 
This calibration technique, done with an oscillo-

scope, can be used wherever minimum or maximum 
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SET R, FOR 5V 

ACROSS Rl 

0.00! 

ADJUST LEVEL 

3E ^ 

fig. 7. Oscillator for low-frequency dip meter. 

SET ffg FOR ZV 

ACROSS R, Rl '100 

fig. 8. Buffer stage to ensure better frequency stability 
for Q meter use. 

SET Rb FOR -I V 

CALIB. TO GND 

OJ I 

snzzzza 

OR 2N2369 

fig. 9. Q driver has a minimum sensitivity of about 20. 

deflection is insufficient to assure proper circuit opera-
tion, but an actual voltage value is required. The oscil-
loscope can be calibrated with a reference voltmeter 

and an AC signal. RMS calibration should be used. 
The low-frequency calibration is used, with the help 
of the oscilloscope, to calibrate sinusoidal signal well 
within the upper limit of the oscilloscope (1 /2 to 1 MHz 
for a 5 MHz unit). This calibration then is transferred 
to the Q meter measuring circuit. The source calibra-
tion voltage for setting the Q meter reference input 
may be adjusted for 20, 50, and 100 millivolts for the 
reference excitation. This will make possible measure-
ments of Q to 100,200, and 500. In addition, the meter 
is calibrated for a series of input signals ranging from 
about 10 mV to 100 mV, at least every 10 mV, to pro-
vide the actual Q measurement. A special scale may 
be made for the meter if desired. Since the Q is pro-
portional to the RF voltage generated, calibration is 
important. 

concluding remarks 
These simple probe circuits can easily be built into 

transmitters, and receivers in which critical tuning is 
required as well as into other useful test instruments. 
In all cases, it is important to minimize probe loading 
on the circuit being tested without simultaneously 
degrading sensitivity. The VMOS circuits are ideal for 
this purpose, and they do not limit as readily as bipolar 
transistors. Where either germanium or silicon diodes 
can provide adequate sensitivity, they, of course, are 
the component of choice, but they do have the exces-
sive threshold voltage requirement that the current-
stabilized transistor circuits can help overcome. 

RF measurements have always been a stumbling 
block in the typical Amateur station, including mine. 
I can remember building a nice wavemeter that I was 
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fig. 10. Q test circuit using an RF voltmeter. High-
impedance input is used. 

„ unable to calibrate. T h e described circuit techniques 
are a result of years of trying to solve similar problems 
inexpensively. Perhaps these ideas can help rekindle 
the exper imenta l spark in other A m a t e u r s , and help 
reverse the trend a w a y f rom homebrewed equipment . 
You don't have to be a mathematician or physicist to 
contribute to progress! 

reference 
1. Keats A . Putlen, J r . , Design ot Transistur Citcuits, with Experiments, 
Howard W Sams. Inc. , Indianapolis. Indiana, 

appendix 
Rectification Is a change in the effective resistance (of conduc-

tance) of a diode as a function of its applied voltage. This difference 
causes distortion, and it is the distortion of the current-voltage rela-
tionship that converts an AC signal into some level of change of 
average current and average voltage. 

Strictly speaking, the relationship between the current and the 
voltage in a diode is nonlinear, or exponential. But for small voltages, 
it "looks" like a square-law device. The basic relationship can be 
slated in terms of the equation: 

i = / „ exp (qV/kT) = t „ / / + qV/kT + (qV/kTp,2 ! - . . . / 

( A l l 

When V is set equal to V„ sin (2wft), the relationship becomes, if 
a = (if/kT). 

i = / „ j / t aV„sin2nft i faH',,- sin-' (2nft)/ <2 I . . . } ( A 2 I 

The third term in the brackets on the right converts to the form: 

faiV„-/4) l l • cos Jirft) 

and the DC term now is ll + a~V„l/4). The term «-,l',V74 represents 
the DC shift due to detection, and the current peaks in the two direc-
tions are: 

tod + i (A3) 

The capaci tor- inpul detector has a peak shift f rom 
(1 f aV„ > alV„-'/2 x l „ t o ( l - u\'„ + a-JV„-y/2) x / „ . W e f i l te r 
out the l>, sin 2 a ft and the cos 4*ft terms with the RC circuit. With 
the peak detector, the current change is !„ fa'l'„'/2j; this is what 
we wish to read. 

From the above relationships, it is possible to show that with the 
normal diode detector, a current change of 2:1 can be obtained with 
18 millivolts peak-to-peak signal on a diode, and a DC shift between 
8 and 16 percent may be generated, depending on whether square-
law or peak detection is selected. The signal distortion is roughly 
8 percent. 

ham radio 

/-.I D PACKET RADIO 
V ILB CONTROLLER 
Now you can get in on the fun in packet radio! 

SPECIAL PACKAGE DEAL!! ! 
Amateurs Only 

Includos PK1 Installed In 
cabinet w/cable set S pwr, supply 

$ 2 0 9 0 5 
<il purchased separately S?1? 85) 

•AMdrloefWJk /̂MJimHMiK) MODEL PK1 
' Oparalia with Vole* Tranicahwrt — 
* Eaty to laarn, *aiy la optrat*. 
' Bulll In Pick*) Mod»m and CW ifentitieiiMn 
' Um with a compuUf. ttrmlnil or Itliiype 
Mictilna. 

* formfnil: ASCH at BAUDOT, 4& lo MOO Stud. 
' Radio Link SpHtft of 300, tOQ of 1200 Baud 
' AutomtiteJlty uiftcti AX.25 or VAOC-1, 
' Rtmota RipMltr Command Isckoui. 
• Full S-dtalp««t*r oparatlon in AJL2S 
* Ow 90 CommarKt* 
* Siom raeairad mamgai lor 6alay*<j racing 
* ANa lo display olbtr calii irhlli connaclad, 
* "Block' and "nampiranl" moda» for dala ftlai. 
* Oparaiti as an unallvndMl dlglpaattf 
* -Macon" mode. 
' Serials arailabla lor Talalyp* Motor Conliol 
* Standard memory it 4K, eipindebla lo UK. 
' 48K RAM aiallabla on special order. 
* Can ba cuitomUed tor LAN'a. 
' Squelch inoul for thirina of nice cMnnilL 
' Call ilQn, $SI0 k VADCI programmed in ROM. 

Oimanilofti: 2.3 X It X J (inchtil 
Power Riqulrement: 1} votli DC al 200 ma 

PK1 • FCC CERTIFIED • wired and tested in cabinet $209.95 
AMATEUR PRICE $189.95 

PK1S - Subassembly board - wired and tested $164.95 
AMATEUR PRICE $149.95 

PKDOC • Documentation only • Refundable on first PK1 
purchase $ 9.95 

Please specify Call Sign, SSI0 Number, and Node Number when ordering 
Contact GLB for additional info and available options. 

We otter a complete line of transmitters and receivers strips, preselector 
preamps, CWID'ers & synthesizers for amateur & commercial use. 

Request our FREE catalog. MC £ Visa welcome. f 176 

GLB ELECTRONICS,INC. 
151 Commerce Pkwy., Buffalo, NY 14224 

716-67S-6740 9 to 4 

coaxial R. F. 
antenna switches 

# C S - 3 G 

# C S 2-2 - .V" 

#CS-6G 

V 

Heavy Duty switch for true 
A Kw POWER - 2 Kw P.EP. 

Single Pole, 3 Position 
Desk or wall mount 
All unused positions grounded 

»€$-.«- Ml If ccmnoclas / $27.25* 
«CS;Ki-tiNC UNI. cormeeKm/ $36.50" 

2 Pole, 2 Position, bypasses. 
Ilnears. reflectometers. antenna 
tuners, etc 

• CV-;' tHI'conrKCtots / $34.25* 

Single Pole, 5 Position, all unused 
positions grounded 

"CS'&fc. UMI M, i r, $32.00* 
BNCetxinecloa/ $46.50* 

' Shipping and handl ing for any 
item a d d S2 each 

AIL OUR PRODUCTS MADE IN USA 

BARKER ft WILLIAMSON 
Quality Communication Products Since 1932 
At your Distributors write or call 
10 Canal Street. Bristol PA 19007 • • • • 
( 2 1 5 ) 7 8 8 - 5 5 8 1 ^ ^ 
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product 

REVIEWS 
Butternut HF-2V vertical 
antenna 

About seven years ago. Butternut burst on the 
scene with one of the first "new" antenna ideas 
for the Amateur market. Their HF-5V was a five-
band, no-trap antenna that covered 80-10 
meters. I was one of the first to get one for 
review and was very much impressed with its 
performance. In head-to-head competition with 
comparable antennas, the Butternut always was 
at least one S-unit stronger during on-the-air 
tests. Owners of Butternut's current model, the 
HF-6V, have told me that it does equally well. 

Recognizing that the six-band HF-6V was a 
little short for 80 and 40 meters and the fact that 
the high bands are going to be at best marginal 
for the next few years, Butternut modified their 
basic antenna design to optimize performance 
on 80 and 40 meters. The net result is the HF-2V 
antenna. The HF-2V incorporates all of the 
design features of the HF-6V — stainless steel 
hardware, T-6061 aluminium tubing, for strength 
and a double-walled base section for even more 
structural integrity and no traps. 

the antenna 
As with any antenna project, the first task was 

to read the instruction manual from cover to 
cover and take a full inventory of all the parts 
and hardware. All you need to assemble the an-
tenna is a blade screwdriver, pliers, and a knife. 
A set of nut drivers would also be handy. 

Assembly is straightforward and should only 
take an hour or so to accomplish. Identification 
of parts and hardware is easy if you use the 
schematic diagram that comes with the unit. The 
antenna is constructed of telescoping aluminum 
with sections held together with stainless nuts 
and bolts. 

The antenna is loaded four feet from the base 
with an L/C combination made of very heavy 
duty aluminum wire and high voltage transmit-
ting mica caps. Since the antenna is almost a 
full quarter wave on 40, very little of the 40-meter 
coil is used to tune the antenna. Should there 
be too much inductance for 40, a shorting strap 
is provided. The antenna is impedance matched 
at the base with an adjustable coil. 

about radials 
A lot of fuss is made about radials for vertical 

antennas and rightfully so. Many of those who 
install verticals constantly complain that the per-
formance is less than was expected. In a major-

ity of the cases, the prime reason is that there 
were either no radials or an insignificant number 
of radials under the antenna. In Butternut's opin-
ion, it's best to assume that the earth you're 
working over is poor and that you'll need to 
engineer an artificial ground of your own. Radials 
can be either buried or laid atop the ground, 
whichever is easier. In general, it's better to in-
stall more short radials above ground than to lay 
just a few long ones. 16 50-foot radials will work 
rather well in most installations. The idea! radial 
system would include 120 resonant radials, 1 /4 
wave on each band. Needless to say, that is 
beyond the capabilities of most of us. 

checkout and adjustment 
Tune-up is simply a matter of adjusting the 

two loading coils for minimum S W R and adjust-
ing the base impedance matching coil to cor-
rectly match the coax. As mentioned before, be-
cause the antenna is almost a full 1/4 wave on 
40, very little inductance is needed to tune the 
antenna. To set up and tune it, you need to first 
short out a full seven turns of the 40 meter coil. 

Now it's simply a matter of tuning the antenna 
for the lowest S W R on first 80 and then 40 
meters. The next procedure is to attach the base 
step-up transformer and match the feedline to 
the antenna. This is a little trickier than it sounds, 
and took me more than a few minutes to accom-
plish. In order to get a proper match, you either 
expand or compress the coil to increase or de-
crease the inductance needed to get a proper 
match. I found that no matter how much I 
changed the coil, I couldn't get a proper match. 
Sometimes drastic measures are necessary; I 
used one here, reasoning that no matter how 
much I expanded the coil, I still had too much 
inductance to match the antenna. So I cut the 
coil in half, reattached it, and again applied 
power. The result was that the antenna was 
nearly matched and required only one minor 
change to complete tune up. 

optional accessories and top 
loading 

Butternut offers a number of accessories you 
can use to tailor the HF-2V to your own personal 
needs. A s most low band operators will know, 
top loading antennas is a very practical way to 
make short antennas perform better. The top 
loading kit gives you four 25-foot stranded "um-
brella" wires and insulators. The "umbrella" is 
designed to improve the overall antenna perfor-
mance on 80 meters (and 160 with optional TBR-
160 160-meter base loading kit). It will also im-
prove the bandwidth of the antenna to over 100 
kHz on 80 and approximately 35 kHz on 160 
meters. Butternut also has a 30 and 20-meter 
resonator kit that can be added to the antenna. 
Unfortunately, you can only add one or the 
other, but not both. 

operation 
I've had this antenna up now for several 

months and have used it on both 80 and 75 as 

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2-30 MHz 12V C =28V) 
P/N Rating Each Match Pr 

MRF406 20W $14.50 $32.00 
MRF412./A SOW 18.00 45.00 
MRF421 100W 25.00 56.00 
MRF421C 110W — 80.00 
MRF422* 150W 38.00 82.00 
MRF426./A" 25W 18.00 42.00 
MRF428* * 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
M R F 4 3 5 ' 1S0W 42.00 90.00 
MRF449,/A SOW 12.50 30.00 
MRF450./A SOW 14.00 31.00 
MRF453./A SOW 15.00 35.00 
MRF454./A s o w 18.00 38.00 
MRF4S5./A s o w 12.00 28.00 
MRF458 s o w 20.00 48.00 
MRF460 sow 18.00 42.00 
MRF464* sow 25.00 80.00 
MRF466* 40W 18.75 48.00 
MRF47S 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 1SW 10.00 23.00 
MRF485* 15W 8.00 15.00 
MRF492 90W 18.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3662 110W 28.00 80.00 
SRF3775 75W 15.50 34.00 
SRF3795 85W 18.50 37.00 
C02545 SOW 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 SOW 15.00 38.00 

Rating MHz Net Ea. Match Pr 
MRF212 10W 138-174 $16.00 — 

MRF221 15W 138-174 10.00 — 

MRF222 25W 138-174 14.00 — 

MRF224 40W 138-174 13.50 32.00 
MRF231 3.5W 66-88 10.00 — 

MRF234 25W 66-88 15.00 39.00 
MRF237 4W 136-174 3.00 _ 
MRF238 SOW 136-174 12.00 
MRF239 30W 138-174 15.00 — 

MRF240 40W 136-174 18.00 _ 
M.1F245 SOW 138-174 28.00 65.00 
MRF247 75W 138-174 27.00 63.00 
MRF250 SOW 27-174 20.00 46.00 
MRF260 5W 136-174 7.00 _ 
MRF261 10W 136-174 9.00 — 

MRF282 15W 138-174 9.00 _ 
MRF264 SOW 136-174 13.00 _ 
MRF607 1.75W 138-174 3.00 _ 
MRF641 15W 407-512 22.00 _ 
MRF844 25W 407-512 24.00 54.00 
MRF646 40W 407-512 26.50 59.00 
MRF648 SOW 407-512 33.00 69.00 
2H3886* 1W 30-200 1.25 _ 
2N4427 1W 136-174 1.25 — 

2N5591 25W 138-174 13.50 34.00 
2N5642* 20W 30-200 13.75 34.50 
2N5945 4W 407-512 10.00 _ 
2N5948 10W 407-512 12.00 
2N60S0 4W 136-174 6.25 — 

2NS081 15W 136-174 7.50 — 

2NS082 25W 136-174 8.90 — 

2N8083 30W 138-174 9.30 24.00 
2N8084 40W 138-174 

TMOS FET 
11.75 28.50 

MRF134 " 5W 2-200 $10.50 — 

MRF137* 30W 2-200 22.50 — 

MRF138 * * 30W 1.5-150 35.00 — 

M R F 1 5 0 " 150W 1.5-150 80.00 _ 
MRF172 * 80 2-200 65.00 — 

Selected, matched finals for Kenwood, Yaesu, 
Icom, Atlas, etc. Technical assistance and cross-
reference information on CD, PT, RF, SRF, SD P/Ns. 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D./VISA/MC 

INFORMATION AND CALIF. ORDERS: (619) 74*0728 
OUTSIDE CALIF. ORDER DESK: 60W54-1927 

!m# 
RF PARTS 

1 3 2 0 - 1 6 G r a n d Ave., S a n M a r c o s 

California 92069 [619) 744-0728 
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ANTENNA SALE 
HYGAIN TOWERS 
HG37SS 
HG52SS 
HG54HD 
HG70HD 

C 
A 
L 
L 

CUSHCRAFT 
A 1 205 0!) 
A4 275 00 
A3 255.00 
40-CD2 275.00 
AV5 96 00 

<32-19 89 00 
215WB 75 00 
ARX2B 35 00 
A144-11 46 00 
A144-20T 69 00 
424 B 75.00 
AOP-1 137 00 

KLM 
KT34A 329 00 
KT34XA 475 00 
432-201BX 64 00 
432-30LBX 90.00 
435-18C 109.00 
435-40C 149.00 
2M-13LBA 77 00 
2M-14C 85 00 
2M-16LBX 89.00 
2M-22C 115 00 

HYGAIN 
TH3JR 
TH7 
U M C 
14AVQ A 
18AVT L 
V? L 
V3 
V4 

HUSTLER 
25% OFF AIL MOBILE 
6BTV 125 00 

AEA 
144SR 42 00 

BUTTERNUT 
HF6V 110 00 
HF2V 110 00 

RG213U $ 26/ foo l 

ROTATORS 
CD45 139.00 
HAM IV 228.00 
T2X 275.00 
AVANTI 2M 29.95 
Hl-O BALUN 9.95 

KENPRO 
KR400 119.00 
KR500 149.00 
KR600 199 00 
KR5400 249,00 

well as on 40 meters arid have been quite im-
pressed with its performance. On 80 the anten-
na has performed as well as my 1 /4-wave sloper. 
and actually outperformed it in certain directions 
and conditions. When Ron Wright was on 
Tonga, A35EA, I was able to work him through 
a fair-sized pileup without too much difficulty. 
Not being a fan of 40 meters, my operating ex-
perience there is admittedly spotty. But this 
antenna has performed very well and I've been 
able to work just about everyone I called. 

The Butternut HF-2V is the perfect antenna 
for those who want good low band performance 
without investing a lot of time and money instal-
ling a larger antenna. It's performance is com-
parable with a number of other antennas, and 
HF-2V owners will get years of excellent results 
with this antenna. 

It's interesting to note that the recent DX'pedi-
tion by the Texas DX Society took a Butternut 
HF-2V to the island of Desescheo. Used with the 
optional TBR-160, it accounted for thousands of 
contacts on 80 and 160. The expedition members 
have reported that the antenna was a breeze to 
set up and performed flawlessly, I remember that 
during that operation, night after night, they 
came pounding through with perfectly Q-5 
signals on 160. 

specifications 
weight 131 pounds/5.9kg 
height 32 feet/9.75 meters 
leedpoint impedance 50 ohms 
VSWR at resonance 1.5/1 over a suitable 

ground 
VSWR < 2 / 1 65 kHz on 80, full band 

on 40 
power rating 2 kW PEP/1 kW CW 

I less with TBR-160) 
wind no ice 80 MPH/125 kph when 

properly guyed 

- d e N1ACH 

MFJ-204 antenna br idge 
The MFJ-204 Antenna Bridge is designed to 

do three basic tasks: measure antenna impe 
dance, measure tesonanl frequency, and to tune 
antenna tuners "off the air." It's a handy piece 
of test equipment that every ham should have. 
There are several reasons that an antenna bridge 
is a much more versatile tool than its cousin the 
noise bridge. The noise bridge is basically a wide-
band oscillator that can be used to roughly deter-
mine resonant frequency or impedance of an 
antenna. I say "roughly" because the wideband 
oscillator is difficult to use, is imprecise and can 
sometimes give misleading results. The antenna 
bridge, on the other hand, has a tunable oscil-
lator that can be set to the precise frequency you 
want to work on. The MFJ 204 covers 1.6-2.5. 
3-4, 7-11, and 13 30 MHz so you get full cover-
age of all HF Amateur Radio bands. 

To measure antenna impedance, the first thing 
you do is set the oscillator to the frequency you 
want to work on. This is done by loosely coup-

ling the antenna bridge to your receiver and lis-
tening for the beat note. You then connect the 
antenna bridge to the antenna to be measured 
and adjust the resistance control for a dip on the 
antenna bridge's meter. Once you get this dip. 
you flip the bridge over and read me resistance 
from the factory-calibrated chart on the back of 
the unit. On my 160 vertical antenna, I measured 
an impedance of 35 ohms, just about where it 
should be. 

Using the antenna bridge to both measure res-
onant frequency and tune an antenna tuner is 
pretty much the same process. When used with 
an antenna tuner, the antenna bridge eliminates 
one of the most annoying aspects of the hobby 
- the ubiquitous and infamous "tuner-upper." 

The MFJ 204 measures 2-1/2 * 2 x 7 inches 
and weighs just about a pound. It will run off 
a 9-volt battery or an optional 110-volt AC power 
supply. It's covered by the standard MFJ 12-
month warranty and should give many years of 
good, reliable service, 

I've since used the antenna bridge on several 
antenna projects and have enjoyed its utility. As 
long as I can keep the review unit, I think I'll let 
the noise bridge gather dust. 

N1ACH 

[NEW! 
products 

c o m p u t e r inter face 
The Computer Patch Model CP-100 Interface 

is a complete terminal unit for Morse, Baudot, 
ASCII, and AMTOR. It will interface a computer 
running communications software via TTL levels 
(RS-232 optionall to your radio. With the op-
tional current loop provisions, the CP-100 can 
be used with a mechanical teleprinter also. The 
tuning indicator is a ten-segment bargraph fea-
turing discriminator-type operation which graph-
ically shows selective-fading and is ideal for 
AMTOR use (tuning 'scope outputs are also 

available). The CP-100 also features a front panel -
squelch control which inhibits data to the com-
puter when no signal is present (thus preventing 
print when receiving noise). Front panel selec-

102 NW BUSINESS PARK LANE 
KANSAS CITY, MISSOURI 64150 

816-741-8118 

CALL TOLL FREE 
1 - 8 0 0 - 8 2 1 - 7 3 2 3 

IMStFJC.anO .'IS A SCOO' WELCOME 
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W WORLD WIDE AMATEUR RADIO SINCE 1 9 5 0 

Your on* source tor all Radio Equipment! 

For the best buys in town call 
212-925-7000 

Los Precios Mas Bajos en 
Nuevn York 

1 
I Gobblo Up Our Thanksgiving Savings 

ICOM Day at Bany's-November 23rd 

KENWOOD W " -

n«oo. n moo, h.too. i s two s i at 
TS •!:«S,m.3«X»A.. Tn 73&0. 
TW-WOOA Konwood £»<xvi«<Re|>; 
TH2tatM1At. TM2J1.V 
•11IA & TS-/UAA5I1A " 
C0MPUTIRE EXIIHDUI5HER5 

LCL MWCnny.'AllIOR tEAUINAt 

» - KITTY SAYS: WE ARE NOW OPEN 7 DAYS A WEEK. 
J Saturday & Sunday 10 to 5 P.M. 
~ Mond«, rndrty 3 »o C 30 PM Th»ra. toOPM 

•4 " Come lo Oany's lot the b«&l boys m town. 
ONVSnloly 

Mlsin slock a i c o m 
- fittA, 'M 7.15, 27A!H, i?A R 7000. 

I27A, 271A/H, 3200A, 47IAJM,?:t5 

n H i s m 
FT ONE. FTW. p1-/5K5X.FBa«8fl0 

rWMR. FUG «KI, FT-?7(1FIM, i ' .•/(N)fH' 

VoComfMSmgelOaiwA 
Tokyo Hy-Powm 
Ampliliora & 
S)») HI C.HII 
Anl.uin.15 IN SIOCK 

SMART PATCH 

at 11.1AM 'PHONCS S7OCKE0 
WELZ 

FLUKE 77 Mullimotor 

Xr 

l.iir;;.' mv.inKify (5t 
.! WiH: f. 

AMERITHON AMPLIFIER AUTHORISED 0EALER 
Y.1O5UF1R-2410. Wilton 
ICOM ICRP 3010 (440 MHll 
ICOM IC RP 121011.2 GHJI 

< a > V ® 
Nye MBV-A 3 Kilowatt Tunnr 

ALA 144 Mhi 
AEA 220 MHi 
AEA 440 Mh* 
ANTIiNNAS 

\ , ^ SoldoifriQ 
St»lton. 

48 Walts. SOU 
| MlCROLOG AIR I Atr Di:; 

SWt.MiMsa Coach 
KANTRONlCS 

fclMAC 

b/2B. ftJSfcC 
12BY7A & 
4 4(J0A 
BIRD 

allmnleis h 
i:K>inr>nlf. • -
In Stock 

Computer InletInces 
slocked; MFJ-1224 
AEA CP-t.PKT-1. OR,OX 
CP-100. PK-64, Of. QSO, 
Morso UniwriHilv 

BENCHER PADDLES, 
BALUNS. AUDIO FILTERS. 

IN STOCK 
MII1AGE AMPLIFIERS 

AS1HON POWER SUPPLIES 
AllncolFnlcon Amps 

Nov. TEN I EC 
25BIHT. Coisnil II. Argosy II. Ccnluiy 22 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. N Y 10012. 

Maul Vnrfc n t u ' . LARGEST STOCKING HAM DEALER ' » ' » « COMPLETE REPAIR LAB ON PREMISES 
"Aqui S® Hablfi Espanol" 
BAWY iNffrHNATlONAt TElE* 
Mfc'HCHANUISE TAKEN ON CONStGNMENt 
t o n TOP PRICES 

.HtnOSii/rn OlST»» MO. A? [))MI>. F(1H 
.HO.JtWAvL AN '• i UU'Wi K wflCS-lVU-fli 

IRt'LEX "Spting SI Slation 
Subways BMT PnnceSl Smiton 

IN0 'f Jum Ony .'iuiton ^ 
Bus Broadway «G to Spring St 

»»*tr»---»rh5t us)**.* $i»t.m. 

Common Icahons Spec C<xi«ecto»v Corprciati. Oi&ttcfall. Daiwfl Oonlion. O.OIIIM. IlinU, E'O (Alpha). Eimae. lueormn, Nmi Sound. Henry Muslim l»Vowlionlca», Hy Uuin. tcom. KIM KrtillforuCV Ui»en, MCM (ftnlwai. MFJ. i W Mtll«(. M.m UNodnclfc, Miia«P. Nowlionics, Nye VIM»MJ, Pileimif. OF Products. f»a«fto Amnteur C^LLBOOL , Robot, Hoe k well Coll in v f̂ mon. Shuie. Telp«. Tempo. TorvTcc, tokrn Mi Potvoi. Inon*. IllflES W?Atl. Watwi. Wilson. Viiesu Ham and Cuftimpfcial Dndioi. Vwei.m, VitKoptei. Gmtii. tit E«. Wacom Dupleim. ReppjUir*.. Pfwlpv Dŵjw ' anon Intrircoiils Scanaii»%. CryalaH , Radio Pobtlcalion& 
W£ UOW StOCR COMMEftCiAl COMMUNICATIONS SYSTEMS 

1 COMMERCIAL RADIOS atoehvil * ••rvload on pf«mti*«. 
Amateur Radio Courses Givon On Our Promlsos, Call 
Eioor1 O r d a r t Sh ipped Immsdlatvly. TELEX f2-7070 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer , 

AMID0N . 
j t - ^ w . u m Since 1963 

12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany Eieiclronikiaden. w m e i m — Meii ies S l i 88 J930 Delmoid 18 w e s i Oeimany 
in Jaoan Tayomura t i e c i o m c s Company. Ltd 7-9 ! Cnoroe Soia-Kanaa Cfi iyooa Ku, Toxyo. Jaoan 

tion of 110 and below or 300 baud operation is 
provided along with an internal monitor speaker. 
The CP-100 is housed in an attractive metal case, 
minimizing any potential RF interference efforts. 

For further information, contact Advanced 
Electronic Applications Inc., P. O. Box 2160, 
Lynnwood, Washington 98036. 

Circle 1302 on Reader Sorvico Card. 

new division 
Nemal Electronics International has opened a 

new value-added division specializing in cable 
assemblies for the aerospace, data processing, 
and commercial markets. 

With state-of-the-art production and test 
equipment, the new Nemal facility is capable of 
producing more than 1000 assemblies daily. 
Nemal also maintains an extensive inventory of 
component parts and cables allowing for next-
day delivery on a wide variety of RF and data 
cables, made and tested to exact customer 
requirements. 

For additional information, contact Nemal 
Electronics International Inc.. 12240 N.E. 14th 
Avenue. North Miami. Florida 33161. 

Circlo S303 on Reader Service Card. 

smart patch plus™ 
The new Smart Patch Model 5100 from C.E.S. 

combines the features of the original Smart 
Patch with an exciting new communications tool 
called "automatic remote." 

Installed in the home or office, model 5100 
allows mobile or handheld radios the ability to 
make or receive telephone calls, as well as allow 
the operation of the base station in telephone 
fashion through the use of in-house telephones. 
The base station radio can be selectively called 
by mobiles using touchtone encoders. 

Special emergency features provide safety to 
those who face crisis while mobile. These fea-
tures include EMERGENCY 911 AUTODIAL, as 
well as an included beeper box installed in the 
home or office that responds loudly to a user 
programmed code. A keylock on the front panel 
protects the user from unauthorized use. 

Autopatch features include USER PRO-
GRAMMABLE access codes, sophisticated toll 
restrict, and simplex operation, allowing the unit 
to work from base directly; no repeater is re-
quired. Only five connections to base station 
radio are required. 

For further information, contact CES, Inc., 
P.O. Box 2930. Winter Park. Florida 32790. 

Circle 1304 on Reader Service Cerd. 
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market 
RATES Noncommercial ads 10$ per word; 

commercial ads 60$ per word both payable 
in advance. No cash discounts or agency com-
missions allowed. 

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

BACK ISSUES OST. 73, Ham Radio. Stamp lor list. Koepke. 
6 Katharine Rd „ Albany, NY 12005 

DIGITAL AUTOMATIC DISPLAYS. All transceivers Six 1/2" 
digits. 5" wide x M / 4 " * 9 " cabinet. Send $1.00 tor infor-
mation. Be specific. Grand Systems, PO Box 2171. Blaine. 
Washington 98230. 

ANTIQUE RADIOS Schematics, tubes and literature. Send 
SASE 10 VRS (HR), 376 Cilley Rd., Manchester, NH 03103 
for large list. 

PRINTED CIRCUIT BOARDS TORCCC. Electronics will print 
any schematic, 6 " x 9" maximum, on a circuit board for $1.50 
(larger schematics - 0 add S1.25 per additional 50 square 
inches). Send check and schematic to: TORCCC Electronics, 
2161 North California, Chicago, Illinois 60647. 

WANTED: Regency XL2000 Transceiver or newer 10 chan-
nel 148-162 MHz or Wilson WH2510, PO Box 929, Blacksburg, 
VA 24060-0929. (703) 382-4458. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 
Karin Ueber 
Pcstlach 2454 
D 7650 loerrach 
West Germany 
Ham Radio Belgium 
Stare oho use 
Brusselsesteenweg 416 
8-9216 Gent 
Belgium 

Ham Radio Holland 
Posthus 413 
NL 7800 A r Em men 
Holland 

Ham Radio Europe 
Be* 2084 
S-i94 02 Upplands Vastly 
Sweden 

Horn Radio Fiasco 
5M electronic 
20 bis. Ave des Cianon^ 
F 89000 Au»erre 
Fiance 

nam Radio Germany 
Karrn Ueber 
Pcsttach 
0-7860 loerrach 
West Germany 

Canada 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices in Canadian funds 
1 yr $29 95. 2 yrs $53 30 
3 yrs $75 40 

Ham Radio Italy 
Via Pordenone 17 
I 20132 Milano 
Italy 

Ham Radio Switzerland 
Karin Ueber 
Pasrfach 2464 
D 7850 Loerrach 
West Germany 

Ham Radio England 
c / o R S G B 

Alma House 
Cranborne RoaO 
Pollers Bar 
Herts EN6 3JW 
England 

NEW CODE SYSTEM. Curlycode, by W46UP, lets beginners 
know coda without "study , helps YOU boost your speed! 
Systems shows tow sound patterns make unforgettable 
shapes in your minds-eye. Eight Curlycode shapes show most 
letters Average of two different endings for each shape show 
all 61 characters. Booklet $6.50. Complete set: Booklet, wall 
chart, pocket card, special chart, all for $11 50 Discount 20 
percent for 10 or more complete sets. Minds-eye Publications, 
Dept. H1, Box 1310, McLean, VA 22101 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240± Sundays 1900Z also 3.880 ± 
Tuesdays at 2359Z. Net control N5BDN, Ciarksville, IN 

SCHEMATIC: Radio receivers 1920's/60's Send brand name, 
model N o , SASE. Scaramella, PO Box 1, Woonsocket, Rl 
02895-0001 

CABLE TV CONVERTERS/DESCRAMBLERS. Jerrold. 
Hamlin, Zenith — many others. Factory units/lowest dealer 
prices. Complete illustrated catalog, $2.00 Pacific Cable Co , 
Inc., 732S-1/2 Reseda Blvd., Dept. 1006, Reseda, OA 91335. 
818/716-5914 

NEW VLF 2 kHz-500 kHz products by K1RGO. L-101B VLF 
converter, L-201 VLF broadband preamplifier. L-400 VLF 
active antenna and more Write for free catalog. LF Engineer-
ing Co., 17 Jeflry Road, East Haven, CT 06512. 

(COM AND KENWOOD SEPARATE NEWSLETTERS: 5 years 
of back issues! Now available TS930S & 430S users modifica-
tions supplement. Send 39C SASE tor 12 page FREE Brochure 
to: International Radio. Inc., 1532 SE Village Green Dr.. Suite 
L, Port St. Lucie, FL 33452, 

HELP: Need schematic for Knight 2-meter transceiver Model 
TR-108. Will pay for copy. Ph. (209) 626-4219. KB6JDT, 
Donald M Cox, 318 Park Blvd., Orange Cove, CA 93646 

SIGNAL GENERATORS, URM-25D, 10 kHz thru 50 MHz 
$245.00, URM-26B, 4 MHz thru 405 MHz $245.00, HP614A, 
900 MHz Ihru 2100 MHz $345.00, HP618B. 3.8 GHz thru 7 6 
GHz $375.00. HP608C 10 MHz thru 480 MHz $345.00, 
TS-510/U 10 MHz to 420 MHz $295.00. All tab calibrated. Have 
good stock so order today. We accept M/C, VISA, or check. 
FOB Otto. Immediate shipment Phone Bill Slep 704-524-7519, 
Slep Electronics Company, Highway 441, Otto, NC 28763. 

CABLE TV CONVERTERS A EQUIPMENT: Plans and parts 
Build or buy, FREE information. C&D Electronics, 626 Flower-
dale. Dept HR, Ferndale, Ml 48220 

TR-7 USERS: NB-7 Noise blanker (new) $65.00 ppd. HS-75 
headset (padded) new $14.(X) ppd. SL-300, SL-500 CW filter 
$55 00 ea. ppd. K3UKW, Tony Musero (215) 271-8898. 

FOR SALE: Kenwood TR-7800 two meter transceiver 
$200 00/offer; Regency & Hallicratters 150-174 MHz receivers 
$15.00 each; Realistic SSB/AM CB $75.00 WB9YBM, Klaus 
Spies. 6502 Oketo, Niles, Illinois 60648 

ELECTRON TUBES — Radio & TV types 75% off list price 
— huge inventory! Also industrial types. Send for Free Catalog 
today or cal l Toll Free (800) 221-5802 Box HC, 
Transleteronics, Inc., 1365 — 39th Street, Brooklyn, NY 
11218. See our display ad this issue. 

IMRA, International Mission Radio Association helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmont, New York 10538. 

ELECTRON TUBES: — Receiving, transmitting, microwave 
. . all types available. Large stocK. Next day delivery, most 

cases Daily Electronics. PO Box 5029. Compton. CA 09224 
(213) 774-1255. 

CHASSIS and cabinet kits. SASE K3IWK, 

CUSTOM MADE embroidered patches. Any size, shape, col-
ors Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept. 301, 4202 N, Drake. 
Chicago, IL 60618. 

CX7 REPAIRS. 415-549-9210 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, 
Cardiff, CA 92007. 

TRS-80 Model l/lll/IV OWNERS. HF antenna design program 
calculates dimensions tor dipole, yagi, and quad antennas 
$14.95 (cassette) + $2.00 s&h lo Cynwyn, Dept H, 4791 
Broadway, Suite 2F. New York, NY 10034. 

OLD RADIO transcription discs wanted. Any size, speed 
W7FIZ. Sox 724 HR, Redmond, WA 98073-0724. 

RUBBER STAMPS: 3 lines $4,50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

RF DESIGN PROGRAM calculates stability, gain, noise figure 
circles, and more. For C-64 and IBM-PC, $29.95. Jim Allyn, 
N7JA, 7000 Litchford Road, #26, Raleigh, NC 27609. 

AMATEUR RADIO CLASSES: Chelsea Civil Defense will 
sponsor evening classes at Chelsea High School starting 
October 16, 1985, for Novice (basic level ham license), ami 
Tech/General licenses. Minimal cost tor materials only For 
information: Frank Masucci, 136 Grove Street, Chelsea, MA 
02150. 

NEW! CW WORD COPYING COURSE Complete. Easy-to-
learn. OSO-Trainer ,M code course. Includes two 60-minute 
audio cassettes and complete instructions. Send $16.95 (Indi-
ana add 85 cents). Money back, satisfaction guarantee (less 
$2 00 shipping and handling). Business-size SASE gets free 
information. AVC Innovations, Inc., Dept. HC2, PO Box 20491, 
Indianapolis, IN 46220 

UHF PARTS. We stock GaAs Fets, trimmers, and many of 
those impossible to find parts for the UHF builder. For ex-
ample: MGF 1202 at $10.00, Finger Stock at $7.50 per 16" 
strip. SASE brings list. Microwave Components, 11216 Cape 
Cod, Taylor, Mich. 48180 

SELL: TS147A Test Set. 8.5-9.6 GHz CW FM generator, fre-
quency meter, power, manual. $50.00 plus UPS. Huntley, 
W6RNC, PO Box 478, Nevada City. Calif. 95959 

COMPUTERIZE YOUR IC-720 or R-70 Keyboard frequency 
entry, 64 memories, scanning (frequency, memory, and 
mode) Many more features. Requires no interface, just cable 
— directions included. For Commodore 64. Cassette $14.95, 
disk $16.75, ppd. Cables also available. David Oliver, W90DK, 
Rt. 2. Box 246, Shevlin, MN 56676. 

WANTED: Operations manual schematic for Sierra 305 A-L 
frequency selective level meter. Weber, 2605 West 82nd 
Place, Chicago, IL 60652. 

WANTED: Old tube HiFi equipment. Working or not, complete 
or parts. All makes and models. Jack Smith, 59 Millpond, N 
Andover, MA 01845. 

RECEIVERS: Good operating and appearance with manual. 
HA-350, $50.00; NC-173; NC-300 $100.00 each All plus ship-
ping Lisains, 116 Orion, W Caldwell. NJ 07006 (201) 
226-7943. 

FREE 3 month subscription. Send callsign to Westlink Report-
H11, 28221 Stanley Court, Canyon Country, CA 91351. New 
only! 

KT5B ANTENNA 160m- 10m no traps. $59 95. Weather Boot 
Kit $8.95 Open-wire, roller-inductor, antenna accessories and 
much more. Kilo-Tec, PO Box 1001. Oak View CA, 93022. Tel: 
805-646-9645. 

WANTED: R-1490/GRR-17 receiver, parts and manual. Gene 
Mottern, 313 Royal Drive, Kingsport, Tenn 37663. 

2 METER AMP KITS: 8877 legal limit kit $395. 3CX800A7 
900W kit $325. Also HV power supplies, CX600N relays, parts 
and EME newsletter. SASE for catalog. 2 Meter EME Bulletin, 
417 Staudaher S t , Bozeman, MT 59715 

COMING EVENTS 
Activities — " P l a c e s to go . . 

GEORGIA: Southnet II Packet Radio Conference hosted by 
Georgia Tech Amateur Radio Club and sponsored by the Georgia 
Radio Amateur Packet Enthusiast Society. November 23 and 
24, Georgia Tech campus downtown Atlanta. Tech sessions 8:30 
to 5:00 Saturday and 8:30 to 12 Noon Sunday. For further in-
formation: Bill Crews, WB2CPV, 1421 Hampton Ridge Road. 
Norcross, GA 30093. (404) 923-1978. 

MASSACHUSETTS: The Honeywell 1200 Radio Club and the 
Waltham Amateur Radio Association will hold their annual 
Amateur Radio and electronics auction, Saturday, November 
23 at the Honeywell Plant, 300 Concord Road, Billerica. Doors 
open 10 AM. Free admission and parking. For more informa-
tion: Doug Purdy, N1BUB, 3 Visco Road, Burlington, MA 
01803. 

ILLINOIS: Waukegan Squadron Civil Air Patrol will hold its 
annual Fall Hamfest, Sunday, November 3, Lake County Fair-
grounds, Rt. 120 and 45, Grayslake. Doors open 7 AM. 
Admission $3.00 Tables $5 00 Large indoor area, cafeteria, 
free parking. For further information and reservations SASE 
to CAP, 637 Emerald St., Mundelein, IL 60060. 

COLORADO: AMSAT will hold its third annual Space Sym-
posium in Vail, November 9 AMSAT has issued a call for 
papers to be presented at the symposium Topics may include 
those of interest to Amateur Radio Satellite enthusiasts. 
Abstracts may be sent to AMSAT, PO Box 8005, #281, 
Boulder. CO 80306. For further information: Molly Hardman, 
N3CHZ, Chairperson, (303) 939-9334 or AMSAT Headquarters 
(301) 589-6062. 

MINNESOTA: The annual Handi-Ham Winter Hamfest, Sat-
urday, December 7, Eagles Club, Faribault. Registrations 9 
AM. Handi-ham auction of equipment, dinner at noon followed 
by a program. Talk in on 19/79. For information: Don Franz, 
W0FIT, 1114 Frank Avenue, Albert Lea, MN 56007. 
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NEW JERSEY: The 4lh annual Joreoy Shorn Ham/Compular/ 
Eloctranics Flea Markoi. November 3. 9 AM in 3 PM, Nep-
tune Gty Recreational Hall. Neptune City Sfiopping Cantor, 
Neptune. Admission S3.00. Children under 12 and XYL's tree. 
Refreshments available TableS6 00 Tailgatmg $3.00. Send 
payment and SASE lo Jersey Shore Hamlest. PO Box 192. 
Wost long Branch, NJ 07764 Talk in on 147.045 and 146 52 
Simple*. (201) 222-3009. 

LOUISIANA: Tho Twin City Harns are sponsoring a Hamlest, 
Saturday. November 9. west Monroe Convention Center, 
North 7th Street. West Monroe 9 AM lo 4 PM Froo swap 
tables. Amateur Radio exams will be given Talk in on 146.52 
simplex and 146.25/146.85. For more information: Bonson 
Scott, AE5V. 107Contompo Slreet. West Monroe. LA 71291 

MASSACHUSETTS: The MIT UHF Ropoatur Association and 
tho MIT Radio Society oiler monthly Ham Exams. Novico 
through Exira Wednesday. Novombor 20. 7 PM, MIT room 
M 3 4 . 7 7 Mass Ave.. Cambridge, MA, Rosorvarions requested 
2 days in advance. Contact Ron Hotlmann at (6171253-5820/ 
646-1641 Exam too $4.00. Bring copy at current license, two 
lorms ot picture ID and completed lorm 610 available Irom 
FCC in Boston (223-6609) 

WISCONSIN: The Milwaukee Ropoaier Club is proud to 
sponsrw the "6.91 Friendly Fesf" on Sunday. November 24. 
Serb Hall, 51st and Oklahoma. Bring your swaptost bargains 
and samplo good food and beverages Also bowling. Tickets 
S3 00.4 ' tables $4.00. Save $1 00 — SASE wilh payrnenl lo 
Milwaukee Repealer Club. PO Box 2123. Milwaukoo. Wl 
53201 before November 11 Talk in on 146 31/91 and 146 52 

ILLINOIS: The Chicago Amateur Club will hold its annual Ham 
Auction. November G. 7 PM lo 10 PM, Cdgobrook Goll Course 
Field House, 6100 N. Cuniral Ave.. Chicago. For information 
(312) 545-3622 

INDIANA: The Allen County Amateur Radio Technical 
Society's 13lh annual Fori Wayne Hamlest. Sunday, 
November 10.8 AM lo 4 PM. Allen County Memorial Coliseum, 
Coliseum Blvd . US 30. Indoor lablas available $8 00 AC 
power extra Premium tables wilh AC 320.00 each. Admis-
sion S3.50 advance S4 00/door Children under 11 free 
Ladies' activities, lotuins. banquet Saturday night Nearby 
motels and restaurants. VE exams Saturday. November 9 ad-
vance legislat ion only Talk in on 146.28/88 For Information 
or reservations: ACJ-ARTS Hamresi, PO Sox 10343, Fori 
Wayne. IN 46851 

MICHIGAN: Tho Oak Park High School Electronics Club 
presents tho 161h annual Swap N Shop, December l , Oak 
Park High School. Oak Park, 8 AM io4 PM Admission $2 50 
Afier 12 Noon SI.50 All 8' tables $9,00. SASE lo Herman 
Gardner. Oak Park High School. 13731 Oak Park Blvd . Oak 
Park. Ml 48237 or call (313) 968-2675 

OHIO: Tho Masslllon ARC will sponsor "Auclionlest 85" , 
November 24. Missillon K ol C Hall, elf Rt 21 .8 AM lo 5 PM 
Sellers setup 7 AM. Admission 52,50 advance and $3.50 ai 
the door tables available at V w per 8' spaco Reiresnments 
and sil down dinnor. Free parking Auction 11 AM. Talk in on 
W8NP. 147 78/ 18. For advance registration and information 
MARC. PO Box 73. Massillon. OH 44646 SASE please. 

NEW YORK: 7th annual "Ham Coniral", Sunday. December 
1. Main Hall, Lutheran School. Moriches Road. Si James. 
Long Island, close lo NYC. Doors open 7:30 AM lor 
sellers/dealers. 9 AM general public Table space S10 00/8' 
includes two Iree admission tickets General admission S3 00. 
XYL and kids under 12 free Seminars plus ARRL and AM-
SAT. Food and relreshemenis available Nearby shopping 
malls and historic silos talk in on 144550/145 150 and 148.52 
MHz For reservations and information call alter 6 PM Bob 
Yarmus. K2RGZ (515) 981-2709 or Andy Feldman. WB2FXN 
(516) 928-3868 

FIRST US YL WINS SWEDISH AWARD. Emily Maylan. 
AC2V, ol Yonkers. NY. has become iho first American YL lo 
win the 100-SM" award for confirmed contacts wiltI 100 
Swedish hams Only 659 other hams worldwide havo pre-
viously won this award 

OPERATING EVENTS 
"Things to do . . .' 

The Armo'od Forces Amataur Radio Mot (A F A R ) wiH operate 
Irom QOOOZ November 10 lo 2400Z Novombor I I to com-
memorate Veterans" Day 1985. Phono 80, <10, 20. 15 motors 
CW on <10 motors. Cortilicatc available lor contact with 
monitor station. Send ft 10 SASE to WB10WR #90. 16 
Borkoloy Circle. Nowinglon. CT 06111 

Tho Royal Jordanian Radio Amateur Society has announced 
plans lor JY50, a two week celebration marking tho SOIh bir 
Ihday ol His Majesty, King Hussein, JY-1 starling November 
7 through November 21. For tho spocial "Worked JY50 cer• 
liiicate' send copies ol log and either i o IRC's or S5 (US) to 
the Royal Jordanian Rndfo Amateur Society, JY50 Celebra-
tion. PO Box 2353. Ammann. Jordan. _/y,/V7 

GUTCHWITCH 
• STOPS EQUIPMENT DAMAGING TRANSIENTS 
• ADDS PROTECTION TO EXIST1N0 AC STRIPS 
• SIMPLY PLUGS I N TO OUTLET 
• SUPERIOR TO CONVENTIONAL SINGLE 

VARISTOR TYPES 
• HAS 3 HEAVY DUTY VARISTOR tRANSIENT 

SUPPRESSORS 
• PROTECTS AGAINST BOTH L I N E - L I N E 

AND LINE-GROUND SPIKES 

G l i t e h W i t c h m a r o b u s t , n a t t i l y u s e d 
t r a n « i « n t o u p o r o s s i o n n w t w a r k . I t 
o c c u p i e s onD a n e k v t i n an AC o u t t u t 
boi l o r s t r i p and p r a v a n t o o v o r v o l t a g a 
e p i L a a i n t h a t AC c i r c u i t . 4 5 0 0 Amp. 
p » j F r a t i n g d s v i c n * . I n a w p e n f i l v e 
p r o t e c t i o n f o r SSt e q u i p m e n t and d a t a 
h o o t o t h e r d e v i c e s do n o t g u a r d 
a g a i n s t 1 i n o - g r o u n d s p i k e s and 
do n o t p r o v i d e t h e ttafety o l 
GLITCHMMCH. Guard y o u r g e a r . 

c h e c k o r money o r d e r 1 1 7 . 9 5 p p d . 

I . I I I I I l l -J I I I I I 
P . O . 6 . 643 
SUDBURY, MA. <11776 

Steve Slutman. Prop . 

QUADS — TOWERS — QUADS — TOWERS — QUADS -

I § 

g DO YOU WANT THE STRAIGHT § 
| INFO ON QUADS? " 
^ Info o n ver t ica ls , d ipoles, m in i -quads . ° 

a Yagrs, i n c l u d i n g compara t i ve p e r f o r m a n c e s ? m 
S W i t h o u t p u l l i n g a n y p u n c h e s . 5 
g Our re fe rences a re ANY A M A T E U R W H O I 
I U S E S A S K Y L A N E Q U A D . ° 

tn Our pliers are iDwtii iVifln any comparable £ 
§ (J bad Oi lower § 
g Into on q u a d s h a l f a b u c k , a n d in lo o n B O T H I 
I t owers ancj q u a d s lor a b u c k . C h a r g e d u e to g 

g i nc reased cost o l pos tage a n d pr in t ing . 4 

S 
o SKYLANE PRODUCTS l 

P O Box 2968 | 

Sate l l i te Beach. FL 3 2 9 3 7 g 
(305) 7 7 3 - 1 3 4 2 | 

- sawno — sh3moi - sawno - sna/woi — savno 
n - 206 

MAKE CIRCUIT BOARDS 
THE NEW, EASY W A Y 

WITH TEC-200 FILM 
JUST 3 EASY STEPS: 
• Copy circuit on TEC-200 film using 

any plain paper copier 
• Iron lilm on lo copper clad board 
• Peel oil film and etch 

SATISFACTION GUARANTEED 
convenient B'/i x 11 size 

5-Sheet Starter Pack $3.95 
10 sheets only $5.95 

mill li!K |i»",l.n|(i NV res add sales tax 

The MEADOWLAKE Corp. 
Dept. H, P.O. Box 497 

Northport, New York 11768 

TEST EQUIPMENT 
RE-CONDITIONED AND 

LAB CALIBRATED 
URM-2S SIGNAL GENERATOR. ' 0 KM7 TO 60 MHZ 
AM/CW MOOULATION 400 & 1 KHZ RF OUTPU1 
0-ZV OR 0-1V PRECISION 60 OHM SKIP AMEN 
UATOR, SMALL PORTABLE UNIT $2.15 OQ 
URM-26 SIGNAL GENERATOR -1 MHZ TO 406 MHZ 
CALIBRATED OUTPUT 0 TO MODULATION 400r 
1000 HZ. CALIBRATED OUTPUT ATTENUATOR 
SMALL PORTABLE UNIT ;M!.00 
HP606A SIGNAL GENERATOR. 60 KHZ IO 65 MHZ 
RE OUTPUT 0 1 TO .IV IN 50 OHMS CRYSTAL CAL 
IBRATOR 400/1000 HZ MODULATION 375 00 
HP608C SIGNAL GENERATOR. 10 MHZ TO .180 MHZ 
0 1 MV TO IV RF OUTPUT INTO 50 OHMS AM.'CW 
OR PULSE MODULATION CALIBRATED 
ATTENUATOR 345 00 
TS-510/U SIGNAL GENERATOR. 10 MHZ TO 420 
MHZ. AM/CW OR PULSE EMISSION OUIPUT '/OlT 
AGE 0 TO 5V. CALIBRATED ATTENUATOR 400'1000 
HZ MODULATION .">95 00 
HP614A SIGNAL GENERATOR 900 TO ?!{X) Ml-Z 0 5 
MV TO IV INTO 50 OHMS, INTERNAL OR EXTERNAl 
PULSE OH FM MODULATION CALIBRATED 
OUTPUT 34b 00 
HP616A SIGNAL GENERATOR 1 t) GHZ IO 4 GHZ 
CALIBRATED OUTPUf 0 1 MW 10 IV INTO 50 OHMS 
INTERNAL, EXTERNAL PULSE OR FM 
MODULATION 3/51X1 
HP61BB SIGNAL GENERATOR :iTi GHZ TO 7 6 GHZ 
0 1 MV TO IV INTO 50 OHMS. CALIBRATED OUIPUT 
INFERNAL. EXTERNA! PULSE FM AND SOUARE 
WAVE MODULATION 375 (X) 
MP620A SIGNAL GENERATOR 7 GHZ TO H GHZ 
CALIBRATED OUTPU1 0 I MV TO IV INTO 50 OHM 
INTERNAL EXTERNAL PULSE AND FM 
MODULATION 450 00 
SG-557/URM-52 SIGNAL GENERATOR 3 8 GHZ TO 
7 6 GHZ. 0 I MV TO IV INTO 50 OHM CAt IBRAIED 
OUTPUT INTERNAL EXTERNAL Put SE FM AND 
SQUARE WAVE MODULATION MILITARY VERSION 
OF HP6IBB » 5 00 
SG-13/U AIRCRAFT vOR'ILS SIGNAL GENERATOR 
RANGE 108 MHZ THRU 1359 MHZ AND t o 
335 MHZ. OUTPUT SIGNAL INCLUDE VOR LOC 
AND GLIDESLOPF: AMD 1000 CPS SAME AS COL 
LINS 4 791 Z OPERATES FROM m VOC AI y„ AMPS 
BENCH POWER SUPPLY OR AIRCRAFT BATTERY 
IDEAL FOR AIRCRAFT RADIO REF'Alfi 3S5 00 
JERROLD 900A SWEEP GENERATOR RANG! 0 5 
TO 1300 MHZ. 0 5 TO 400 MHZ SWEEP WID1H 
OUTPUI IS FLAT 5DB TO 800 MHZ I SOB 10 1200 
MHZ BUILT -IN RF LIE I ECTOR » ! . 0 0 
HPB551B/851B SPECTRUM ANALYZER AND DIS 
PLAY SECTION. EflEO RANGE 10 1 MHZ 10 1? GHZ 
TYPE N COAXIAL INPUT WIIH EXIRA WAVEGUIDE 
MIXERS RANGE CAN GO TO 40 GHZ IEN CAM 
BRATED SPECTRUM WIDTHS 100 KM? TO GHZ 
SENSITIVITY UP 10 - 100 DBM ! 650 00 

WE ACCEPT VISA. M/C. OR CHECK. ADO SHIP-
PING. WE SHIP BEST WAY. SATISFACTION GUAR-
ANTEED, IMMEDIATE SHIPMENT. PHONE BILL 
SLEP 704-524-7519. 

I T N l - B P C l . E C T R O N t C S 

HIGHWAY 441 

OTTO. NORTH CAROLINA 28763 

C O 

^ 208 

CHARGE 
YOUR CLASSIFIED ADS 

to y o u r 
MC or V I S A 
write or call 
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Greenville, NH 03048 

(603) 878-1441 
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THE GUERRI REPORT^ fe 
new components and 
techniques for RF 
designers 

When manufacturers offer new 
equipment, the resulting design is a 
complex function of expected market, 
engineering hours, and the availability 
of necessary technology and com-
ponents. Fortunately for designers of 
RF equipment, new components are 
rapidly being developed to keep pace 
with the boom in telecommunications. 

Among the more exciting develop-
ments in the semiconductor industry 
is the emergence of commercial 
Gallium Arsenide (GaAs) ICs. Both 
analog and digital functions are being 
implemented. The digital functions — 
prescalers, counters, memories, and 
shift registers — are capable of opera-
tion at 2 to 3 GHz, allowing the design 
of phase locked loops and frequency 
synthesizers at low microwave fre-
quencies using only a few chips. The 
required interstage amplifiers are now 
also available as off-the-shelf GaAs IC 
amplifier blocks (Microwave Mono-
lithic Integrated Circuits, or MMICs) 
covering octave (2:1) bandwidths with 
10 to 30 dB of gain. These gain blocks 
are available from 50 MHz to over 18 
GHz. Prices are high right now but we 
can expect dramatic reductions as 
sales volume increases. 

In the realm of discrete devices, the 
High Electron Mobility Transistor 
(HEMT) is just now ready to emerge 
commercially. This improved class of 
GaAs FET can provide noise figures of 
about 1 dB at almost 10 GHz, with 8 
to 10 dB of gain! Several companies 
have developed low-cost ICs based on 
HEMT concepts which would inte-
grate large portions of complex micro-
wave receivers into a single chip. 

One of the most fundamental con-
cepts in modern telecommunications 

is frequency translation, or mixing. 
Most receivers and transceivers have 
several conversions from one fre-
quency or band to another. An impor-
tant characteristic of the translation 
device is its ability to minimize the 
generation of unwanted products. 
Mixer development has now advanced 
to the point where we have image re-
jection mixers (the image is automati-
cally suppressed by about 20 dB) well 
into the microwave region. There is a 
similar class called "termination insen-
sitive mixers" that perform well even 
with highly reactive loads. The devel-
opment of complex GaAs MMICs will 
soon permit the implementation of 
active frequency converters with high 
dynamic range, selectable image char-
acteristics, and conversion "gain" in-
stead of an insertion loss. We should 
see these devices — up to 4-5 GHz — 
readily available in the not-too-distant 
future. 

Plain old resistors and capacitors are 
taking on a new look. Chip- and sur-
face-mounted components with su-
perb characteristics well into the 
microwave region are now available. 
The fact that most modern circuits 
operate at low voltage and power 
levels means that spacings and insula-
tion can be very small. This in turn 
reduces the overall size of the compo-
nent, and hence its parasitic induc-
tance and capacitance. This trend will 
continue to provide more components 
with nearly perfect RF characteristics 
in the VHF/UHF and low microwave 
ranges. 

Even coaxial cables continue to 
undergo substantial improvement. 
Semi-rigid coax with foil shielding, 
foam dielectric, and non-contaminat-
ing jacket is available at very affordable 
prices. This type of cable is usable to 
500 MHz with losses of less than 0.1 
dB/meter. Small diameter hardline is 

now available to the UHF/Microwave 
enthusiast on the surplus market, 
thanks to the huge quantities used by 
military and cable TV applications. 
These cab|es are nearly the ultimate in 
transmission lines; they boast very low 
losses well into the microwave region, 
100 percent shielding, and closed-cell 
foam insulations with permanent water 
intrusion barriers. Properly installed, 
these cables can have a useful life of 
more than 20 years. 

Some of the least heralded ad-
vances in component design have 
taken place in the realm of interstage 
filters. Multipole ceramic and crystal 
filters with flat passbands, steep skirts, 
and low spurious responses have be-
come available at remarkably low 
prices. Made for virtually all of the 
standard IF frequencies (455 kHz, 10.7, 
21.4, 30, and 45 MHz), these marvel-
ous filters, buried deep in our equip-
ment, give us selectivity and freedom 
from unwanted responses that would 
have been a dream just a few years 
ago. 

The advances continue. Monolithic 
crystal filters with narrow bandwidths 
(5-15 kHz) have been fabricated at over 
250 MHz. Surface Acoustic Wave 
(SAW) filters with good characteristics 
up to 1.5 GHz are now available com-
mercially. The availability of these 
higher frequency filters means that 
next-generation equipment can use 
up-conversion (IF higher than the in-
coming signal) to give us image-free, 
single conversion (large dynamic 
range) performance. 

As the spectrum becomes more in-
tensely populated, we are fortunate 
that component designers and manu-
facturers are investing in the technol-
ogy to assure that there will be room 
for all of us. 

ham radio 
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another revolution 

We are in the midst of another revolution, albeit a peaceful one. Packet Radio and other forms 
of digital communications have arrived. Previously staunch users of the various forms of A M and 
FM have found themselves drawn into the world of zeros and ones and are talking to each other 
with ever-increasing speeds, efficiencies, and applications. For example, on 220 MHz and higher, 
up to 5600 characters per second transmission link speeds are both theoretically and legally possible-
Passing the same amount of data on C W would require a sending speed of approximately 60,000 
wpm — almost a thousand times faster than Ted McElroy's long-standing Morse code record. 

Of course the proliferation of personal computers has had an important influence on this process, 
but I still attribute the rapid growth of this field to the inquisitive, intelligent, and practical mind of 
the Radio Amateur. For as soon as the first generation of Terminal Node Controllers (the interface 
between the terminal and the radio) became available, user groups formed and began developing 
applications ranging from direct message-passing to Packet Bulletin Board Systems (PBBSs). 

Though most Packet activity occurs on VHF (in large measure on 145.010 MHz), this does not 
restrict transmissions to short distances. In fact, as of this date, a large section of each coast is inter-
linked by a series of digital repeaters, or as they're better known, "digipeaters." 

The startling growth rate of this mode became quite obvious as we prepared David McLanahan's 
article, " A Packet Radio Primer," for publication. Space was allocated for the April 10 version of 
the East Coast packet map shown on page 33. By September 10, activity increased dramatically and 
the size of the map doubled. This represents an increase of approximately 100 percent in the number 
of digipeaters, PBBSs , and home stations used predominantly for digipeating. 

It seems particularly appropriate to consider this subject this month. December is, after all, a time 
of hope and renewal. In the past we've seen exciting developments — such as S S B , FM, and com-
puters — make their mark on Amateur Radio. Will digital communications be the next logical step 
in this evolutionary process? 

Turn the pages of this month's ham radio and see when and why the different forms of Packet 
Radio are appropriately used. And while you're on the subject, see how and why some hams have 
been experimenting with spread spectrum transmissions, once the exclusive domain of the military. 

To paraphrase a well known soft drink manufacturer's slogan, "We're the Packet generation." Read 
on and see where you might fit in. 

Rich Rosen, K2RR 
Editor-in-Chief 
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presst®p de W9JUV 

THE AVERAGE U.S. AMATEUR IS JUST OVER 46 YEARS OLD, FCC's analysis of last April's Form 
610s indicates. A detailed study of all that month's 9632 applications (all new licenses, 
renewals, and modifications) shows Novices to be the youngest, with an average age of 38.5. 
Techs average 45.1; Extras, 47.3; Generals, 50; Advanced, 51.B. By call areas, 9th district 
Novices were the youngest, at 35.6, and O district Advanced the oldest, at 55. 

The U.S. Amateur Population Increased 0.657. During FCC's Fiscal 1985 (ending October 1), 
though the number o-f new Amateurs actually decreased by 7.6X. 17,373 newcomers Joined Amateur 
ranks last year, while 14,709 dropouts le-ft the year's end total 412,5B7. Largest percentage 
increase by license class was in Extras, up 2,344 to almost 38,000. 

SOME MEANS SHOULD BE ESTABLISHED FOR "CERTIFYING" FREQUENCY COORDINATORS on a state or 
regional basis, as there's apparently no interest in establishing a "National Coordinator," 
FCC Safety and Special Services Chief Ray Kowalski suggested in his comments during the FM 
forum at the ARRL National Convention in Louisville. "Certified" coordinators would be those 
established and generally recognized for a given area; an eight-point plan is to be developed 
for determining appropriate qualifications and the method of formalizing such certification. 
Though the plan is to be published in the ARRL's Repeater Coordinators' Newsletter when 
completed, the League is specifically NOT participating in developing the plan. 

Texas's Recoordination To 20 kHz Spacing On 2 Meters Has Been Completed, with the actual 
shift throughout the state expected to be complete by the end of November. 

ARRL'S PROPOSAL TO PERMIT NOVICES PHONE PRIVILEGES probably won't be worked on at the FCC 
until early 1986, meaning that an NF'RM won't be out until late spring at the earliest. So far 
there seems to be considerable division in the Amateur ranks on the issue, but the age 
figures in our lead item certainly indicate some change is needed. 

Japanese CEers Have Invaded The Lower End Qf 10 Meters, P29JS reports in a letter to the 
Southern California DX Bulletin. He's been hearing Japanese chatter all the way up to 28585 
kHz, but without any indication of any "JA" call signs. 

METR0PLEX HAS BEEN NAMED THE FOURTH NATIONAL VEC effective September 19, the FCC has 
announced. Metroplex, one of the very first regional VECs, is now actively seeking VEs in 
other call areas. Call Alex Magocsi, WB2MGB, at (201) 592-6243 for information. 

IS Regional And Three National VECs Have Expressed Interest In Joining CARE (Counci1 of 
Amateur Radio Examining), which is now well along the road toward becoming a viable 
organization and expects to be incorporated as a riot-for—profit corporation under Illinois 
law before the end of the year. Jim Georgias, W9JUG, can provide further information. 

AFTERSHOCKS FROM NEWS MEDIA EXPLOITATION OF AMATEUR FREQUENCIES during the Mexico City 
earthquake disaster are still going on, with both the FCC and some of the offending news 
organizations on the receiving end of complaints by concerned Amateurs. Even some media 
people have themselves admitted feeling that the situation went far beyond reason, though 
most did not want to be quoted on the issue. Preliminary discussions between the FCC and both 
the Radio and TV News Directors Association and the National Association of Broadcasters have 
reportedly taken place, with hope that acceptable guidelines for Amateur Radio/media 
cooperation can be set up before the next crisis occurs. The FCC had thought it had defined 
the limitations in its Report and Order on BC Docket 79-47, but a widely distributed industry 
interpretation of the FCC's action left many in the industry with the impression that Amateur 
Radio was for their use pretty much as desired! 

The FCC I5 Interested In Reports Of Specific Media Incursions during the Mexico City 
crisis; they must be first-person and specific enough to be related to a specific news 
organization. Send them to Raymond Kowalski, Chief, Safety and Special Services, FCC, 1919 M 
St., NE, Washington D.C. 20554; tapes of abuses would be particularly welcome. 

The Issue Of "Non-Amateur" Use Of Amateur Frequencies is an on-going issue that can't be 
ignored; the recent petition by a low—power TV broadcaster to use frequencies on the 70-cm 
Amateur band for TV remotes, and the establishment of a "protection zone" along the Canadian 
border for Canadian 420-430 MHz commercial users, are cases in point. 

STILL MORE "HAM IN SPACE" OPERATIONS FROM SPACE SHUTTLES are shaping up for next year. 
AMSAT member Dr. Ron Parise, WA4SIR, has been selected to fly on Mission 61E in March, while 
Dr. Owen Garriott, W5LFL, is scheduled for mission 61K, now set for next September. 

GEOSYNCHRONOUS AMATEUR SATELLITES ARE STARTING TO LOOK like real possibilities, according 
to AMSAT. Earlier, NASA had said it might provide Amateur Radio capability on one of its 
Advanced Communications Technology Satellites (ACTS), and now it appears an AMSAT transponder 
("Phase 4") may find a spot on the same bird. In addition, Arianespace may also be able to 
provide a piggy-back launch opportunity for an Amateur transponder into geosynchronous orbit. 
AMSAT officials are now reviewing the possibilities, with particular interest in 
incorporating new approaches and capabilties in an Amateur proposal. 
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SSS^ t. 

* co&Jgg* 

$79.95 

A Realistic Simulation of 
O n - t h e - A i r , T w o - W a y 
Morse Code 'Ragchew ' 
Contacts (QSOs). 

• Makes Upgrading of Morse 
Skills Easy and Fun 

• Does Away With Drudgery 
• Skilled Operators Enjoy 

the Realism 
• Operate Anytime—Re-

quires Only a Commodore 
C-64 (or C-128) and A TV Set 
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comments 
Dear HR: 

In response to KA0DOE's letter in 
the September, 1985, issue of ham 
radio (Comments, page 15) I have only 
one comment. The total function of 
the Novice Amateur Radio license is to 
introduce the public to Amateur Radio 
Service by giving them simple privi-
leges on a few selected portions of the 
Amateur Radio bands and a very sim-
ple but effective mode of transmission 
called CW or Radiotelegraphy. Then 
it's up to the individual to make that 
committment to upgrade to the higher 
grade license and more privileges. 

Bill Eaton, WB1CXI 
Channelview, Texas 

something for nothing 
Dear HR: 

Unlike KA0DOE, I read July's 
"Presstop" (page 6) with horror and 
disgust. The present-day attitude of 
rewarding hams for doing absolutely 
nothing will be the biggest reason for 
the ultimate death of the hobby. 

Why are unearned extensions of 
band privileges the only thing that can 
help encourage these operators? 
Aren't there myriad challenges avail-
able to try the patience and ingenuity 
of any class of Amateur today? Will 
more "entertaining" modes give us 
any "more to encourage us to seek out 
our full potential as operators?" 

At the beginning of World War II, 
Amateur Radio operators provided a 
highly proficient cadre of electronics 
technicians and skilled instructors to 
the United States. Let me propose a 
calamity today. What functions could 
a group of Amateurs provide whose 

only claim to technical skill is the abil-
ity to box up their equipment and get 
it to the United Parcel Service? 

I was granted a Class B license in 
1947 and, one year later, passed the 
Class A examination. Can I now cry 
out that I have been a good and faith-
ful ham for 38 years, so I deserve an 
Extra Class license? Hell, no! I must get 
my old brain in gear and hit the books 
and suffer my way back to 20 words 
per minute. That is one of the basic 
challenges of Amateur Radio. The 
frightening thing about "glorified CB 
operators" is not only the terrible oper-
ating practices that a lot of them 
demonstrate, but the "something for 
nothing" syndrome that fosters these 
practices. 

If a soldier received the Purple Heart 
for falling off the back of a 6x6 when 
he was drunk, it would degrade the 
sacrifice of all the others who proudly 
wear that decoration. The time and 
effort spent to upgrade a license is vital 
to the spirit of Amateur Radio. With 
it comes the understanding of the priv-
ilege granted us to use certain parts of 
the radio spectrum. And with that 
understanding comes the resolve to 
operate legally and properly. 

I raised my children to realize that 
they were due only what they were 
willing to expend their time and effort 
to gain. There is, and certainly should 
be, no free lunch. In like manner, I do 
not condone any unearned privileges 
for any Amateur Radio operator. 

Joe Weite, KH6GDR 
Makakiio, Hawaii 

short circuit 
75-meter transceiver 
The PC board art shown in 
KIBQT's article, "A Compact 
75-meter Monoband Transceiver" 
(November, 1985, page 13) is 
incorrectly sized. For a complete, 
corrected set of board art suitable 
for reproduction, send a stamped, 
self-addressed No. 10 (business-
sized) envelope to ham radio, 
Greenville, New Hampshire 03048. 



spread spectrum and 
digital communication techniques: 

a primer 

Not quite sure 

how speech can be 

transformed into a 

digital signal? 

Read on. 

Ever since the inception of Amateur Radio, hams 
have kept abreast of the latest and most innovative 
methods of communication. From the advent of spark-
gap radiotelegraphy, to the early FM transmitters, 
through the 2nd World War — when hams played an 
important part in concocting the first reliable pulse ra-
dar systems — to RTTY, SSTV, SSB, satellite com-
munications, and packet radio, Amateurs have been 
ardent users of new and fascinating modulation 
methods. 

In recent years there has been interest in a relatively 
new type of communication technique. While the 
foundation for this communication method was laid 
with the advent of ranging radar, it has only been in 
the past 10 to 15 years that it has received so much 
attention from both the military and the private sec-
tor. This technique, known as spread spectrum (SS) 
is unlike any communication method previously tried 
by Amateurs. However, judging by our track record, 
it would seem that it's only a matter of time before 
we familiarize ourselves with it. 

The purpose of this article is to provide an overview 
of spread spectrum communications for those not 
familiar with it. While the topic is much too broad to 
be fully discussed here, the major concepts will be 
highlighted in a manner that can, I hope, be under-
stood by those with little math background. As well 

as the concepts governing spread spectrum and digi-
tal communications, typical station hardware require-
ments will also be addressed. 

why spread spectrum? 

One might wonder how and why spread spectrum 
evolved, and how it could be applicable to the 
Amateur Radio bands. To address the first query, it 
is necessary to consider the problems associated with 
military communications during World War II. At the 
time, jamming and antijamming techniques were the 
order of the day. By 1945 every Allied Bomber plane 
was equipped with two jamming transmitters, while 
it is estimated that as many as 90 percent of all elec-
trical engineers in Germany were involved in an an-
tijamming program of gargantuan proportion.1 

To combat the effects of jamming, spread spectrum 
was used to spread the signal out, thereby rendering 
narrow band jammers virtually ineffective. In addition, 
the fact that spread spectrum could be used with a 
low probability of intercept (LPI) made this an ideal 
method of communicating while appearing "radio 
silent" to conventional receivers. 

Today the quest for a signal that cannot be jammed 
continues in military circles; commercial applications, 
such as banking and private mail systems, require 
security. As jamming and intercept capabilities be-
come more sophisticated, methods of communicat-
ing become increasingly complex. Spread spectrum 
continues to evolve into a highly complicated mode 
of communication. Those fascinated with the history 
of radio would find the accounts of the development 
of spread spectrum to be very exciting reading. Several 
excellent accounts are listed in the references.12 3 

The above-mentioned attributes hardly seem appro-
priate for Amateur Radio! The FCC rules prohibit any 
kind of coded or secure communications, and inten-
tional jamming is a problem we would ideally never 

By Ted S. Rappaport, N9NB, Box 283, Electri-
cal Engineering, Purdue University, West 
Lafayette, Indiana 47907 
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have to deal with. There are several other benefits, 
however, that might be of use to us in the future as 
the Amateur Radio spectrum becomes saturated with 
users. In fact, a look at why mobile telephone com-
panies are considering S S sheds some light on some 
of the possible rewards. 

In metropolitan areas, where there are many mobile 
telephone users in a small area, cellular radio has been 
introduced to alleviate the congestion in the mobile 
telephone spectrum. In a cellular radio system, as the 
term suggests, the city is broken into "cells," with 
each cell having its own multichannel repeater capable 
of handling a limited number of users within the cell.4 

As the user travels into an adjacent cell, the adjacent 
repeater takes over the communication. The cellular 
technique has been used to increase the maximum 
number of mobile telephone and commercial radio 
users from several hundred to several thousand in 
many cities across the country. Of special interest to 
the industry is the fact that compared to conventional 
narrow band modulation techniques, SS has the capa-
bility of supporting a larger number of users for a given 
cell size!5 

Other advantages that S S offers to both the military 
and the mobile communication industry include selec-
tive addressing capability, code division multiplexing, 
and interference and multi-path rejection. With SS , 
it is possible for a transmitter to selectively communi-
cate to one or several receivers while remaining oblivi-
ous to other users. Also, several stations may use the 
same band of frequencies simultaneously without in-
terfering with one another. Since S S signals have very 
wide bandwidths, conventional narrow band users 
may also use the same spectrum without adversely 

affecting the S S communication. Conversely, the 
average power of a S S signal in any narrow band 
region is small, so the narrow band modulation is not 
severely QRM'ed, either. 

As will be demonstrated shortly, S S requires more 
complex hardware than does conventional narrow 
band equipment; as the spectrum stands today, its use 
in Amateur Radio is probably not currently warranted. 
However, with increased HF and VHF/UHF activity, 
it is conceivable that we may eventually need a drasti-
cally different approach to communications. Progress 
has recently been made by hams in such areas as co-
herent CW and packet communications.6 7-8-9 The in-
evitable thrust toward digital communications makes 
S S appear to be a likely modulation method in the 
future. 

overview of spread spectrum 
Figure 1 illustrates the bandwidth of an SSB speech 

signal compared to a typical spread spectrum signal. 
As its name implies, spread spectrum is a modulation 
method whereby the energy of the transmitted signal 
is spread out over a very wide bandwidth. This is quite 
unlike SSB or narrow band FM (NBFM), where the 
transmitter output has a bandwidth on the order of 
that of the modulating signal (the usable audio band-
width for speech is about 3 kHz). However, wide band 
FM (WBFM) transmitters have bandwidths that are 
many times greater than that of the modulation. 
Clearly, though, WBFM is not spread spectrum! This 
is where the second important distinction between 
spread spectrum and conventional modulation 
methods must be made. 

A spread spectrum communication system uses a 
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special generated wide band signal that is independent 
of the message modulation. At the transmitter end, 
the message modulation (a voice signal) may be multi-
plied by this independently generated signal, and the 
resulting mix then transmitted on a carrier. This is 
known as Direct Sequence Spread Spectrum (DS). 
Another type of SS, known as Frequency Hopping 
Spread Spectrum (FH), can be generated by using the 
independently generated signal to cause the carrier sig-
nal to frequency hop in a prescribed manner. 

It is the independent signal that determines the 
amount of bandwidth spreading at the transmitter out-
put. It also determines the immunity the SS signal has 
to narrow band interference. This independent signal 
is always digital, and is generated by digital logic 
devices (such as TTL). The term pseudo noise code 
(PN) is used to describe this independent signal since 
to an uninformed observer the PN code looks like a 
random jumble of 1s and Os. Actually, though, the PN 
code is a periodic sequence that can be easily gener-

CHIP 
CLOCK 

fig. 2. Spread spectrum transmitter/receiver block diagrams: (4) direct sequence (DSI transmitter and receiver, (Bl fre-
quency hopping (FH) transmitter and receiver. 
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ated by a sequence of shift registers. In order to 
recover the original message, the receiver must be able 
to reconstruct the same PN code used by the trans-
mitter. When the transmitter and receiving encoding 
signals are identical, and when they are synchronized 
in time, then the message is detected. Figure 2 illus-
trates block diagrams of spread spectrum transmitter 
and receiver pairs for both the DS and FH case. A 
more detailed look at the generation of the PN code 
is considered subsequently. However, before delving 
into the details of SS, it is first necessary to become 
familiar with some basic concepts of digital com-
munications. 

digital communicator) concepts 

Because the encoding signal is digital, spread spec-

trum can be considered to be a special form of digital 
communications. Unlike SSB, AM and FM, which are 
analog, continuous time communication methods, 
digital communication systems work on the principle 
of the sampling theorem. 

The sampling theorem, developed by Nyquist in 
1924,'° states that a continuous time signal may be 
represented by a sequence of discrete time snapshots, 
or samples, without any loss of information in the sig-
nal, provided that the samples are taken at a rate which 
is at least twice as great as the highest frequency com-
ponent of the original continuous time signal. A basic 
relationship which relates the sampling frequency (fs) 
to the time duration between successive samples (7$) 
is 

f 1 
fs = Ys <1> 

Figure 3A shows the components of a typical sam-
pling system. Figure 3B illustrates a typical speech 
signal that has been band limited to have a peak fre-
quency component of 4 kHz. The action of the sam-
pler is shown in fig. 3C. Figure 3D illustrates the 
output of a sampler that is taking samples at a rate 
of 8000 samples per second (twice the rate of the high-
est message component). Figure 3E shows the 
recreated message waveform after the samples are 
placed through a low-pass filter having a cutoff of 4 
kHz. 

In order to lay a foundation for the analysis and un-
derstanding of SS, it is instructive to look at the sam-
pling theorem from a different point of view. In the 
early 1800's, Fourier, a famous mathematician, ob-
served that most functions could be represented by 
a summation of sinusoids having different amplitudes 
and periods. In short, he laid the groundwork for the 
development of the celebrated Fourier transform. This 
transformation allows one to analyze a signal in the 
frequency domain rather than in the time domain. 

Frequency domain analysis can directly give infor-
mation pertaining to the bandwidth of a signal. Tables 
such as table 1 have been compiled which lists the 
Fourier transforms of many common signal 
shapes.111213 By analyzing the sampling circuit of 
fig. 3A in the frequency domain, we can better explain 
how and why the sampling theorem holds. 

From table 1, the Fourier transform of an impulse 
sampler is an impulse train in the frequency domain. 
Note that in the time domain (fig. 3C), the sampling 
action is effectively multiplying the input signal by a 
"1 " at each sampling instant, and multiplying by " 0 " 
in the interval between samples. Just as time signals 
have Fourier transforms, so do time operations such 
as addition and multiplication. The Fourier transform 
of a time multiplication is known as frequency convolu-
tion. Convolution is a fundamental concept in control 
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table 1. Time functions and their corresponding Fourier transforms. 

and communication theory, and is used to express the 
output of a system or filter in terms of the input sig-
nal and the system impulse response, (i.e., the 
response of the system to a sudden input signal). For 
this discussion, it is necessary to know only that the 
convolution of a band-limited spectrum (fig. 4A) with 
a frequency pulse train (fig. 4B) yields the original 
message spectrum replicated at each of the pulse train 
harmonics. Hence, by frequency domain techniques, 
we find that the output of an ideal sampler is the origi-
nal message spectrum replicated throughout the entire 
frequency domain and separated by integer multiples 
of the sampling frequency (fig. 4C). By low-pass filter-
ing the sampler output, we can recreate the original 
message exactly (fig. 4D). By the same token, we 
could bandpass filter the output of the sampler and 
also recreate the message, although this is not usually 
done. 

If the highest frequency of the input message ex-
ceeds one half of the the sampling rate, then an 

undesirable effect known as aliasing occurs. A s can 
be seen in fig. 4E, each adjacent message spectrum 
overlaps so that the LPF output is not the original mes-
sage, but rather a distorted signal. With frequency 
domain analysis, it becomes clear why the sampling 
frequency must be at least twice that of the peak fre-
quency component of the input. 

Before moving on, it should be noted that this quick 
look at the sampling theorem assumes an "ideal" 
sampler — one for which the sample durations are in-
finitely small. In reality, the sample durations are small, 
but finite. Taking this into account yields similar, but 
slightly more complicated, results. Figure 5 illustrates 
the spectrum of the output of a typical "real world" 
sampler. A s the sample widths become wider, there 
is less energy at the higher frequencies. This is why 
the sampler is followed by a low-pass filter rather than 
a band pass filter. Also neglected here are some ampli-
tude scaling factors that are involved in transforming 
between the time domain and frequency domain. 
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These subtleties are required in exact problem solv-
ing, but are not important in gaining a good under-
standing of the sampling theorem. Those interested 
in the finer details of the sampling theorem and Fourier 
transform techniques might find the references help-
f u l 11,12,13,14,16 

data communication 
Certain digital communication systems such as 

RTTY and packet radio, where the message text is 
originated by a keyboard rather than continuous-time 
speech, are known as data communication. In this 
case the sampling theorem does not apply, since there 
is no continuous time signal to sample. However, the 
data rate (the rate at which information can be sent) 
is a function of the number of bits used to represent 
each character, and is also a function of the time dura-
tion of each bit. 

For example, the American Standard Code for In-
formation Interchange (ASCII) prescribes that each 
keyboard character be represented by a unique 7-bit 
data word. The letter i, for example, is represented 
by the binary word 1101001. If each bit has a time dur-
ation of 1 millisecond, then any character may be sent 
down a channel in a time of 7ms. If a start bit, a stop 
bit, and a parity bit are sent along with the data, then 
one character can be sent every 10 ms. The data rate 
for this set-up would be 1000 bits per second (bps), 
or 100 characters per second.* Data communications 
of this type are termed "asynchronous" since the 
receiver never knows when the sender will depress the 
keyboard. The start bit and stop bit are the necessary 
overhead to identify each of the keyboard entries. The 
parity bit is used to validate the received data. Figure 
6 illustrates a complete asynchronous character word 
for the letter i. 

There is a trade-off between bit rate and occupied 
bandwidth of a digital signal. A good rough estimate 
is that the required bandwidth of a digital signal is 
equal to the reciprocal of the bit duration. For the 
previous example, the required bandwidth would be 
on the order of 

For a faster data rate, more bandwidth is required. In 
a band-limited channel, such as a commercial tele-
phone line, there is an upper limit on the bit rate. This 
is why home computer modems seldom exceed a data 
rate of 1200 bps.'6 While spread spectrum is well suited 
for either voice or data messages, the remainder of 
this article will consider only a voice message. Once 
the voice is "digitized," it is sent through the channel 
in the same manner as data. 

* In digital communications the bit rate is the same as the baud rate, so for 
this example the data rate is equivalently 1000 baud. 

quantization 

From the sampling theorem, we know that it is nec-
essary to send only the voltage values of the samples 
rather than the continuous time signal. If the sample 
values could be represented in a digital fashion, then 
we could take advantage of schemes that have been 
developed expressly for digital communication. In 
short, digital communications systems are able to out-
perform analog methods because signal reception is 
based on distinguishing whether a "0" or a "1" was 
sent, rather than trying to recreate a random continu-
ous time waveform directly. Schemes such as error 
correction coding and minimum probability of error 
receivers can be used to provide far superior perform-
ance when compared to analog communication tech-
niques. 

To represent the height of a sample value digitally, 
it is necessary to quantize the sample. For binary data 
(standard digital logic), the quantizing action truncates 
the actual sample value so that each sample is repre-
sented by a fixed number of bits (i.e., every sample 
is expressed by N bits) in the time between succes-
sive samples. Since it is conceivable that the samples 
can take on a continuum of values, there is some error 
introduced by the quantizer. However, if a limiter is 
used (to contain the voice signal voltage within the 
limits of the quantizer) and if there is a sufficient num-
ber of levels in the quantizer, then this error, known 
as quantization noise, is quite small. 

The quantizer is an important concept in digital com-
munications. The resolution, or the accuracy in which 
a sample can be represented, is directly related to the 
N, the number of bits used to represent each sample. 
For N bits, there are 2 N quantizer levels (sometimes 
called bins). 

An example is useful to clarify how speech can be 
quantized and sent down a channel as a digital bit 
stream. Figure 7 demonstrates how the sample values 
are assigned data words in a three-bit quantizer 
(N = 3). As indicated in fig. 7, there is some error intro-
duced because of the fact that each sample is repre-
sented by only a three-bit word. By using more bits, 
each sample can be more accurately represented. Sur-
prisingly, though, even with only three bits of quanti-
zation, intelligible speech can be transmitted.17 Once 
assigned a quantization data word, the truncated sam-
ple is converted into 1s and 0s and sent down the 
channel. The output of the quantizer is known as pulse 
code modulation, since the message has been coded 
into a train of digital pulses. Since N bits must be sent 
in the time between adjacent samples, the bit duration 
of the quantized data is 

T b „ = % <2A) 
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where Ts is the time between adjacent samples. Since 
1 

Ts = s Js 

each quantizer bit duration is given by 

T I 
'bit- N f s 

Hence, the bandwidth is given by 

BW = Nfs 

(2B) 

(2C) 

(2D) 

A practical method of sampling and quantizing is 
to use a sample and hold circuit followed by an analog-
to-digital (A/D) converter. The sample and hold is 
similar to the ideal sampler, except the sample height 
is held for the entire time duration between samples, 
and is updated at each new sampling instant. While 
the sample value is held at a constant level, it is con-
verted into a digital signal by the A/D converter. The 
end result is identical to that of fig. 7. 

To recreate the message, the digital bit stream is 
clocked into a digital-to-analog (D/A) converter. This 
undoes the effect of quantizing which the A/D had 

PARITY 
BIT 

fig. 6. A S C I I 10-bit asynchronous data character for the 
letter i. 

upon the original message samples. The D/A output 
is then low-pass filtered to transform the reconstructed 
samples into the original message. 

spread spectrum systems 
There are many types of spread spectrum systems. 

These include direct sequence (DS), frequency hop-
ping (FHj, time hopping (TH), chirp, and hybrid sys-
tems which combine several techniques at once. Only 
DS and FH are considered here, since these seem to 
be most easily implemented. Common to both of these 
types of S S systems is the need to generate and recon-
struct a PN (pseudonoise) code. 

To produce the DS spread spectrum signal, a PN 
code signal must be produced that has a bit rate (band-
width) much greater than that of the quantized mes-
sage. For FH spread spectrum, it is not so much the 
bit rate that matters as does the number of bits used 
in a complete cycle of the PN code. 

The PN code can be generated by a feedback 
arrangement of flip-flop stages. A flip-flop is a digital 
device which can store a binary value (either a 0 or 
a l l . Flip-flops can be connected in series to form shift 
registers. As the term implies, shift registers store 
several binary digits and shift them to the left or right 
each time an external clock pulse is received. 

The simplest PN codes (there are several types) are 
known as maximal linear codes, or m-sequences. 
These are produced by m-stage shift registers which 
use feedback to produce periodic codes that have N 
bits before recycling. For an m-stage shift register, 
there are N = 2m-1 bits in each period. Figure 8 illus-
trates a three-stage shift register. All three flip-flops 
of the shift register are clocked to the right simultan-
eously, and each time a clock pulse appears, a new 
binary digit appears at the output. Table 2 indicates 
the value held by each flip-flop for a given time inter-

SAMPLEO DATA QUANTIZER 

SAMPLE NO I SAMPLE NO. 2 SAMPLE NO. 3 SAMPLE NO 4 
, 1 v 1 > r _ J v ^ 

0 I I 12 14 5 2 3fs 3fs f. 3ts 3fs 
DIGITAL OUTPUT 

fig. 7. A three-bit word used to quantize sampled data. 
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fig. 8. Shift register generator for M = 3. 

table 2. Contents of Shift Register Stages for m = 3. 

stage 1 stage 2 stage 3 
initial contents 1 1 1 
clock pulse 1 0 1 1 
clock pulse 2 0 0 1 
clock pulse 3 1 0 0 
clock pulse 4 0 1 0 
clock pulse 5 1 0 1 
clock pulse 6 1 1 0 
clock pulse 7 1 1 1 

-f 5 y 

o r, Ztf 3tf 1', St, 6f , 7t, t 

fig. 9. Digital output of three-stage shift register. 

val. Figure 9 shows the digital signal that would be 
produced by a standard TTL circuit. 

To avoid confusion between the PN code and the 
actual message bit stream, the term chip is used to 
describe each bit of a PN code. For a chip duration 
of t i seconds, the periodic PN sequence repeats itself 
every Nt-j seconds. For the example shown in fig. 9, 
the same chip value would be seen every 7t i seconds 
apart. 

By changing shift register feedback paths, it is possi-
ble to generate many unique m-sequence codes, each 
having a period of N chips. The number of possible 
codes is important since it defines the maximum num-
ber of users that can be uniquely addressed, assum-
ing that each user has the same length shift register. 
The exact number of unique codes is dependent upon 
the number of shift register stages and the possible 
feedback paths. In general, the longer the shift reg-
ister, the more unique codes exist. However, as can 
be noted in table 3, when the shift registers consist 
of a prime number of stages, there is a maximum of 
c o d e s fo r a m i n i m u m o f ha rdware . 

Modular Shift Register Generators (MSRGs) such 
as the MC8504 are available for easy PN code gener-
ation. The MC8504 is a 16-pin chip that features four 
stages of an expandable shift register. They may be 
cascaded, and additional flip-flops (such as a 7474) 
may be added to implement an arbitrarily long m-
sequence. A nine-stage MSRG capable of producing 
48 selectable 511 chip codes is shown in fig. 10. 

Direct sequence (DS) spread spectrum. As 
shown in fig. 2A, the PN code is added with the digi-
tized message (usually PCM) to produce a digital signal 
that can be readily modulated. If one of the adding 
signals is wide band, then the resulting adder output 
signal is also wide band. Since the PCM has a band-
width on the order of the original message, it is neces-
sary to use a PN code which has a bandwidth several 
orders of magnitude larger than the message band-

width in order to obtain large bandwidth spreading. 
For this reason, the chip rate is typically run at speeds 
of several Megachips per second (Mcps). 

The output of the binary adder is fed into a balanced 
modulator. This modulator produces a particular car-
rier phase for a logic " 1 " and a 180-degree shifted car-
rier for a logic "0 . " Hot-carrier diodes are used in con-
junction with wide band transformers to produce the 
final RF signal. Figure 11 illustrates a double-balanced 
mixer, which is the most commonly used type of 
balanced modulator. The balanced modulator input 
and output signals are shown in fig. 12. While the out-
put waveform appears simple in the time domain, fre-
quency domain analysis reveals that there is a wide 
band of frequency components centered around the 
nominal carrier frequency. 

In a DS-SS receiver, just as with any RF receiver, 
it is first necessary to bring the modulation down to 
baseband. This is accomplished by mixing the received 
signal with a local oscillator that is adjusted to the 
transmitter's frequency. Then, the coded signal must 
be matched with an internally generated PN code. This 
is accomplished by binary addition. If the internal PN 
code generator is not correlated with the incoming sig-
nal, the resulting adder output is called code noise. 
However, when the internal code is synchronized with 
the incoming signal, the output of the binary adder 
collapses to the original digital message bit stream. A 
manual tuning dial can be used to adjust the phase 
of the code generator until synchronization is obtained. 
Better yet, a microprocessor can be used to automati-
cally adjust the receiver PN code phase. Once synchro-
nized, the demodulation may be accomplished by 
using a D /A converter followed by a low pass filter. 
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table 3. Characteristics of M-sequences of various 
length. 

M stages maximum number number of chips 
of unique codes per period 

3 2 7 
4 4 15 
5 6 31 
6 4 63 
7 18 127 
8 16 255 
9 48 511 

10 60 1023 
11 176 2047 
13 630 8191 
20 19,200 1,048,575 
30 11,880,000 1,073,741,823 
61 3.1 x 1016 2.3 x1018 

B SWITCHES FOR CODE SELECTION 

REPEAT 

fig. 10. Implementation of nine-stage MSRG. 

Since the receiver uses an internal clock signal for code 
reconstruction, the low pass filter could be of the 
switched capacitor variety. 

It is important to note several points of practical in-
terest. Obviously, the receiver must tune to the 
sender's transmitting frequency in order to establish 
the possibility of communication. This suggests that 
calling frequencies would be advisable for the first 
Amateur attempts at DS-SS communication. Further-
more, a standard shift register length (or a few agreed 
upon lengths! seems mandatory, since the senders 
and receivers must be able to match each other's PN 
code. A fixed chip duration is necessary, too, so that 
all stations would be ensured that they could synchro-
nize with the other users. 

Before leaving DS-SS, a word should be said about 
PN code length. In military applications, where secur-
ity is an important consideration, it is not uncommon 
to find PN coding schemes which use shift register 
stages of length 40 or greater. If each chip duration 
is 1 microsecond, then one cycle of an m = 40 PN code 
is completed in a time of 

(240-1) Chips x 

= 1.1 x 106 sec = 12.7 days 
Even if an interceptor listened in on this signal for 
several hours, it would appear to be a random jumble 
of binary digits. For long codes such as this, it takes 
a very long time to synchronize the receiver. On the 
other hand, if a shorter PN code is used (say, m = 13), 
then the entire code sequence is repeated every 8.3 
milliseconds! A code having such a short period can 
be synchronized quite quickly at the receiver end. 

Frequency hopping (FH) spread spectrum. In a 
FH-SS system (fig. 2B) there is a narrow band trans-
mission occurring at any given time instant. However, 
there is a wide range of frequencies from which the 
transmitter may select. The particular frequency select-
ed for use at any given moment is determined jointly 
by the digitized message bit stream and the PN code 
generator. 

The message bit stream is used as the least signifi-
cant bit (LSB) of an M bit data word. The PN code 
generator supplies the other M-1 bits. The data word 
is then used to determine the additive offset required 
to generate the proper frequency. Frequency hopping 
takes place over N = 2 M frequencies separated by in-
teger multiples of f i , where f i is the gap between ad-
jacent hop frequencies. The repetition rate of the 
frequency hopping sequence is determined by the 
number of stages in the PN code generator and by the 
speed of the chip clock. Since the generator supplies 
M-1 chips for each hop, the frequency hop sequence 
repeats every 

hops 
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maximum 
number of reference divider input 

part number frequencies frequency frequency control 
Hughes HCTR0347 45 50 Hz-500 kHz 10 MHz 8 bits parallel 
Nitron 6410 100 4.00 MHz 1.6 MHz 8 bits parallel 
Motorola 145104 256 10.24 MHz 4.0 MHz 8 bits parallel 
National DS8906 16384 10.24 MHz 120 MHz 20 bits parallel 
National MM5S110 1024 10.24 MHz 3.0 MHz 10 bits parallel 
Fairchild 11C84 128 10.24 MHz 20 MHz 7 bits parallel 
AD-TECH FS-2574 1000 10.00 MHz 258 MHz 10 bits parallel 

Figure 13 illustrates a typical FH transmission for the 
case of M = 3 and a nine-stage m-code generator us-
ing a 1-kHz chip clock. 

Typical values for a suitable FH system might be 
f i = 500 kHz and M = 3 bits. For this example, the to-
tal RF bandwidth of the system would be 

X frequencies x 500 - 4.0 MHz 

If the lowest frequency of the transmitter were 420 
MHz, the highest frequency used by this system would 
be 424.0 MHz. 

The frequency synthesizer is the key to an FH-SS 
system. Its operating characteristics (such as frequen-
cy range, switching speed, and hop duration) deter-
mine a system's capability. There are two major 
classes of synthesizers, the direct type and the indirect 
type. The direct frequency synthesizer uses filters and 
mixers and is seldom found in current Amateur gear. 
The indirect type uses phase-lock-loops (PLLs) to 
generate the desired frequency set. As a rule, indirect 
synthesizers are not as quick to switch frequencies, 
but are easier to implement. 

Figure 14 shows a block diagram of an indirect fre-
quency synthesizer. Those familiar with PLLs will im-
mediately recognize the structure. The reference 
frequency,//, is related to the output frequency,/), by 

f j = "j x f , 

since the VCO and the feedback loop forces f j / r t j to 
equa'//. As can be seen in table 4, indirect frequen-
cy synthesizers, manufactun ! by several IC compa-
nies, can produce output frequencies above 100 MHz. 
To achieve greater frequencies, multiplier stages must 
be added. 

The duration of a single frequency hop (th) may be 
longer or shorter than the duration of a message bit. 
If the message bit duration is longer than th, then the 
system is called a fast hop FH system since the hop 
rate is greater than the message bit rate. Otherwise, 
the system is termed slow hop FH. The advantage of 
a fast hop system is that if there is interference on one 
of the hop frequencies, the garbled message bit may 

still be present at the next hop frequency. For slow 
hop systems, error correction coding is needed since 
QRM on a given hop frequency could obliterate several 
message bits. 

Reception of an FH-SS signal is achieved by syn-
chronizing the receiver frequency with that of the 
transmitter's. Once synchronization occurs, the 
receiver output is identical to FSK, with the mark and 
space separated by f^ Hz. The demodulator can con-
sist of band pass filters which are compared to deter-
mine the value of the message bit. The actual message 
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is then reconstructed by using a D/A and a low-pass 
filter. 

Synchronization must be acquired in roughly the 
same manner as in the DS case. A computer shifts 
the M-1 bit PN code until the receiver tracks the trans-
mitter through each hop. As cited in the DS case, a 
shorter PN code period ensures quicker acquisition of 
the transmitted signal. 

With indirect synthesizer chips and MSRG chips 
readily available, it appears that FH systems could be 
constructed with slight modification to existing 
VHF/UHF gear. Certain standards such as hop dura-
tion, frequency band allocation, and the number of 
hop frequencies need to be developed, however. 

future of spread spectrum 
In late May, 1985, the FCC approved docket 81414, 

which allows the use of spread spectrum on all ham 
frequencies above 420 MHz as of May, 1986. Tempor-
ary authorizations are now being given to those 
Amateurs interested in experimentation. 

In less than six months from now, we'll have a new 

mode of communication unlike any other we've ever 
tried. With this new mode, our hobby may take a big 
step toward reaching state-of-the-art digital communi-
cation techniques. There's a lot of work to be done, 
though; defining protocols for Amateur SS will not 
be simple. 

conclusion 
The world of digital communications is a new, excit-

ing technological field, and the future is being shaped 
daily by advances in this area. As Amateur operators, 
part of our charter is to increase the reservoir of elec-
tronics experts. While we don't have to be experts on 
digital communications, it's probably good for us to 
know the how's and why's of what is going on around 
us. Perhaps this article has shed some light on a sub-
ject that, as timely as it is, has not been widely dis-
cussed in the Amateur Radio literature. 

For those interested in learning more about spread 
spectrum systems, the definitive reference is Spread 
Spectrum Systems, by Robert C. Dixon.17 Dixon's 
book was the first on the topic, and has recently been 
revised to include discussions about practical hardware 
considerations. Also good is a book just released: 
Modern Communications and Spread Spectrum by 
C.D. McGillem and G.R. Cooper.13 This book treats 
practically every type of modulation method and high-
lights some of the more important concepts of SS 
communication. 
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a packet radio primer 
General information 

to get you started 

Packet is the most exciting thing to hit ham radio 
since voice communication. It far overshadows SSB 
in importance, and it will, I believe, have even more 
impact on Amateur Radio than the proliferation of 
repeaters in the early 1970s. 

At its simplest, packet radio resembles radio tele-
type. But there are differences between the two. First, 
a packet message is not transmitted as it is being 
typed. Instead, the characters are stored in a buffer 
and then sent in a block at the transmission speed of 
the link — up to 5,600 characters per second (cps) at 
220 MHz and higher frequencies, 1960 cps for 6 and 
2 meters, 120 cps on 10 meters, and 30 cps for the 
low bands. Thus, even in a hot-and-heavy QSO, trans-
mit duty cycle and channel utilization are low. 

Second, each packet station "knows" its own call 
and recognizes the messages addressed to it. A num-
ber of QSOs can occur on one channel simultaneously, 
yet each station in the connected mode* will have a 
screen clear of all messages other than its own 
contact. 

Third, because of computerized error checking, 
you'll see only perfect, noise-and-garble-free transmis-
sions (note that I didn't say "error-free"; I have a 
problem with my typing) unless you disable the error-
checking function. And that's just for starters! 

digital repeaters 
Packets can be repeatered. If you don't value the 

friendship of your fellow repeater users, packets can 
be put through your local 34-94 machine, but the rau-
cous buzz will drive the control operator, and anyone 
else monitoring, mad. The better method is to use a 
digital repeater or "digipeater." This is a very simple 
device — just a regular packet station. The scheme 
is quite different from a voice repeater. The digipeater 
receives the packet signal, stores it in digital form and 
checks it for errors. If there are no errors, the digipeater 
retransmits it. 

All operation is on one frequency — no duplexers 
are required, receiver desensitization by the accom-

'"Packetese" for being in QSO —Ed. 
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panying transmitter cannot occur, and each packet is 
checked for errors at each digipeater. Unlike voice 
transmissions via repeaters, packet messages can be 
sent long distances on the VHF/UHF bands by naming 
a number of sequential digipeaters to form a path to 
the destination. 

Although, at this moment, most packet activity 
takes place on 2 meters, there are a number of sta-
tions on both coasts operating "gateways," low band 
packet stations designed for long haul message pass-
ing with collection and distribution at either end via 
VHF or UHF. 

packet applications 
The four main uses for packet radio at the moment 

appear to be the following: 

• normal, rag-chew type QSOs. This of course, 
includes the exchange of any type of traffic between 
two stations; 

• direct message passing (if the destination station 
is running, I can leave a message on it, without the 
help or intervention of the operator); 

• Packet Bulletin Board Systems (PBBSs) simi-
lar to the telephone-accessed bulletin board/program 
exchanges used by computer hobbyists, and packet 
mail boxes, which are usually operated in conjunc-
tion with a PBBS. In these, a message can be left for 
a specific ham by call, for a group such as GLBers, 
or for everybody (in this ase, the call entered as 
"ALL") . Stations operating mail boxes usually trans-
mit the calls for which they hold traffic. Thus it is not 
necessary to "check into" the PBBS to know if you 
have mail. 

computer bulletin boards 
It's not necessary for your QSO to be with a real, 

live human. Back in the middle 1970s, several com-
puter operators in the Chicago area set up Remote 
CP/M (RCP/M) computers with personal message 
services, bulletin boards, and facilities to exchange 
computer programs, accessible to anyone with a tel-
ephone modem and a teletype or other computer ter-
minal. 

These "tele-computing" facilities have proliferated, 
and it's a poor town, indeed, that doesn't have at least 
two or three telephone-accessed, computerized bul-
letin board program exchanges devoted to some corn-

By David McLanahan, WA1FHB, Box 17, 
Marlow, New Hampshire 03456 



puter-related or other special interest. {The problem 
with these marvelous facilities is that if you really get 
into them, your telephone bill approaches infinity 
asymptotically.) 

This type of activity is a natural for packet radio, 
and packet bulletin board systems (PBBSs), usually 
running CP/M, are now springing up nearly every-
where. Many of these stations, based on surplus Xerox 
820 computer boards, use software donated to the 
public domain by Hank Oredson, W0RLI, and dis-
tributed by ARRL and through the Newington, Con-
necticut, FIDO-Net bulletin board (203 665-1114). 
These bulletin boards offer the advantages of their 
telephone counterparts without running up your phone 
bill, and offer an additional convenience: most have 
a "beacon," a short automated transmission an-
nouncing their presence at regular intervals. 

These PBBS beacons often include all ham calls for 
whom the board presently holds messages. Thus, 
unlike the telephone-accessed boards, you need not 
"log on" to know if you have mail; just monitor the 
channel and watch the beacon. In this application, the 
old ham expression of "reading the mail" takes on a 
new significance. 

for the future 
There are two precursors of things to come. The 

first is the concept of a "local user." This means that 
a ham tells area PBBS operators which PBBS he con-
siders "home." Messages left for him on other boards 
are then forwarded to his "home" board. This is now 
handled manually, but automatic forwarding is only 
a computer program away. 

Second, it's now necessary for a packeteer to deter-
mine the digipeater string and enter the calls manu-
ally. To assist with this, many PBBSs carry area sys-
tem maps showing digipeater calls and station 
locations (an abbreviated map is shown in fig. 1). 
However, as I write, a number of hams are working 
on computer programs that monitor digipeater traffic, 
picking up routes and maintaining a dynamic area map 
in real time. 

It doesn't take a great leap of imagination to see 
where all this is leading: automatic path selection and 
dynamic call forwarding, both "transparent to the 
user"; all you do is type the call and the computer and 
packet board does the rest (with a name/call file for 
your friends, all you'd need to type would be the 
name). We're rapidly approaching the point reached 
years ago by television's Napoleon Solo, who, when 
stranded on a remote Pacific isle, simply whispered 
"Open channel D," into his fountain pen. Our main 
unresolved technical challenge will be to place a work-
able (and comfortable) keyboard on the side of the 
pen! 

There is one thorn in this rosy future: channel space. 
I've said that packet transmission is error-free, but I 
carefully avoided any reference to transmission times. 
At the moment, channels are relatively quiet, and over 
short paths things can happen quickly. For example, 
working through two 2-meter digipeaters handling little 
or no other traffic, packet delivery times run on the 
order of 4 to 5 seconds each. This is quite reasona-
ble. But, add a few more QSOs, a longer path (several 
digipeaters), or someone using a PBBS (which shovels 
out long program or message packets as fast as it can), 
and things bog down quickly. 

While we're on the subject of transmission speeds, 
two additional notes are necessary. First, the speeds 
given at the beginning of the article are FCC-permitted 
maxima. While 300 Baud (30 cps), the legal maximum, 
is used on the low bands, on 2 meters the universally 
used speed is presently 1200 Baud (120 cps) rather 
than the allowed 19.6 kilo-Baud, purely because the 
1200 will go through a normal voice channel while the 
higher data rates (which require greater bandwidths) 
will quickly run aground in the intermediate frequency 
amplifier and audio circuitry of a normal voice rig. 

Second, 1200 Baud sounds like a nice, snappy 
exchange rate, particularly if you're accustomed to a 
300 Baud terminal. Sorry about that; the 1200 Baud 
is the character transmission rate. When it comes to 
actual message or data exchanges, the through-put 
(useful traffic passed) will be at a much lower effective 
speed, especially if noise or a busy channel forces 
repeats of transmissions. This is due to overhead 
within the packet (message header and such) and the 
necessity of getting acknowledgement for each 
packet. 

Of course, packet activity has no way to go but up 
as more people get involved. Again, we have techni-
cal solutions that will (we hope) be here before the 
problems are — inexpensive "ham type" digipeaters 
up at UHF and microwave where transmission speeds 
can be increased dramatically. This doesn't mean 
you'll have to put a 1296 MHz rig in your car; local 
traffic can still be handled on 2 meters, but the heavy 
and long-distance communications can go on the 
microwave links. 

equipment 
You need only three pieces of equipment to oper-

ate on packet radio: a 2-meter transceiver (nothing 
special, that old rock-bound clunker in the basement 
will probably do, with some tuning); a Terminal Node 
Controller (TNC — the actual "packet board"); and 
a computer or computer terminal with which to 
communicate with the TNC. 

Of course, there are always other ways. If you want 
to save time and reduce aggravation, there's the Pack-
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Our Very-Hard to Find Components List 
Semiconductors 

MRF208 SI 2.00 MRF-901 S 1.75 MPSH-81 S .50 1N6263 S 75 
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MRF454 . . , 20.00 MC1723G . . 2.80 1N4148 . . .30 2N5990 280 
MRF-644 . 27.60 MC3105 2.50 1N4997 1 50 2N5991 3.00 
MRF646 29.90 MC78L08CP . . .50 1N5400 .35 2N6486 1 25 
MRF-648. . . 33.50 MPS-2222 .36 1N5363A , 2,00 
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The Written Word Via Radio 
Why spend money on phonellne rental and modems when you 
can Install an AEA, PKT-I PACKET RADIO CONTROLLER and 
send any alphanumeric Information via (your existing) radio? 

• Send any text, data, or program file, error free, to a remote screen, disk 
or printer. 

• Data rates to 4800 Baud, dependent on FCC-allowed bandwidth. 
• RS-232 connection to any terminal/computer configured as DTE. 
• PTT, audio in and audio out are the only connections to any (FM, 

SSB, PSK, etc.) transceiver. 
• 12 VDC operation allows portable/mobile operation. 
• Extend range and/or avoid line-of-sight obstacles or multipath problems 

by using other packet stations as store-and-forward Digipeaters. 
• Low cost: Typical total system costs are $500-$1000. 

Connect your warehouse and office persuridl computers and send customer 
orders. . Connect your Emergency Service or Search and Rescue base to field 
locations and send "equipment needed" lists.. . Send written dispatches to your 
fire, police, aid car. water department locations. . . Send avalanche sensor infor-
mation automatically from remote highway sites. . . Control your irrigation equip-
ment or your readerboard signs remotely... Receive security system messages 
from a break-and-enter site... Share bulletin board files at radio-remote 
sites . .Send patient info to the receiving hospital from the triage 
hospital \ Communicate using battery power when phone lines are down. 

Your imagination is the only limit. Call John Gates, circle 
reader service number, or send coupon for fast response. 
Dealer inquiries invited. 

Packer ContrpUef 

Advanced Electronic 
Applications Inc. 
Box C-2160 
Lynnwood, WA 98036 
(206) 775-7373 

AEA. Inc . Box C-2160. Lynnwood. WA 98036 
Send PKT-I information tir 

Name 
Address 
City/State 
Zip Call me at 
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fig. 1. At right is a graphic repre-
sentation of Packet Radio links 
believed to exist on 145.010 MHz 
on the East coast of North 
America. The area covers part of 
Canada and extends to North 
Carolina. Another file, called 
SOUTMAP.NNN, covers the area 
from Virginia south to Florida. 

Included in these maps are digi-
peaters, Packet Bulletin Board 
Stations (PBBS), and home sta-
tions usually left on for digipeat-
ing. Updated maps covering this 
and other areas are available from 
stations running W0RLI-compat-
ible software for PBBSs, mail-
boxes and/or gateways; these sta-
tions are indicated by the use of 
the character preceding the 
call sign. 

The primary routes used for mail 
forwarding in EASTNET are 
marked with asterisks (**»*), 
while other links are shown by 
either | \ or / as connecting 
characters. All " * * * * " routes are 
presently on 145.010. In the Balti-
more/Washington area .050 is 
heavily used for local traffic. Links 
on 145.050 MHz in Maryland, 
West Virginia, and Pennsylvania 
are connected on this map by 
dots. 220 MHz trunk links will 
parallel 145.010 in the future. 

To improve readability of this 
linking you mi£ht want to use felt 
tipped pens to outline the various 
linking paths. Links marked with 
a question mark indicate a link of 
unknown reliability. If any links 
shown on this map prove to be 
unreliable or nonexistent, please 
drop me a note. Send the info to 
me, K1HTV @ W3IWI, via one of 
the many auto-forwarding PBBBs 
or via the U.S. mail (see Callbook 
for address). 

Thanks to Rick Zwerko, K1HTV, 
one of 10 acting directors of the 
Mid-Atlantic Packet Radio Council 
tMAPRC). Formerly Vice-Presi-
dent for Operations, AM SAT, 
Rick also served as a member of 
the AMSAT Board of Directors 
and was past president of the 
Northeast VHP Association. 

- WA1FHB 
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eterm, a portable unit ($995) that combines a TNC and 
a computer terminal in one sleek-looking designer case 
(see photo). If you go that route, you can disregard 
the rest of this article and be on the air half an hour 
after unpacking the box . . . 

I claim no special expertise in the area of 2-meter 
transceivers. I 'm using an Azden PCS4000 because I 
happen to have it. and it's working fine. The only cav-
eat is that most 2-meter packet activity is below 146 
MHz and some of the older narrow-band equipment 
needs a tweak to get down there. 

I 'm using a GLB PK-1 Terminal Node Controller. I 
chose it because it appears to be the least expensive 
one available ($165). At 4-1/2 x 9-1/2 inches (11.4 x 
24 cm) it's also the smallest one I've seen. It also 
requires only a single-voltage power supply ( + 1 2 V D C 
at 170 mA) and it doesn't mind "mobile-type" voltage 
excursions; I've used it from 14-112 to 9 volts without 
a hiccup. And, like other TNCs on the market, the 
Z-80-based GLB features "dynamic programming"; 
the manufacturer frequently releases a new R O M 
offering enhanced and improved features. 

Other TNCs are available from Vancouver Amateur 
Digital Communications Group, Tucson Amateur 
Packet Radio, Heath, AEA, Kantronics, Ashby, and 
Packeterm, to name a few (fig. 2). Richardson soft-
ware converts a TRS-80 Model 1, 3, 4, or 4P into a 
computer/TNC*. 

The last necessity, the terminal, offers the most 
opportunity for self-expression. It can be anything 
from a Model 15 Teletype to a microcomputer such 
as a Sinclair ZX-81 or a Commodore 64. The 
microcomputer route is the most popular. Of course 
the micro must have a serial port (or an adapter to pro-
vide one) as well as a modem program. (The Model 
15 Teletype was preprogrammed at the factory.) 

getting started 
A s with everything else, the most difficult part is 

getting started, especially if you don't have a packet 
Elmer around. You'll need either a reasonably local 
packet station that will give you a strong signal or two 
set-ups that you can work back-to-back. A n indepen-
dent monitor receiver is a big help. 

There's nothing special about the monitor receiver. 
It can be any kind of tunable or fixed-frequency rig 
capable of receiving your area's packet channel(s). Be 
aware that some of the programmable (no-crystal) 
scanners won't tune lower than 146 MHz without 
special measures. For example, on my 16-channel 
Regency "Touch, " Model ACT-T-16K, I must press, 
in order, M A , 9, CL, PR, then key in the frequency 
I want, and hit PR again. 

'Synchronous Packet Radio Using the Software Approach — AX.25. by R.M. 
Richardson, W4UCH. available from Ham Radio's Bookstore. Greenville, NH 
03048 ($21.95 plus $3.50 postage 8- handling) 

fig. 2A. Cynthia " S a m " Hensley, KY1D, operates Packeterm' " 
IPT, a portable terminal and T N C combined in one unit, f rom 
s u m m i t of Pitchor M o u n t a i n in Stoddard. N e w Hampshire. 

This receiver is then set up on its own 1 /4-wave 
whip near your packet station. Because a TNC requires 
a better signal to noise ratio than voice, if another sta-
tion sounds reasonable on the quarter-wave whip, it 
will probably be fine for packet, assuming that you are 
using an outdoor gain antenna for the packet tran-
sceiver. 

The monitor is used, first, to compare your station's 
deviation with others in the neighborhood, and, sec-
ond, to keep track of when (and how) your station is 
transmitting. After your packet set-up is thoroughly 
established and proven, you may wish to return this 
radio to its prior service monitoring the local police, 
but till then it'll be invaluable in getting you started. 

To begin with, you have to gel your computer or 
terminal working with your TNC. This requires, first, 
an RS-232 interface from the computer or terminal to 
be connected with the RS-232 interface on the TNC, 
and, second, if you're using a computer, driver soft-
ware (usually a "Modem" or "Terminal Emulator" pro-
gram) to access the RS-232 port. Because the 
programming depends on the brand and type of com-
puter used, I'll leave that part to you and your soft-
ware dealer or local computer guru. 

I can, however, provide some advice on using the 
RS-232. 

the RS-232 
First, the actual RS-232 specification doesn't define 

a physical connector, although a DB-25 is usually 
used. Second, RS-232 defines interfaces for modems 
and for terminals, but not for computers. Third, two 
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identical RS-232 interfaces (two modem interfaced or 
two terminal interfaces) won't work together because 
both will be transmitting data on one line and both will 
be "listening" on another line. Therefore, before you 
actually hook things together, compare the instruc-
tions for your computer and your TNC. 

Normally, the computer will talk (transmit data, data 
out, or TxD) on pin 2 of the DB-25 and the TNC will 
listen (receive data, data in, or RxD) on the same pin 
number. If your literature shows that your two devices 
work this way, use a pin-for-pin cable. If, on the other 
hand, both units are talking on the same line, you'll 
have to swap pins 2 and 3 at just one end of the cable. 
(If you make the swap at both ends, you're back where 
you started!) Along with that swap, go swaps on 
several of the control lines, although ground always 
remains on pins 1 and/or 7. Check your literature. 

If you find that you do require some line swaps, but 

fig. 2B. Packet terminal units from (A) A E A . IB) Heathkit. and 
(C) Kantronics. 

all you have is a pin-for-pin cable, check its connec-
tor type. There are three types of DB-25 connectors 
in common use commercially: insulation displacement 
connector (IDC), crimped onto ribbon cable; solder 
cup connector with wire leads soldered in as required; 
and crimp-type, where the pins are crimped onto the 
wires and then popped into the connector shell. 

If you have only a ribbon cable, you're stuck. With 
the solder cup connector, changing conductors 
around is relatively simple, assuming that you have 
both patience and a small soldering pencil. Changing 
the pins around on the crimp-type connector is even 
easier than resoldering if you can get the little plastic 
insertion and extraction tools. Both tools (which slip 
together for storage) are slotted lengthwise for slip-
ping over the wire. The tool is then slid down the wire 
so that its point enters the back of the connector block 
around the connector pin. Gently puling the wire slides 
the pin out of the block. Reinsertion is just the reverse. 
Place the tool on the wire up against the pin and use 
the tool to seat the pin in the block. 

Although these tools are inexpensive, they may be 
difficult to find. Made of plastic, they will break in time. 
You might try purchasing several from an industrial 
distributor who stocks the connectors. 

listening to the data 
If you're sure the wiring is under control but the in-

terface still doesn't work, check to make certain that 
both units are really transmitting data when they 
should. Look at the TxD line from the computer. (An 
oscilloscope is ideal for this but you can use the audio 
channel of your video monitor, if it has one, or another 
audio amplifier and speaker. 

Remove the plug cover from the cable connector 
at either end. Make sure that the audio channel ground 
is connected to the computer system ground. With 
the volume of the audio channel set low (to avoid ear-
shattering surprises) check the audio by touching the 
exposed audio connection with your finger while the 
rest of your body is ungrounded. You should get a 
loud A C hum. Then, using a small-gauge conductor 
wedged into the back of the DB-25, make contact 
between either pin 2 or pin 3 and the audio input. 

Now try a command to the TNC. With the GLB 
PK-1, the first thing it wants to see is a carriage return 
< c r > to establish the baud rate, which should be 
9600 Baud or slower. (The baud rate between TNC 
and "terminal" has nothing to do with the "on the air" 
data rate of 1200 Baud.) When the GLB receives its 
carriage return, it responds with a dozen-character 
sign-on. If serial data is present on the line you've 
chosen, you'll get a raucous buzz (or a short burp) for 
a single character like the < c r> . Try this a couple of 
times. If the power doesn't come on cleanly (i.e., 
bounce in the power switch) it can discombobulate 
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the GLB's initialization routine. Hit GLB reset and try 
< c r > again. 

If you still don't get the buzz, the most likely cause 
is that a required RS-232 control signal is not being 
handled properly. Of course, this requires a check of 
the RS-232 specifications as interpreted by the two 
particular devices that are giving you grief. For exam-
ple, with the GLB PK-1, check to see that the com-
puter or terminal is putting a high (>3VDC) on RTS 
(Ready To Send! (DB-25 pin 4 on the GLB), and that 
the computer doesn't need more control signals than 
the high that the GLB puts on its CTS (Clear To Send) 
(DB-25 pin 5) line. 

If either the computer or the TNC is not getting the 
control signal(s) it requires, you won't hear data on 
either line from the end(s) with the problem. Check 
your control lines with a VOM. 

Once the terminal-TNC interface is working, you are 
ready to hook the TNC to your transceiver, following 
the TNC manufacturer's guidelines. 

Now see if you can receive. Connect all the equip-
ment up and turn it on, instructing your packet board 
to display everything without checking the packets for 
transmission errors ("Garbage mode" on the GLB, 
SG-E). Wait for activity on the channel (as indicated 
by your transceiver's S-meter or the monitor radio) and 
see if it prints. (Very short transmissions may be con-
nect requests or acknowledgements that will not yield 
a printable message.) If that works, try transmitting. 
Send anything and compare the sound of your trans-
mitter through the monitor radio with the sound of 
another packet station. If your signal doesn't sound 
raspy and disagreeable, your audio is set too low. 

talking to yourself — by radio 
If the audio sounds okay, try talking to yourself 

through the other station. Program your call as the 
destination as well as the originator, making sure that 
the SSID numbers (usually zero) are the same. Then 
type in the call of the other packet station or digipeater, 
again watching the SSID. Many digipeaters use an 
SSID of one, with zero used by the trustee's home 
station. W1 AW has several packet stations with SSIDs 
running up to 5! With the GLB your destination is set 
with SD and your digipeater(s) with SV (send via). 

Now issue the command to connect (AC on the 
GLB). Your transmitter should come on for a short 
period (less than a second) followed almost instantly 
by a similar-length transmission by the other station. 
Your terminal should then "ring its bell" and display 
-Connected to < your call > . Now type a short mes-
sage and hit your "dispatch" character (on the GLB 
this defaults to a line feed). The message should be 
duplicated almost immediately on your screen, then 
be followed in a second or two by another bell and 
an -Ack. 

The -Ack means that the "receiving-you" has 
acknowledged the message back to the "sending-
you." If the -Ack is not received by the TNC, the mes-
sage will be held in the TNC's buffer and the trans-
mission repeated. With the GLB, to disconnect, type 
Control-C. When disconnect is complete, the screen 
will show #1. 

If all that worked, you're ready for a real, live QSO 
or a longer path test. On multi-hop self-connects, you 
must provide the entire round trip in the digipeater 
string. (Like any other computer, the TNC is wonder-
ously fast but very stupid.) Thus to self-connect 
through W1AA-1, W2BB-0, and W3CC-1, for exam-
ple, your string must read W1AA 1, W2BB 0, W3CC 
1, W2BB 0, W1AA 1. 

If all this works, you're home free. If questions or 
problems arise, you can connect with another pack-
eteer in your area and ask for help. You can also 
access your local PBBSs. Start with the one that's on 
the shortest, quietest, most reliable path until you get 
the hang of it. (The wee, small hours of the morning 
are the best time for this experimenting.) All you have 
to do is connect with the PBBS station, then be 
patient while it announces itself and gives you its 
prompt line ending with CP/M's > . It will then be 
looking for a letter command followed by a carriage 
return (and on the GLB, a line feed to send the 
packet). For starters, try an " H " (for Help). It should 
reward you with a list of its commands and explan-
ations. If you have a printer, turn it on so you'll have 
a hard copy for future reference. 

Of course, there's a great deal more to packet radio 
than I've mentioned here, and the field is changing 
rapidly, but, as the Chinese say, "The longest jour-
ney begins with but a single step." As with any 
Amateur Radio activity, the biggest and most impor-
tant step is just getting on the air so you can contact 
fellow hams. I trust that you'll enjoy the rest of this 
unending journey. 

ham radio 

for further reading... 
A special package of four back issues of ham radio, featuring 
the following Packet Radio articles, is available from Ham 
Radio's Bookstore: 

"Amateur Packet Radio, Part 1," by Margaret Morrison, 
KV7D and Dan Morrison, KV7B, July, 1983; part 2, August, 
1983. 

"Packet Radio — the Software Approach," by Robert M. 
Richardson, W4UCH, September, 1984. 

"The New Industrial Revolution: Packet Radio and Local 
Area Networking," Cornell Drentea, WB3JZO, December, 
1984. 

The special price for the four-issue package is $14.95; single 
issues are priced at $5.00 each (postpaidl. 

Ham Radio's Bookstore • Greenville, NH 03458 
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automatic frequency and deviation tester 
for packet radio 

Measure your 
packet signals 

from the comfort 
of your home 

Recent observations of packet radio signals re-
vealed some startling facts. Several stations intending 
to be on 145.01 MHz were found as much as 3 or 4 
kHz off frequency. Deviation levels also varied quite 
a bit. 

Off-frequency operation and overdeviation cause 
distortion of the audio signal. Too little deviation 
results in a poor signal to noise ratio. In all these cases, 
the result is the same: a modem is less likely to demod-
ulate the signal properly. Packets are retransmitted an 
excessive number of times and the channel gets clog-
ged up. 

The New England Packet Radio Association tried 
to improve the situation by having a calibration ses-
sion at one of the regular meetings. A frequency 
counter, deviation meter, and qualified engineers were 
present to make sure everybody's equipment was pro-
perly adjusted. There was plenty of advance publicity, 
but no more than a few people bothered to bring their 
equipment. 

Several months later a new beacon appeared on the 
air, transmitting "WB20SZ> BEACON: frequency/ 
deviation tester available." During the first few days 
of operation, many stations connected and received 
the following message: 

"Welcome to the WB20SZ automatic frequency/devi-
ation tester. Instructions: 

1. Send several non-blank lines. 
2. Wait for reply after each. 
3. Ignore any occasional erratic values. 
4. Disconnect when done. 

Recommended deviation is no more than 3 kHz. Any-
one who disagrees with the results is invited to supply 
a reference more accurate than my 2AT. John" 

Each time a packet was sent to the automated sta-
tion, a reply was sent back in the form, "Your fre-
quency is about 1.8 kHz too high. Deviation is about 
2.6 kHz." 

circuit description 
The voltage from the detector of an FM receiver is 

proportional to the frequency of the incoming radio 
signal. Extracting the DC component of this will pro-
vide a measure of the carrier frequency. The peak 
amplitude of the AC component is proportional to the 
deviation. Figure 1 shows a block diagram of a system 
designed to extract these parameters. 

The first step is to obtain a DC-coupled signal from 
the demodulator of your FM receiver. The entire signal 
flow from receiver to computer is shown in fig. 2A 
and the individual circuits detailed in the figs. 2B 
through 2E. Figure 2B contains a circuit used with 
an old VHF Engineering transceiver; it should work 
with anything else using an LM 3065, an MC 1358, or 
a CA 3065 quadrature detector. (This part will have 
to be customized for your particular rig.) It produces 
a zero volt output for a carrier on the desired frequency 
and changes by a half volt for each kHz change. 

The next step is to extract DC and AC components 
of the signal with low- and high-pass filters (fig. 2C). 
U2 and associated components form a low-pass filter. 
Their output is proportional to the amount the incom-
ing signal is off frequency. For example, - 1 . 5 volts 
means the signal is 3 kHz too low. 

The AC component, of course, is the audio. It is 
extracted by a high-pass filter composed of C3 and 
R12. This is fed through a full wave rectifier, peak 
detector, and another low-pass filter. R14 limits the 
peak current out of U4. (Without it, nasty spikes 
appeared on the power supply output). R18 boosts the 
gain slightly above unity to compensate for a small loss 
in the high-pass filter and peak detector. The result 

By John W. Langner, WB20SZ, 115 Stedman 
Street, Chelmsford, Massachusetts 01824 
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fig. 2A. Radio interface. 

table 1. Integrated circuit pin designations for the 
supply lines. 

ground + 5 volts - 1 2 volts +12 volts 

555 1 8 
741 4 7 
ADC 0804 10 20 
1458 4 8 
74121 7 14 
AY-5-1013 3 1 2 

is a voltage proportional to the peak deviation, again 
0.5 volt/kHz. 

To build a useful piece of test equipment, connect 
these voltages to a pair of meters. You can also inte-

grate your system with a computer to open up many 
possibilities for automated operation. If you have a 
computer with joy stick input, you already have a pair 
of analog-to-digital converters and don't have to build 
the rest of the circuit. For those with computers not 
intended for playing games, additional external cir-
cuitry is required. 

The analog voltages must be converted to digital 
signals the computer can understand. This is accom-
plished by the ADC0804 A/D converters in fig. 2D, 
which convert a voltage in the range of 0 to 5 volts 
into a corresponding number in the range of 0 to 255 
in less than 20 microseconds. U7 and U8 determine 
when to start the conversion. CR3 through CR6 pro-
tect the inputs of U5 and U6 from voltages that could 

42 SB December 1985 



damage them. CR3 through CR6 should not conduct 
during normal operation. 

A purist may wish to connect a precision 2.5 volt 
reference to the VREF pins. In its absence, internal 
voltage dividers use one half of the 5-volt supply. 

When should the A / D converters be commanded 

to start the conversion? You wouldn't want to do it 
when an audio carrier is first detected because the low-
pass filters wouldn't have had time to settle down. And 
you can't do it after the computer has received the 
packet contents from the TNC (terminal node con-
troller) because the audio signal is long gone. I decided 

® 

DEMODULATOR 
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CA 3065, 
LM 3065 

'2 1458 
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R 3 

IOM 

15k 

- W v -

/£ If 9 H 
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fig. 2B. Parameter extractor. 
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fig. 2D. Parallel to serial converter. 
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08—2SP 
R39 CONNECTOR 
II I 1 

fig. 2E. 

to sample the analog signals after the audio carrier had 
been present for approximately 200 milliseconds. This 
provides sufficient time for the analog components to 
settle down but is before the end of the shortest 
packet. A carrier detect signal is available at pin 5 of 
the parallel connector on the back of a TAPR TNC.* 
AEA and Heathkit units, similar to TAPR's, are prob-
ably the same. 

The computer I 'm using doesn't have any parallel 
input, but does have a spare serial (RS-232) port. The 
remainder of the circuit converts the parallel data into 
serial form for communication with the computer as 
shown in fig. 2E. 

* Tucson Amateur Packet /?adio. 

When the computer wants to obtain the most recent 
measurements, it sends a character to the circuit. The 
UART (U9) converts the serial character to parallel 
form and causes U10 to generate a pulse. The least 
significant bit of the character comes out of pin 12 and 
selects one of the A/D converters. The pulse from U10 
causes the UART to begin conversion of the data from 
parallel to serial form. 

The connections shown for P1 assume a computer 
port expecting a terminal. If using a modem port, use 
a DB-25S connector instead and swap the connections 
to pin 2 and 3. 

U11 determines the speed for communications. R32 
is adjusted for a frequency 16 times the desired baud 
rate, for instance 19200 Hz for 1200 baud. The corn-
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approximate 
Hem description quantity cost 
C I . C 5 0.15 t,F mylar (could 2 0.48 

use 0.1 * 0.047/ 
C2.CS 0.22 my/or 2 0.33 
C3.C10.C14 0.1 i.F d/sc coramlc 3 0.15 
C4 2 ..F electrolytic (could 0.34 

use two 1 n F; 
C7.CH 220 pF mica 2 0.42 
CO I i.F eloctrolytlc 0.17 
C11.C12 tQO pf mica 2 0.35 
C I 3 0.0068 mylar (could 

use 0.0047 » 0.0022) 0.24 
cutCRT IN4148 or similar 7 0.10 
PI DB-2SP connoctor 2.39 
0 1 . 0 3 2N3904 0/ similar NPN 2 0.25 
0 2 2N4403 or similar PUP 0 25 
RI.R2.R22.R24. 
R25.R27.R34.R35 10 kilohm 
R3 10 kilohm. trim pot 0.29 
R4.R36 15 kilohm 
RS 12 kilohm 
R6 5 kllahm, 15 turn trim pot 1 19 
R7 2.2 kllonm 
ns.ru> 180 kilohm 
H9.m0.R16. 
R17.R26 100 kilohm 
R l l . f l 13 57 kilohm 
R12 5.6 kllolun 
H 1.1 12 ohms 
R I 5 8.2 *l!homs 
R | 8 6 Megohms 
R20.R21 2,7 ftflohms. 'closcly matched 
R23.R31.R38.R39 I mlo(im 
R28 200 kllahms 
R29.R30 18 kllohms 
R32 2 ftlfohms. 15 turn trim pot 1.19 
R33 3.6 kilotims 
R37 4.7 kilotims 

fixcd I/-1 watt resistors 0.06 
UI.U3 1450. dufll op amp 2 0.S9 
U2.U4.U12 741, op amp 3 0,35 
US. US ADC 0804. analog to 

digital converter 2 3 49 
U7.UII 555. timer 2 0.39 
UB.UIO 7112!. monostable multivibrator 2 0.39 
U9 AYS-i0l3A. UART 3.95 

Approximate total S28.00 

'not in 1 ho catalog; possible substitutions are indicated. 

fig. 3. Point-to-point wired circuits. 

pleted point-to-point wired circuits are shown in f i g . 
3. Pin designations for the six integrated circuit sup-
ply lines are provided in table 1. 

s o f t w a r e descr ipt ion 

In the automatic answer mode, the station "adver-
tises" the service available by beaconing and waiting 

/* Snatch values from A/D */ 
/* converters before they */ 
/* have more of a chance to */ 
/* change. */ 

n f r e q = adc_sample(0); 
n d e v = adc_sample(1); 

/* Any processing of */ 
/* received record is now */ 
/* done. */ 
/* This could include placing */' 
/* on screen, printing, */ 
/* saving in a disk file, */ 
/* etc. */ 

/* Process calibration data. */ 
/* First scale and convert */ 
/* to decimal digits. */ 

/* Ignore blank lines. */ 

if (Rrec len > 0) 
( 

/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 
/ * 

/ ' * 
/ * 

/ * 

n_f req=((n_freq-128 )*100)/128; 
n_dev = (n_dev * 100) / 2 56; 

forjmat(n_freq, s freq); 
for_mat(n_dev, s_clev); 

/* Package compactly for */ 
/* screen or log file. */ 

if (n_freq > 0) 
strcpy(s_compact, "[ + "); 

else 
strcpy(s_compact, "( "); 

f ig. 4. Segment of a routine executed w h e n connection 
is first established. 

Approximate conversions: * / 
{Extreme val ues won' t get * / 
thru most receivers. ) * / 

* / 
freq raw f i na 1 text * / 
offset data numbe r result * / 
( kHz ) * / 

* / 

-10 0 -100 " -10.0" * / 
-5 64 -50 " -5.0" * / 
0 128 0 " .0" * / 

+ 5 192 50 " 5.0" * / 
+ 10 255 100 " 10.0" * / 

* / 
deviation V 

* / 
0 0 0 " .0" * / 
5 128 50 " 5.0" * / 

10 255 100 " 10.0" V 
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norm_str("Welcome to the WB20SZ 
automatic frequency/ 
deviation tester."); 

norm_str(" "); 
norm_str("Instructions:"); 
norm_str(" 1. Send several 

non-blank lines."); 
norm_str(" 2. Wait for reply 

after each.") ; 
norm_str(" 3. Ignore any 

occassional erratic 
values . " ) ; 

norm_str(" 4. Disconnect when 
done."); 

norm_str(" "); 
normstr("Recommended deviation 

is no more than 3 kHz."); 
normstr("Anyone who disagrees 

with the results is 
invi ted"); 

norm_str("to supply a reference 
more accurate than my 
2AT. " ) ; 

norm_str(" ");' 
norm_str(" John"); 

/* Open the log file. */ 
/* Use the radio call with */ 
/* ".CAL" for file type. */ 

strcpy(temp,call); 
strcat(temp,".CAL"); 

Fp_cal_log = fopen(temp,"a"); 

now = time(0); 
my_time(Snow,date_and_time); 

fprintf(Fp_cal_log, 
"%s %s, %s\n", f_name, 
l n a m e , date_and_time); 

/* Find out if direct */ 
/* connection or via */ 
/* digipeater(s). */ 

function_key (F_TNC_COMMAND); 
hang_around (1); 
function_key (F_CONNECT); 
normal_key (CR); 
hang_around (1); 
function_key (FCONVERS); 

/* Another routine, that */ 
/* determines types of */ 
/* messages from TNC, stashes */ 
/* away the connection path. */ 
/* The closest digipeater, if */ 
/* any, is put in */ 
/* Digi_nearest and used in */ 

strcat<s_compact, s_freg); 
strcat(s_compact, ", "); 
strcat(s_compact, s_dev); 
strcat(s_compact, " ]"); 

fprintf (Fp_cal_log,"%s\n", 
s_compact); 

/* Construct more self- */ 
/* explanatory form for */ 
/* report to user. */ 
/* Instead of signed number */ 
/* for offset, give absolute */ 
/* value and "too low" or */ 
/* "too high." */ 

if (n freq < 0) { 
st rcpy(too, "low"); 
for mat(-n_freq, s_freq); 
) 

else 
strcpy(too, "high"); 

/* See if direct connection. */ 
/* If one or more digipeaters */ 
/* used, put call of closest */ 
/* one in the message. */ 

if ( Digi__nearest [ 0 ] =- NUL ) 
strcpy (who, "Your"); 

else { 
strcpy (who, Digi_nearest); 
strcat (who, "'s") ; 
} 

sprintf(message, "%s frequency 
is about %s kHz too Is. 
Deviation is about %s 
kHz.", who, s_freq, too, 
s_dev); 

norm str(message); 
} 

fig. 5. Segment of a routine executed when a record is 
received from the station being tested. 

for someone to connect. The user of the system is 
greeted with an explanation and a log file is opened 
(a program fragment is shown in fig. 4). For each 
record received, the A/D converters are sampled. The 
numbers are scaled to appropriate Units, formatted 
into a message and sent back (a program fragment 
is shown in fig. 5). The user, date, time, and meas-
urements are saved in a file for later analysis. 

The method is certainly not foolproof. There is a 
chance that another packet's characteristics were sam-
pled in the time that it took for the line of text to be 
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table 2. Newsletters dedicated to digital communications 
via Amateur Radio. 

American Radio Relay League 
225 Main Street 
Newington, Connecticut 06111 

Gateway: The ARRL Packet 
Radio Newsletter 

British Amateur Radio 
Teleprinter Group 
7 Daubeney Close 
Harlington, 

Dunstable, Beds, LU5 6NF 
DATACOM 

Chicago Area Packet 
Radio Association 
21W464 Army Trail Rd. 
Addison, Illinois 60101 

CAPRA Beacon 
Florida Amateur Digital 
Communications Association 
812 Childers Loop 
Brandon, Florida 33511 

FADCA > Beacon 
Georgia Radio Amateur 
Packet Enthusiast Society 
P.O. Box 1354 
Conyers, Georgia 30207 

Grapevine 
New England Packet 
Radio Association 
P.O. Box 15 
Bedford, Massachusetts 01730 

NEPRA PacketEar 
Northwest Amateur Packet 
Radio Association 
13304 131st street KPN 
Gig Harbor, Washington 98335 

Zero Retries 
Softnet User Group 
Department of EE 
Linkoping University 
S-581 83 Linkoping, Sweden 

Softnet News 
Sydney Amateur Digital 
Communications Group 
P.O. Box 231 
French's Forest, NSW 
Australia 2086 

The Australian Racketeer 
Tucson Amateur Packet 
Radio Corporation 
P.O. Box 22888 
Tucson, Arizona 85734 

Packet Status Resister 
Utah Packet Radio Association 
4382 Cherryview Drive 
West Valley City, Utah 84120 

UPRA Connect 
Vancouver Amateur Digital 
Communications Group 
9531 Odlin Road 
Richmond, British Columbia, 
Canada V6X 1E1 

The Packet 

transferred from the TNC to the computer. This is why 
instructions say to ignore any occasional erratic values. 

One puzzled ham connected and got all kinds of ran-
dom frequency reports, even though he hadn't sent 
anything. It turns out that a playful Amateur continu-
ally attempted to connect to my station while tuning 
his frequency back and forth. The solution was to rec-
ognize and ignore the "*** Connect request..." mes-
sage from the TNC. 

There's also a manual mode that allows the system 
operator to perform measurements on another station 
by digipeating back to himself via the other station or 
just watching everything go by. The reporting and log-
ging of measurements are naturally different, but the 
calculations are the same. 

You don't need a high-powered computer for this 
application — something like a VIC-20 and a little 
BASIC program will be fine. It is important to get the 
line of text from the TNC quickly (at least 1200 baud) 
and sample the A/D converters before another packet 
comes along. After the data has been collected, 
there's plenty of time to do the calculations and pre-
pare a response. 

calibration 
Proper adjustment is important to avoid giving incor-

rect reports. The procedure is simple. All you need is 
an accurate RF signal generator and voltmeter. I used 
the popular ICOM model 2AT synthesized RF signal 
generator as my source. 

First set the signal generator (and receiver of course) 
to your local packet radio frequency. 145.01 MHz 
seems to be the most popular frequency in most parts 
of the country. Adjust R6 for zero volts at pin 7 of U1. 
Set the signal generator frequency 5 kHz higher and 
adjust R3 for 2.5 volts at the same place. Finally, set 
the frequency 10 kHz lower (i.e., 5 lower than origi-
nal) and observe the voltage. It should be close to 
-2.5 volts. 

If the negative voltage is much different than - 2.5, 
you have a linearity problem as I did. In this case, alter 
the setting of R3 until you set a DIFFERENCE of 5 volts 
between + and - 5 kHz input. At least this will give 
a fairly accurate deviation for signals on frequency. 

improvements 
The output from my receiver is not very linear. For 

instance, a station 2 kHz too high might be given a 
report that it's 2.5 kHz too high, while a station 2 kHz 
too low might be told he's 1.5 kHz off frequency. 
(Note: a person on frequency is told he is on fre-
quency. The problem is non-linearity, not an offset of 
0.5 kHz.) Possible solutions are compensation in soft-
ware, repair of the radio — or purchase of a new radio. 

The modems commonly used for packet require the 
two tones to be fairly close in amplitude. Hank, 
W0RLI, suggested measuring the amplitudes of the 
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AMATEUR TELEVISION 

KPA51 WATT70 CM ATVTRANSMITTER BOARD 
• APPLICATIONS: CwcJIass portable? TV camera lor races & othor publir. SHrvtco 

events, remoio VCR, etc Rernoie control oi R/C airplanes or robots -Show home 
video tapes, computer programs, repeal SS1V to local ATVws OX depends on 
antennas and terrain lyp 1 to 40 miles 

• FULL COLOR VIDEO 4 SOUND on orm small 3 2&x<r Hoard 
• RUNS ON EXTERNAL 13.8 VDC at 300 ma supply or ballery 
• TUNED WITH ONE CRYSTAL on 426,25. 434 0, or 439 2b mHz 
• 2 AUDIO INPUTS lor a low Z dynamic and line level audio input toumJ in most 

portable color cameras. VCRs, oi homo computers 
• APPLICATION NOTES S schematic supplied lor typical external connections 

packaging, and system operation 
• PRICE ONLY £159 delivered via UPS surlnce m Ihe USA Technician class 

amateur license or hifjhor reouued lor purchase and operation 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV sel will, a 
TVC-2 orTVC-4 420-450 mHz lo channol 3 downconverter. 70 cm antenna, iinclco.ix 
cable In receive Package up the KPA5, add 1? to 14 vdc. antenna, and any TV 
Ciimera. VCR, oi computer with a composite video output Simple oh7 

CALL OR WRITE FOR OUR COMPLETE CATALOG A more info on nlv 
downconverters. antennas, cameras, etc., or who is on in your area 
TERMS: Visa, Mastercard, or cash only UPS COD hy telephone of mail telephone 
orders S postal MO usually shipped wilhin 2 days, all other chocks musl clear tie lore 
sh/proonf. Tiaosnullmq equipmuni sold only to licensed Mmitmim vmiheii m >9H4 
Callbook Calif, include sales lax 

( 8 1 8 ) 4 4 7 - 4 5 6 5 m - f 8 a m - 6 p m ps t . 

P.C. ELECTRONICS 
T o m W 6 0 R G M a r y a n n W B 6 Y S S 

2522 Paxson Lane 
Arcadia CA 91006 

^ 162 

HOW DO RECEIVERS 
REALLY PERFORM? 
READ THIS BOOK. 

RADIO RECEIVER 
Chance or Choice 

tibm fttltt 

$18.50 
+$1.50 shipping 
Avai labia S o y l 
Visa/Mastsrcards 
accep t s 

You owe it to yourself to be informed. This comprehensive new 
book explores the receiver world through real-life tests conducted 
by internationally renowned radio engineer, Rainer Lichte. Read 
scores of no-axe-to-grind reviews about such famous brands as 
Panasonic, Sony, Yaesu, Kenwood, Drake, Eska, Hitachi, Grun-
dig, Phillips, JVC. Zenith. Oymek, ITT, Bearcat - both old and 
new models, including ICOM R71A, Sony 2010, and Yaesu 8800. 
Explains the mysteries of technical specs, too. A must book. 

tones separately. This would require two band-pass 
filters (for 1200 and 2200 Hz) instead of the high-pass 
filter made up of C3 and R12. An additional peak 
detector, low-pass filter, and A /D converter would 
also be required. The deviation measurement would 
be based on the larger value. The difference in ampli-
tude could be reported something like, "Amplitude of 
2200 Hz tone is 89 percent of other tone." 

conclusion 

Asking people to drag their equipment to a meeting 
for adjustment was not successful; the automated 
approach has produced much better results. During 
the first few days of operation about 20 stations tried 
out the system. (This might not sound like many but 
I'm running only 1-1/4 watts in a valley.) During later 
measurements, most stations that were substantially 
off had made correcting adjustments. 

For readers who wish to become better informed 
about packet radio, a list of organizations with news-
letters oriented toward digital communications via 
Amateur Radio is shown in table 2. 
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ham radio 
TECHNIQUES P^ 

low frequency D X 

No more about Ye DX bands 
Do Wilde Men push and pulle. 
Or talk about TA's, UJ's, 
Or toss about Ye Bulle. 
Ye Sunspot Cycle hath gummed Ye 

Game, 
Ye bands are dry as Snuffe. 
And many Hardy Souls, no doubt, 
Will find it hard to do Without, 
Excepting Thee and Me, Old Friend, 
Who Never Worked Ye Stuffe. 

This touching ode to DX, written by 
By Goodman, W1DX, in the late 
1940s, certainly applies to DX today, 
as far as I'm concerned. 

But while HF DXers may be moan-
ing and groaning over the medicore 
conditions, low frequency DXers are 
having a fine time. Eighty and 160 
meters are jumping these days! 

A note from Bob Eldridge, VE7BS, 
tells of some of the DX worked in the 
Pacific Northwest: 

The Australian CW signals can be 
anywhere, usually below 1825 kHz. 
The VK SSB rag-chewing groups on 
daily are most often about 1832 kHz 
and 1825kHz, with a few around 1815 
kHz. They are most consistent this 
time of year (early summer) when they 
can be worked virtually every morning 
I their evening). / hear them from about 
half an hour before sunrise to about 
half an hour after. At about the time 
they come up in strength here they are 
dropping out at W0ZV f Colorado), and 

he drops out to me at about the same 
time. He also hears them before and 
after his sunrise, so the VK opening to 
North America on 160 meters is quite 
long. 

But although the Spring equinox is 
the most reliable time for Pacific con-
tacts, / notice looking back through 
the log that / had good DX contacts 
in January and February and some DX 
in every month of the year. This week 
(week of July 24thI everyone is on the 
lookout for T31AT (Kiribati) and 
A35PP (Tonga). 

VE7BS uses an inverted-V antenna 
with the apex at 105 feet and the ends 
about 60 feet (fig. 1). This is his "com-
parison antenna" for the others that he 
has experimented with from time to 
time. Bob says it is broadside to 
Australia and Europe, but works rea-
sonably well in all directions. Three 
parallel wires are used in each leg and 
the coax feedline is wound into an RF 
choke just below the feedpoint of the 
antenna. 

Another 160-meter antenna that 
VE7BS has used with success is the 
so-called "Lazy-U," shown in fig. 2. 
The vertical portion can be from 50 to 
100 feet long, with the horizontal por-
tions bringing the system to resonance 
without contributing much horizontally 
polarized radiation. The VE7BS "Lazy-
U " worked better than the inverted-V 
in some directions and this was the 
antenna he used to land 5N8ARY 
(Nigeria). 

An interesting adaptation of this ver-

tical antenna that some 160-meter 
DXers use is the so-called "G80N " 
antenna, named after the Amateur 
who popularized it on the band (fig. 
3). The antenna is a half-wavelength 
long, with the high current portion in 
the vertical plane. The wire is end-fed 
from the top end. 

In closing, Bob has some interesting 
remarks about radial systems, as ap-
plied to 160-meter antennas. He advis-
ed the 160-meter operator not to worry 
too much about extensive radial sys-
tems. He says: 

I managed WAC on 160 meters with 
a vertical without any radials and 
K7VIC has one of the most potent 
signals on the band using a vertical 
top-loaded monopole without radials, 
so I wouldn't get depressed if / had no 
room for radials. For transmitting, I see 
nothing wrong with a 45-foot tower, 
top-loaded with a Yagi, working 
against a few properly disposed 8-foot 
ground rods near the base and a 
duster of short radials or chicken wire 
mesh under the tower. As far as / can 
see, the main disadvantage of a rela-
tively short, loaded vertical is the nar-
row bandwidth achieved without 
retuning. 

For those west coast DXers in-
terested in 160 meters, Bob recom-
mends (and I concur) the 160 meter 
West Coast Bulletin, published by 
Dennis Peterson, N7CKD, 4248 A 
Street SE, Space 609, Auburn, 
Washington 98002. An S A S E might 
bring you details from N7CKD. 
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60' 118.28 Mi 
TO GROUND 

fig. 1. The inverted-V antenna for 160 meters at VE7BS. Wires all lie in the same plane. 
Apex is at 105 feet (32 meters). 

so' 
(15.21 Ml 

SO' 
(IS.24M! 

10' (3.OS Ml 
TO GROUND 

fig. 2. The VE7BS "Lazy-U" antenna for 
160 meters. 

the effects of trees and 
vegetation on your signal 

From time to time I've received in-
quiries from Amateurs asking what ef-
fect upon their signals a nearby tree, 
or group of trees, might have. Since 
I didn't know, I could only reply with 
an evasive, ambiguous answer. My 
good friend Marv, W6FR, who was 
"bugged" by a tall tree into which his 
20-meter beam fired on the European 
path, was convinced that during the 
months the tree was in bloom with 
heavy foliage, his signal suffered. 
When pressed for specifics, however, 
he admitted under pressure that his 
often-stated conclusion was a hunch. 
The upshot of this was that his local 
DX competitors felt they had a psy-
chological edge on Marv during the 
spring months when the tree was in its 
full glory! 

The June/Ju ly issue of Broad-
casters ID (published by Information 
Dissemination, 2501 Hilldale Boule-
vard, Arlington, Texas 76016) has 
some interesting information on this 
subject. In an article by E.J. Pryor, Jr., 
of Broadcast Technologies, Inc., the 
subject of foilage and vegetation is 

discussed, with respect to A M and FM 
broadcasting. The article says, in part: 

Almost any engineer at an AM direc-
tional station could tell you that his ar-
ray shifts each year due to the many 
factors which are related to seasons. 

In most cases, some of the changes 
can be traced to ground conductivity 
which varies due to the moisture, water 
table variance, and the temperature fac-
tor in the area. Foliage growth has a 
direct effect on the radiation perfor-
mance of your transmitting antenna.... 

The vegetation surrounding your 

transmitter plant absorbs and reradi-
ates some of the energy radiated by 
your antenna. At AM frequencies, the 
vertical field can be reduced signifi-
cantly by high grass and green trees 
near the antenna farm. At FM frequen-
cies, this signal loss can be approx-
imately 2.5 dB. Above 1000 MHz, the 
losses due to ground scatter, signal ab-
sorption, Fresnel zone losses and ter-
rain can drastically change with the 
green season. Losses can be as much 
as 10 dB, or more. 

You can control the foliage on your 
property where your transmitter and 
tower are located. Regardless of your 
frequency, the area around your trans-

RANDOM L£NCTH I 
F££0*"»e | 

\ /"' 
\ / 
/ / 

< 

fig. 3. The G80N vertically polarized 
antenna. The vertical section can be as 
short as 33 feet (10.5 meters. I 

mitter plant should be mowed regularly 
and kept free of trees. Trees have the 
greatest effect on your signal.... Tall 
grass, especially when green or freshly 
wet, can detune a directional array, 
upset drive point impedance, mutual 
coupling factors and significantly 
degrade the station's performance. 

While these remarks are aimed at 
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L » 30 turns No. 12 uttmsl win, 8 turn* 
per Inch 2-1/2 inch (6.35 cm) dluntur, 
5 Inches (12.? cm) long. Tap 8-11 turns 
ofl-csnfer 

fig. 4. The "shorty-forty" dipole of W 0 S V M . 

vertical A M broadcast antennas and 
FM arrays, the ideas could apply to 
Amateur antennas. Most Amateur HF 
antennas are horizontally polarized, 
and my personal opinion (apologies to 
W6FR) is that nearby trees and foliage 
have relatively little effect on antenna 
performance in the HF region. In the 
case of vertical antennas, however, 
Mr. Pryor's remarks my be interpreted 
to mean that foliage and tall grass can 
affect the operation of the vertical 
antenna in the HF/VHF spectrum as 
well as in the broadcast band. 

I would appreciate hearing from 
readers who may have experience in 
this area to find out what effect, if any, 
nearby trees and bushes have on the 
operation of both horizontally and ver-
tically polarized Amateur antennas in 
the HF and VHF regions. 

the W0SVM "shorty-forty" 
dipole 

A good idea and a catchy name! 
Jack, W 0 S V M , has spent considerable 
time and effort designing a compact, 
practical dipole antenna for city 
dwellers who don't have the space to 
put up a full-size 40-meter antenna and 
for various reasons don't want to use 
a vertical antenna. 

Jack wanted to build a simple, rugg-
ed antenna that would not have load-
ing coils flopping around out in the 
elements. He felt that a center loading 
coil could do the job, if the coil was 
made properly. After several months 
of experimentation, he came up with 
the antenna shown in fig. 4. Briefly, 
it's a center-loded dipole about half the 
size of the full dipole. The feedline is 
tapped on the loading coil in such a 
manner as to provide a good match to 
a 50-ohm line. The line is cut to an 
electrical half or full-wavelength and 
can be run directly to the transmitter 
or to a transmatch for maximum fre-
quency flexibility. When used with a 
simple transmatch, the antenna has a 
500-kHz passband between the 1.5:1 
S W R points. 

The resonant frequency of the 
antenna is determined by the wire sec-
tions. The difference in tip lengths be-

tween 7.0 and 7.3 MHz is 10 inches. 
It's best, therefore, to cut the anten-
na to that portion of the band in which 
most of the operating is to be done. 
Without the transmatch, bandwidth of 
the antenna is about 150 kHz between 
the 1.5:1 S W R points. 

The shield of the coax line is tapped 
to the center point of the coil and the 
center conductor is tapped off-center. 
Using the 18-foot, 6-inch (5.638 
meters) flat-top dimensions, the coil is 
tapped 11 turns off-center for opera-
tion at the low end of the band and at 
nine turns off-center for operation at 
the high end of the band. 

Exact antenna resonance and the 
minimum value of SWR can be achiev-
ed at any point in the band by chang-
ing the tip length of the wires and the 
feedpoint on the coil. If operation is 
mainly confined to the high frequen-
cy end of the band, the wire sections 
can be reduced in length to 17 feet 8 
inches (5.384 meters). All in all, the 
design is quite flexible and the reso-
nant frequency and impedance match 
can be varied at will to suit any spot 
in the band, and also to match a 75-
ohm transmission line, if desired. 

The antenna can be erected in the 
conventional fashion or made into an 
inverted-V, with the end tips close to 
ground level. For best results, the 
center of the antenna should be from 

30 to 50 feet (9 to 15 meters) in the air, 
and relatively clear of nearby objects. 

While W 0 S V M doesn't mention it, 
I've found it helpful in some cases to 
wind the feedline into a choke coil 
directly below the antenna feedpoint. 
This reduces the RF field on the out-
side of the coax line and can reduce 
TVI in some instances. Of course, if 
the feedline is run parallel to the anten-
na after the choke is installed, all bets 
are off because the antenna will be 
coupled to the feedline by mere prox-
imity. It's best to bring the feedline 
down vertically below the center of the 
antenna to ground level, or to the level 
of the station, if it's located on a higher 
floor. Running the feedline parallel to 
the antenna element(s) is bad practice, 
regardless of the type of antenna used. 

do you have an unusual 
antenna? 

Do you have an unusual antenna in-
stallation that would be of interest to 
readers? If so, I'd like to see it. Just 
send a clear pencil sketch of the anten-
na, including dimensions and the elec-
trical characteristics, such as the S W R 
or operating bandwidth. A good black-
and-white photograph is always ap-
preciated, if the antenna can be 
photographed! (It's very difficult to 
take a decent picture of a wire anten-
na — although I have a friend who got 
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Introducing the BUTTERFLY 
Beam from Butternut! 

I'M 

Compact Size 
The HF4B's 12Wfoot elements and 6-foot 
boom are ideal for home-station use and 
lor weekend retreats, condos. apart-
ments and other places where oversized 
beams are prohibited. Its light weight 
(17 pounds} means it can be turned with 
a tv rotator, yet it is robustly con-
structed in the best tradition of our 
world-famous Butternut verticals. 

See your authorized 
Butternut dealer 

The HF4B Compact, 2-element 
Beam for 2 0 - 1 5 - 1 2 - 1 0 meters 

Performance 
The HF4B BUTTERFLY " has not 
sacrificed performance for compactness, 
lis unique.design with fanned elements 
and L-C circuits avoids use of power-
robbing traps yet provided high-efficiency 
operating on all bands. The BUTTERFLY' 
outperforms anything in its class. 

The HF4B offers an SWR of 1.5:1 or less at 
resonance. Its 2:1 bandwidth is 200 kHz on 
20 meters, 450 kHz on 15. 1.7 MHz on 10. 
and across the entire 12 meter band. And it 
will handle the legal power limits both CW & 
SSB. Gain is ai leasl 3 dB on 20. 4.5 dB on 
15 and 5 dB on 10 8 12 meters. Front-to-
back is up to 18 dB on 10,12 and 20m, and 
up to 15 dB on 15m. 

BUTTERNUT ELECTRONICS CO. 
405 East Market Street 
Lockhart, Texas 78644 

Please send all leader inquiries direcl 

138 

G i is Browning, W4BPD 

GUS BROWNING, W4BPD s 

DX'ERS MAGAZINE 
For over 17 years, Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely, 
pertinent information on when and where to find 
those elusive DX stations. 
Gus's personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA, Canada & Mexico. 

_ Gus also prints high quality QSLs and other related items. 
Write today for a free sample of his QSLs and DX'ERS MAGAZINE. 

P0 Drawer 405 • Cordova, SC 29039 

good pictures of a wire antenna by tak-

ing the picture at night, using a camera 

w i th a flash attachment.) 

Antennas featured in this column 

will win their owners an autographed 

copy of my Beam Antenna Hand-

book. * For those w h o don ' t have an 

inspirational antenna to talk about, the 

handbook is available f rom Ham 

Radio's Bookstore. 

MXHNY 
In closing this December column, I 

wish my readers a Merry Christmas 

and a Happy New Year. A n d may DX 

be good to you in 1986! 

"Available f rom Ham Radio Bookstore. Greenville, New 

Hampshi re 03048, $9.95 plus S3.50 shipping and 

handl ing. 

ham radio 

SATELLITE TV 
buy Irem a HAM and SAVE 
ZTE Communications 

Pocatello. Idaho 

Complete SYSTEM PACKAGES are available i t 

reduced prices. Call lor quotes before you buy. 

Here are a lew sample prices 

— RECEIVERS - we pay UPS Shipping 

Chaparral SIERRA 8 5 ° polaramp. arm S1350 

Luxor 9570^9534 02. 8 5 ° LNB, arm -$968 

Drake 324S Willi Down converter S290 

Drake 424S with Down converter -S418 

Uniden LIST 200(1 with down converter --5235 

Uniden LIST 700(1 with BDC and 18 inch arm-S1008 

JANIEL BCR-2000 with Block down converter — S 3 1 3 

- ANTENNAS - ANTENNAS - you pay shipping 

Raydx 8.5 loot-$563 Raydx 10.5 tool—S632 

Luxor 10.5 loo t -5575 CALL 

ZTE sells. Chaparral, Drake, Luxor. M/A Com. STS Panasonic. 
Houston (racket, linden, Toki, Hytec, Cal amp, MTI, PenToc, 
SaT-Tec, and others' 

TIE Communications is owned and operated by John Wilson, 
WAOOYU, I am the only employee I work QUI o( my house, 
which means lower pnccs lor you!! 
Availability and puces are subject to change. Call John AFTER 
5 PM mountain time Telephone 1208-237-1237 Mat 5 pm, 
no collect calls ^ i g j 

GROTH-Type 

T C 2 
T C 3 

$ 1 2 . 5 0 
$ 1 3 . 5 0 

S p i n n e r H a n d l e 
A d d $1.50 

Prices include UFS 
or Parcel Posl in US 

• 99.99 Turns 
• One Hole 

Panel Mount 
• Handy Logging Area 

• Spinner Handle Available 
Case: 2x4"; shaft '/*"x3" 

Model TC2: Skirt 2-1/8" 
Knob 1-5/8' 

Model TC3: Skirt 3"; 
Knob 2-3/8' 

R. H. BAUMAN SALES 
P.O. Box 122, Itasca, III. 60143 

k - 202 



Determining the next step 
in flexible, robust 

digital communications 

AMTOR, AX.25, and HERMES: 
a performance analysis of 

three systems 

AMTOR and the AX.2S packet protocol are cur-
rently being heralded as the state-of-the-art in Amateur 
digital communications. This article reports the results 
of an objective performance analysis of these two sys-
tems, and compares each to HERMES, a third, newly 
proposed system. Four performance measures are 
described and applied to each system. 

applications 
In order to choose reasonable conditions under 

which to evaluate the performance of competing com-
munications systems, it is first necessary to look at 
the ways Amateurs actually use digital communi-
cations. 

If you listen to normal RTTY traffic on the HF bands, 
you'll find that most Amateurs are engaged in casual 
conversation. These QSOs are almost exclusively con-
ducted at a 45 baud (60 WPM Baudot) channel rate, 
with throughput usually limited by the speed at which 
the respective operators can type. While some of us 
can type fast enough to keep a 45 baud system run-
ning fairly continuously, most cannot. 

Other users — though fewer in number — are in-
volved in RTTY traffic nets, using computers or RTTY 
equipment to relay third-party message traffic. 
Although surprisingly little RTTY traffic handling 
actually occurs (compared to the amount handled by 
CW or SSB) at this time, the availability of improved 
digital communications schemes may help to encour-
age the growth of this type of activity. 

Some users employ computer data transfer for traf-
fic handling. It is primarily this application for which 
the AX.25 "packet" systems are designed. And on 
VHF, packet radio activity is growing rapidly. AX.25 
has the capability of supporting conversation just like 

RTTY, as well as direct computer-to-computer data 
file transfer. 

I believe we should push for a single digital com-
munications scheme that can adequately support all 
types of users at both HF and VHF, including satellite 
links. Such a system is not currently in use, nor has 
one yet been proposed. 

Two of the three classes of users described above 
are dealing exclusively with plain language text, using 
the Baudot alphabet (or the AMTOR variation of the 
Baudot alphabet). Computer hobbyists are using 
ASCII, sending it in an eight-bit format so that arbitrary 
computer data (as well as text) can be transmitted 
within that scheme as well. Whatever digital scheme 
we agree to accept as standard, it should support both 
types of alphabet. 

Those using digital communications for casual con-
versations are probably not too worried about a few 
errors now and then in the received text, but would 
like to see the channel processing their data fast 
enough (100 bps is probably sufficient). On the other 
hand, the other two user classes have no tolerance 
for any hits, and are willing to sacrifice some channel 
throughput to attain the required reliability. It would 
be best to have a system that could be conveniently 
optimized by the operator for each of these different 
applications. 

comparing systems 
The following four criteria are useful in comparing 

the various systems available: 

• Throughput under ideal channel conditions. An 
"ideal" channel introduces no errors, thereby allow-

By Jerome T. Dijak, W9JD/4, 2736 Gwynn-
brook Road, Montgomery, Alabama 36116 
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ing the communications system to run at its highest 
possible rate. (This is expressed in characters per sec-
ond (cps).) 

• Robustness. This is the probability, expressed as 
a percentage, that the system will falsely accept ran-
dom noise or badly corrupted characters as valid. Any 
system must reject (or correct) all corrupted data 
received under these conditions with high reliability — 
i.e., have a very low probability of falsely accepting 
corrupted data characters as valid. (The mathematics 
used to compute this probability for each of these two 
systems evaluated is presented in the appendix.) 

• Bit Error Rate (BER) required to stop progress 
(expressed as a percentage). It is assumed that ran-
dom bit errors are occurring at a certain rate. How high 
must this error rate be to prevent the system from 
occasionally transferring data successfully? Under 
these circumstances, the throughput of the communi-
cations system is sharply reduced since there are many 
repeats. But we want the system to make some prog-
ress — occasionally, data should be correctly trans-
ferred and acknowledged by the receiving end. Other 
things being equal, it is desirable for a system to be 
able to tolerate as high a random BER as possible be-
fore forward progress is stopped. 

• Minimum Required Error Free Seconds 
(MREFS) to maintain progress in forward data trans-
fer. Here a channel generating "burst" errors is as-
sumed. The channel makes no errors for a certain 
length of time, and then becomes unusable for a cer-
tain length of time (an error burst). An interesting 
parameter of a communications system is how short 
the "good" period of the channel may be while still 
allowing successful and correct data transfer to occur 
occasionally. Other things being equal, a system 
should have a low MREFS requirement. 

To make reasonable comparisons, we will assume 
that each of the packet protocol systems is being oper-
ated with the same type of channel, arbitrarily a 100 
bps synchronous channel such as that specified for 
AMTOR, with a 20 millisecond allowance for radio 
turn-around from transmit to receive and vice-versa. 
For consistency, it is assumed that a 5-bit symbol 
alphabet (Baudot) is being used when specifying 
throughput performance, even though any of the sys-
tems can transfer Baudot, ASCI I (7-bit), or arbitrary 
computer data (8-bit) by employing appropriate alpha-
bet conversion subroutines. 

Figure 1 illustrates AMTOR in operation.12 In the 
ARQ mode, AMTOR sends three 7-bit characters and 
then pauses for an acknowledgement signal (one 7-bit 
character) from the receiving station before proceed-
ing with the next three-character group. If no acknowl-
edgement character is received, the last 
three-character group is repeated. 

TIME 

210 
mS 

S£NOER—» A l e l c 

1 I i t M l ! i l l 
RECEIVER- E 3 \ACK 1 

240 
m S IOO BPS SYNCHRONOUS 

fig. 1. A M T O R A R Q mode. 

A DDR/CON TROL (0-256 BYTESI - V -
CHECK/FLAG 

fig. 2. AX.25 packet format (no repeater ID bytes). 

Time relationships are quite specific. AMTOR 
spends 210 milliseconds sending each group, and 240 
milliseconds waiting for the acknowledgement before 
sending the next group. 

Like Baudot, AMTOR uses a 32-character alphabet, 
but uses 7-bit symbols instead of the Baudot's 5-bit 
symbols. Each AMTOR symbol is composed of three 
0 bits and four 1's, allowing it to detect errors in its 
received data (sometimes). To do this, AMTOR uses 
a simple parity check. Each received character must 
have four 1 bits and three 0 bits; if it doesn't, an error 
is flagged, and the entire group is discarded and must 
be repeated. 

If the channel makes one bit error per character (or 
any odd number of bit errors per character) this simple 
parity check successfully detects the error. But if the 
channel reverses two (or any even number) of the 
character's bits, its 4/3 parity ratio will be preserved 
even though it has now been transformed into a differ-
ent character of the alphabet. Under these conditions, 
the AMTOR code will fail to detect the error. 

With the channel producing few errors, it is likely 
that no more than 1 bit error per character will be ex-
perienced. When the channel is very poor, however, 
and is making many bit errors, one has about an equal 
chance of experiencing an odd or even number of er-
rors. Consequently, there is a 50 percent chance of 
an incorrect character unintentionally satisfying the 
parity check. 
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packet system design 
Good references for a detailed description of the 

AX.25 or "packet protocol" are available.2 3 AX.25 is 
an adaptation of the 15-year-old data communicatons 
protocol pioneered by the Defense Advanced Research 
Projects Agency in the 1960s for error-free communi-
cations within telephone computer networks. This pro-
tocol assumes a telephone channel, or a channel of 
similar quality (in terms of signal-to-noise ratio, band-
width, and lack of interference) in its design. 

Figure 2 shows the current AX.25 packet makeup: 
16 bytes or more of synchronizing and header infor-
mation at the beginning of each packet, followed by 
up to 256 bytes of information, with the packet fin-
ished out with three final bytes for error checking and 
flagging the end of the frame. If the packet has been 
processed by one or more repeaters, seven additional 
address bytes are added to the packet to identify each 
repeater, up to a maximum of 9. For purposes of this 
discussion, use of a simplex channel only, with its re-
quirement for only 19 overhead bytes in an AX.25 
frame, is assumed. 

Although AX.25 includes a significant amount of 
overhead in each packet, it is a very good system in 
light of the environment for which it was originally 
designed. It is not, however, ideal for use on a chan-
nel that doesn't look much like a telephone channel 
— a narrowband HF channel with fading, noise, and 
a high error rate, for instance. 

Because this system was designed for transmitting 
computer data, it contains a robust error detecting 
scheme that provides a good probability of detecting 
a garbled block regardless of the source or severity 
of the errors. 

Figure 3 shows the flow of activity on a packet 
channel. Since just one block at a time is sent, and 
each block must be acknowledged by the receiving 
station before the next block is sent, a certain amount 
of channel time is inevitably spent waiting. For our 
analysis, delays similar to those used with AMTOR are 
assumed. 

The packet protocol is somewhat adaptive. Depend-
ing upon channel conditions, the operators can ad-
just the length of each packet by controlling the 
number of data characters sent {up to 256) in each 
block. Thus, when conditions are good and the chan-
nel is rarely making errors, a full-size block may be 
used, with a correspondingly small proportion of the 
channel time wasted in packet addressing overhead 
and waiting for acknowledgements. On the other 
hand, when the channel is very bad, the character 
count can be greatly reduced to shorten the packets, 
thus improving the chance of their being received 
error-free. Very short packets are quite inefficient, 
however, because of the addressing bytes that must 
always be included. 

SENDER PACKET NO./ 

TIME — 

4.36-22.0 

I PACKET NO.2 j 

1 t t 

too BPS SYNCHRONOUS 

fig. 3. AX.25 channel activity. 

- 2 SYMBOLS 

Ft AG/A DDR 

9-27 SYMBOLS 

INFORMATION 

9-20 SYMBOLS 

fig. 4. HERMES frame format (5-bit symbols). 

For our purposes, then, we will examine the packet 
systems running with both maximum length packets 
(even though, in practice, hams rarely use more than 
about 80 data characters per packet) and extremely 
short packets (only 16 data characters) as well. 

HERMES system design summary 
HERMES was designed to be superior to both 

AMTOR and AX.25 in the Amateur narrowband HF 
environment. The latest version of a system described 
in reference 4, HERMES has been used experimen-
tally for the past several years. 

The key to HERMES is the use of a Reed-Solomon 
forward error-correcting code. The chosen code uses 
a 5-bit symbol alphabet and 31 symbols per block; a 
typical frame is diagrammed in fig. 4. The coder and 
decoder are adaptive — i.e. the ratio of data symbols 
to check symbols in each block is controllable by the 
operators to allow optimization to channel conditions. 
The check symbols add redundancy to the data in a 
special way that allows the system to mathematically 
correct some symbols in each frame that have been 
altered or destroyed by the channel. (Reference 4 also 
provides additional details on how forward error cor-
recting systems work.) 

This feature allows HERMES to perform efficiently 
when channel conditions are favorable, as well as 
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when the channel conditions are poor (in this case data 
transfer efficiency is traded off in favor of gaining addi-
tional error correcting capability). 

HERMES uses a protocol that assumes a single link 
(i.e., a pair of stations in contact), but is also designed 
to accommodate net type operations. Unlike AX.25, 
it is not configured to allow several simultaneous and 
independent QSOs on a single channel, thus greatly 
reducing the number of overhead bytes that must be 
transmitted in each block. 

The system is designed to handle Baudot charac-
ters, and conversions of 7-bit ASCII characters and 
arbitrary 8-bit bytes directly, so that all types of data 
can be handled with the same efficiency. 

The operator can choose any of 48 different config-
urations that have been implemented; these support 
16 different modes in each of the Baudot, ASCII, and 
byte communications modes. Data transfer efficiency 
of the system ranges from 93.5 down to 32.3 percent, 
depending on the degree of error correcting capability 
chosen. The probabilities of falsely accepting cor-
rupted data as valid vary from 2.6 to 0.0000009 per-
cent; error correcting capabilities vary from 0 (error 
detection only) to 11 symbol errors per block (35 per-
cent correction capability). 

The system can function in an ARQ mode or in a 
broadcast mode in which no acknowledgements are 
sent. In the ARQ mode, HERMES sends from nine 
to 27 data blocks per transmission (depending upon 
system configuration), after which the link is turned 
around, and the receiving station sends one "acknowl-
edge" frame to identify all the blocks that were 
received correctly or were correctable. This pattern is 
illustrated in fig. 5. Since the ratio of data frames to 
acknowledge frames is quite high, there are relatively 
few link turn arounds and little wasted link time spent 
waiting for radios to switch. In the broadcast mode, 
HERMES sends the data frames using the same code 
configurations, but does not wait for acknowl-
edgements. 

AMTOR (ARQ) analysis 
AMTOR sends three characters (requiring 210 milli-

seconds), then pauses for 240 milliseconds to allow 
the acknowledge signal to be received. Therefore 3 
characters require 450 milliseconds to send under ideal 
conditions, resulting in a 6.67 cps throughput. 

Under conditions of no signal (random noise input 
only), AMTOR will recognize a "block" only if it sees 
three valid characters. Since there are 34 legal charac-
ters out of the 128 possible 7-bit characters, the prob-
ability of any single character looking valid, with 
random input, is 34/128 = 0.266. The probability that 
three such characters in a row are received with only 
noise input is the third power of this number, or about 
1.9 percent. 

Under very noisy signal conditions, in which we 
assume that many bit errors are being experienced, 
and we assume that a valid signal is being received 
in addition to the noise, we have a 50 percent chance 
of experiencing an even number of bit reversals in the 
received characters. If the odds of receiving an incor-
rect, but valid-looking, character are 50 percent, then 
the probability of receiving three of these is the third 
power of 0.50, or 12.5 percent. This second case is 
really more relevant to our discussion, and it is this 
number that we'll use for our robustness figure for 
AMTOR. 

Just one bit error during each 450 millisecond is 
enough to stop data transfer progress with this sys-
tem. This bit error would either corrupt the data trans-
mission or the acknowledge signal, and the corruption 
of either is sufficient to force a repeat. Once we con-
tinually force repeats, the forward transfer of data has 
stopped. One bit in 450 milliseconds at a 100-bps data 
rate corresponds to a 2.22 percent BER. 

To get data through once in a while, AMTOR needs 
to occasionally obtain a 450 millisecond window of 
error-free transmission by the channel. Therefore, for 
this system, MREFS = 0.45. 

maximal frame packet analysis 
A maximal length frame (256 data bytes) is used to 

configure the packet system for performance under 
ideal conditions. Without the repeater addressing 
bytes, the standard AX.25 packet requires 19 bytes 
of overhead for addressing and error checking, so the 
complete frame is 275 bytes long. 

The AX.25 acknowledge frame would consist of just 
the 19 overhead bytes. With 22.0 seconds required to 
send the 275 byte information packet at 100 bps and 
1.52 seconds required to send the acknowledge packet 
(plus two 20 millisecond intervals assumed for radio 
switching), the system requires 23.56 seconds to trans-
fer one frame under ideal conditions. This corresponds 
to 10.86 cps for 8-bit characters, or 17.36 cps for 
equivalent 5-bit characters (409 5-bit characters can 
be loaded into the 256 byte data frame). 

By the nature of the 16-bit CRC (Cyclic Redundancy 
Check) code used for error detection in the AX.25 for-
mat, the probability of a corrupted block being falsely 
accepted as valid is 1.53E-5 (0.00153 percent), regard-
less of whether we are talking about random noise or 
a noisy signal input to the system. The CRC is a much 
more sophisticated algorithm than the simple parity 
check used in AMTOR, and is much more robust in 
the presence of massive channel errors. 

Since AX.25 is only an error detection scheme, one 
bit error occurring during every 23.56 seconds would 
destroy the correctness of either the data frame or the 
ACK frame, and in either case the data frame would 
need to be repeated. Therefore, a random BER of 
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fig. 5. HERMES channel activity. 

1 /2356 or 0.042 percent would stop all progress for 
AX.25 in this configuration. 

By the same token, to get data through once in a 
while, the channel must occasionally be good for at 
least 23.56 seconds at a time. So MREFS = 23.56. 

minimal frame packet analysis 

When channel conditions are very poor, we would 
want to operate the packet system with a very short 
frame — let's say just 16 data bytes, in addition to the 
19 overhead bytes always required. 

With this frame length, we need only 2.8 seconds 
to send the data frame, and a total of 4.36 seconds 
to complete a data transfer, including the ACK frame. 
This corresponds to 3.67 cps for 8-bit data and 5.87 
cps for 5-bit characters. 

The probability of a corrupted block being falsely 
accepted as valid is the same as with the maximal 
frame configuration, 0.0015 percent since this charac-
teristic depends only upon the number of check bits 
used and the error detection algorithm. 

The BER required to stop the system is now 1 bit 
in 4.36 seconds, or 0.23 percent. MREFS for this con-
figuration is 4.36. 

H E R M E S analysis 

Case 1. For the first HERMES configuration we 
assume a good quality channel and choose a mode 
appropriate for maximum data throughput and ade-
quate error probability for conversational use. We use 
a configuration with 29 data symbols and just 2 check 
symbols per block and operate the decoder in an error-
detecting mode only. 

For the throughput calculation, we assume the 
transmission of 27 data frames containing 27 informa-
tion characters each, followed by 1 acknowledge 
frame from the receiving station. After allowing for 
two 20 millisecond switching intervals for the radios, 
the total time required for the exchange is 43.44 sec-
onds. Since 729 characters are transferred, through-
put is 16.78 cps (5-bit characters). 

With two 5-bit check symbols and an error detect-

ing mode only, the probability of falsely accepting a 
bad block is 0.098 percent, regardless of whether we 
are talking about random noise or a noisy signal being 
fed in to the system. 

To stop forward data transfer, we must have 1 or 
more bad bits in each frame sent by the sending sta-
tion, which corresponds to one bit error out of 155, 
or a 0.65 percent BER. We can make some progress 
as long as at least one frame can get through once 
in a while, which requires 1.55 seconds, so MREFS 
= 1.55. 

Case 2. For our second example we choose a 
HERMES configuration with 17 data symbols and 14 
check symbols in each frame, with the decoder run-
ning in a six-error correcting mode (6 symbols out of 
each 31 symbol frame can be corrected). 

In this configuration, the system will send up to 15 
data frames before waiting for an acknowledge frame 
from the receiving station. This works out to 24.84 sec-
onds to transmit the 15 frames and receive the 
acknowledgement. 225 characters would be transmit-
ted during this time, for a throughput under ideal con-
ditions of 9.06 cps. 

In this mode, the decoder's probability of falsely 
accepting a bad block as valid is 0.000059 percent. 

Since six symbol errors can be made in each frame 
with the decoder still being able to correct the block, 
this corresponds to one symbol in every five being in 
error. In order to stop forward progress, then, we must 
have one character in every 4 be in error. This cor-
responds to a random bit error rate of 1 in 20, or 5 
percent. 

On a bursty channel, we must be able to receive at 
least 25 symbols of a block without error in order to 
be able to correct it completely. This corresponds to 
MREFS = 1.25 seconds. 

Case 3. For this example we assume a very poor 
channel, and are willing to sacrifice additional through-
put to enhance the forward error-correcting power of 
the code. Here we use a configuration with 11 data 
symbols and 20 check symbols per block, and we allow 
the decoder to correct up to 10 errors per frame. 

In this configuration, HERMES will send 9 data 
frames at a time before waiting for an acknowledge-
ment, and spend 15.54 seconds doing it. In these 15.54 
seconds, 81 characters will be transferred, for a 
throughput of 5.21 cps. 

In this configuration, the probability of the decoder 
falsely accepting an invalid block is 0.0000029 percent. 

Since the decoder can correct 10 symbols out of 
a 31 symbol frame, a channel making random bit errors 
can destroy every third symbol, and the decoder will 
still be able to fully correct the frame. Therefore, to 
stop the system, the channel must corrupt one symbol 
out of every two, for a random bit-error rate of 10 
percent. 
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table 1. Performance summary. 

BER 
throughput robustness required to stop MREFS 

system/statistic (cpsl (percent error) (percent) (seconds) 
AMTOR ARQ 6.67 12.5 2.220 0.45 
AX.25 (Max) 17.36 0.0015 0.042 23.56 
AX.25 (Mini 5.87 0.0015 0.230 4.36 
HERMES/1 16.78 0.098 0.650 1.55 
HERMES/2 9.06 0.000059 5.000 1.25 
HERMES/3 5.21 0.0000029 10.000 1.05 

On a bursty channel, we need to get 21 symbols out 
of every frame transmitted without error, so MREFS 
= 1.05. 

performance summary 
Table 1 summarizes the performance figures we 

have developed for each of the competing schemes. 
Once again, the ideal system would have a high 
throughput, a very low robustness percentage, a very 
low BER required to stop, and a very low MREFS. 

AMTOR can absorb up to a 2.22 percent random 
channel BER before being stopped, and needs only 
0.45 seconds to make progress, which is good, but 
the fact that it has a 12.5 percent chance of falsely 
accepting invalid data as valid is disqualifying. We can, 
and should, do much better than that. 

The two AX.25 packet configurations evaluated, 
which fully bracket the usual operating configurations, 
represent the extremes of performance available with 
the AX.25 protocol. First, we see that packet's proba-
bility of falsely accepting invalid data is fairly low, 
which is good. 0.0015 percent is low enough for most 
purposes, and might need augmentation only when 
very large files are transferred at high data rates at UHF 
and beyond. (This figure equates to the acceptance 
of one bad frame in about 67,000.) 

The maximal packet configuration produces a good 
throughput figure of 17.36 cps, but at the expense of 
allowing only a 0.042 percent random BER before be-
ing stopped and requiring 23.56 seconds to get a 
packet through. As we said before, if you have a good 
enough channel, this will work nicely. Good channels 
are pretty easy to get at VHF, but HF is another story. 

The minimal packet configuration allows the chan-
nel BER to increase by a factor of 5, up to 0.23 per-
cent and reduces the minimum required error-free 
seconds to 4.36, which is more realistic for an HF 
channel. The throughput, however, has now dropped 
to 5.87 cps. 

HERMES configuration 1 was chosen to obtain the 
highest possible throughput while maintaining a 
robustness adequate for conversational communica-
tions. It achieves a 16.78 cps throughput, which is very 
nearly as good as the AX.25 protocol under the best 

of conditions, and it does this while allowing a 0.65 
percent BER before being stopped (this is 15 times 
more tolerant than the maximal length packet 
scheme), and an MREFS figure of just 1.55 seconds 
(1 /15th the minimum required time for maximal length 
packet). Robustness in this configuration, 0.098 per-
cent, is not as good as the AX.25 figure, but is more 
than adequate for the intended application, casual 
conversation. 

Comparing the performance of HERMES case 1 to 
the minimal length packet case, we see that the packet 
scheme runs at about one-third the throughput and 
is still about three times less tolerant in both BER and 
MREFS. 

HERMES configuration 2 was chosen for use on a 
moderately degraded channel, and in an application 
where high accuracy was required. Its 9.06 cps 
throughput falls midway between the extremes of the 
AX.25 configurations and its robustness is several 
orders of magnitude better than AX.25. Interestingly 
enough, it does this while being even more tolerant 
of channel errors, now allowing a 5 percent random 
BER before being stopped, and requiring 1.25 error-
free seconds to transfer data. Comparing these figures 
to those for the minimal length packet scheme, 
HERMES is providing 54 percent more throughput 
while allowing a 27 times greater random BER in the 
channel, and requiring "good channel" bursts only 
one-third as long as AX.25. All these factors translate 
to superior performance by HERMES. 

Even though the performance of AMTOR is disqual-
ifying, due to its poor robustness, it is interesting to 
note that in this case, HERMES provides 36 percent 
more throughput. And while AMTOR does excel in 
the MREFS department, requiring only 0.45 seconds 
compared to 1.25 for HERMES, HERMES will allow 
more than twice as high a random BER before being 
stopped (5 percent versus 2.2 percent, overall), there-
fore, HERMES wins the comparison here, too. 

Chosen for use on a very bad channel, HERMES 
case 3 allows a throughput of 5.21 cps, slightly worse 
than the minimal length packet case. But it has a 
phenomenally low probability of falsely accepting in-
valid data (0.0000029 percent), and can withstand a 
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XF-9B-01 LSB 2,4 kHz 8 95.90 
XF-9B-02 USB 2.4 KHz B 95.90 
XF9B-10 SSB 2.4 kHz 10 125 65 
XF-9C AM 3,75 kHz B 77 40 
XF-9D AM 5.0 kHz 8 77 40 
XF-0E FM 12.0 kHz 8 77.40 
XF-9M ON 500 Hz 4 54.10 
XF9NB ON 500 Hz 8 95 90 
XF-9P ON 250 Hz 8 131 20 

SXF910 IF noise 15 kHz 2 17 15 

1 0 . 7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 8 $67 30 
XF107-B NBFM 15 kHz 8 67 30 
XF107-C WBFM 30 kHz 8 67.30 
XF107-D WBFM 36 KHz 8 67.30 
XF107-E Pix/Dala 40 KHZ 8 67 30 
XM107S04 FM 14 kHz 4 30.15 
Export Inquiries Invited Shipping S3.75 

MICROWAVE MODULES VHF & LIHF EQUIPMENTS 
Use your enisling HF of 2M rig on olhor VHF or UHF Bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHZ M M k l 6 9 l l 3 7 $249 95 
1296 MHz GaAsFET MMk1296-144G 149 95 
432/435 MMc432-28(S) 74.95 
439-ATV MMc439 Ch x 89 95 
220 MHz MMc2202B 74.95 
144 MHz MMC144-28 59 95 
Options: Low NF 12.0 dB max.. 1 25(IB max.), other sands & IP's i available 

LINEAR TRANSVERTERS 
1296 MHz 1 8 W oulpul. 2M in MMI IM6 144 G $299 95 
432/435 lOWoutput, 10M in MMI432?8(S| 269 95 
144 MHz lOWoutput, 10M in MMII. 14-20 179 95 
Other Bands & IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W oulpul IJP1296-20-1 439 95 
432/435 100 W oulpul MML432100 369 95 

50 W oulpul MML43250 199 95 
30 W oulpul MML432-30 LS 209 95 

144 MHz 200 W oulpul MML144-Z00S 374 95 
100 W oulpul MM1144.100-LS 239 95 
50 W oulpul MMLI44S0S 149 95 
30 W oulpul MML144-30-1.S 109 95 

All models include VOX I/R switching 
"L ' models I or 3W drivo, others I0W drive 
Shipping FOB Concord, Mass 

ANTENNAS 
420-450 M H z M U L T I B E A M S 
28 Elomonl 70/MBM2B IZ dBd 
48 Element 70/MBM48 1 i I dBd 
88 Element 70/MBM68 18 5 dBd 
144-148 M H z J -SLOTS 
10 I 10 twisl 10XY/JM 11 3 dBd 

U H F L O O P Y A G I S 
1260 1350 MHz 29 loops 1296LY 20 dBl 
1650 1750 MHz 29 loops 1691 LY 20 dBi 
Order Loop Yagi connector e«tra 

^ 175 

$39 95 
59 95 
89 95 

S49.95 
59 95 

Type N S14 95. SMA $5.95 

Send 44! (2 sumps) loi lull details ot all your VHF 8 UHF 
equipment and KVG crystal product requirements 

(617)263-2145 
S P E C T R U M 

I N T E R N A T I O N A L , INC. 
Post Of f ice Box 1084 

icord, M A 01742, U.S.A. 

10 percent random BER, 50 times that tolerated by the 
AX.25 scheme even with minimal length packets. 

c o n c l u s i o n s 

Although AMTOR has excellent burst error perfor-
mance, its probability of falsely accepting invalid data 
under poor conditions (at 12.5 percent) makes it a non-
competitor when systems like AX.25 and HERMES are 
considered. 

Under good channel conditions the AX.25 packet 
scheme does very nicely, with good throughput and 
adequate robustness, but it bogs down rather rapidly 
once channel conditions start to degrade, since it has 
no capability for forward error correction. 

HERMES combines, in one adaptive system, the 
capability to achieve very nearly the same throughput 
as AX.25 under ideal conditions, as well as very nearly 
the burst error performance of AMTOR. It allows con-
venient optimization and is able to tolerate a much 
higher rate of random channel errors than is either 
AMTOR or AX.25 due to HERMES's use of powerful 
Reed-Solomon forward error correcting codes. It rep-
resents the next step in flexible and robust digital 
communications. 

Appendix 
T h e probabi l i ty of fa lsely a c c e p t i n g a c o r r u p t e d d a t a b lock I a n 

" U n d e t e c t e d B a d B l o c k " ) wi l l b e d e n o t e d as P u b b - " c a n b e c o m -
p u t e d as f o l l o w s for a n e r ro r -cor rec t ing or e r ro r -de tec t ing a lgebra ic 
b lock c o d e (such as t h e C R C or R e e d - S o l o m o n c o d e s . ) 
For a n error-correcting c o d e : 

AC 

w h e r e : A = 2<" ( t h e c o d e a l p h a b e t size) 
m = the n u m b e r of b i ts per c o d e w o r d s y m b o l 

I m = 8 for A X . 2 5 C R C , m = 5 for H E R M E S ) 

A - 1 = 2™ - 1 

E = the n u m b e r of errors be ing c o r r e c t e d by the 

decoder 

C = the n u m b e r of c h e c k s y m b o l s in e a c h 

c o d e w o r d 

( ) = c o m b i n a t o r i a l fac tor for ( A - 1 ) th ings t a k e n 
E at a t i m e 

_ M-'J! 
' /'.'.' (A-l-E)' 

For a n error-detecting c o d e : 

I'111111 1 ,\C 

w h e r e : A a n d C are d e f i n e d as a b o v e for e r r o r - c o r r e c t i n g codes . 
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3. Lylu Johnson, "Join The Packet Radio Revolution." 73. September, 1983, 
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4. Jerome T. Dijak, W 9 J D . "Save Your Signal With Forward Error Correc-
tion," 73. August. 1983. page 44, 

h a m r a d i o 
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PRACTICALLY SPEAKING ^ 

tracking the 
hideous 
intermittent — 
part 2: thermal 
intermittents 

In Part 1 of this two-part series we 
dealt with the problem of trouble-
shooting mechanical intermittents. In 
Part 2 we'll discuss thermal intermit-
tents and their solution. 

Both heat and cold can affect a 
piece of electronic equipment for the 
worse; in its most blatant form, the set 
refuses to operate properly under 
either hot or cold conditions. During 
the winter Amateur mobile equipment 
is subjected to the local overnight tem-
perature, which may be as low as 40 
degrees below zero in some areas. 
During the summer, on the other 
hand, mobile equipment will be sub-
jected to temperatures considerably 
above local air temperatures. In 1963, 
when a major automobile electronics 
company began experiencing reliability 
problems with its new solid-state 
models, it asked employees to leave 
their cars unlocked so that the engi-
neers could measure the cabin temper-
atures. After four hours in 90-degree 
sunlight, the interior temperatures 
were found to be 140 degrees at the 
front seat and up to 180 degrees be-
hind the dashboard! 

These extremes of temperature can 
result in some peculiar intermittents. 

One familiar form is the set that won't 
work when you get into the car, but 
will work ten minutes after the heater 
or air conditioner has altered the cabin 
temperature. 

Equipment used at the home or base 
station doesn't suffer the extremes of 
ambient temperature, but nonetheless 
may experience temperature-related 
intermittents. Typically, a set will either 
fail to work at all until it heats up, or 
will work nicely until it reaches a cer-
tain temperature and then fail. Even 
when an intermittent isn't specifically 
related to temperature, its frequently 
true that changes in temperature will 

aggravate the situation, thereby allow-
ing you to find it more easily. 

when the problem is heat 
First, let's talk about how to heat up 

a set. Use a high-wattage lamp, sun 
lamp or hair dryer for general area 
heating to determine that the fault is 
temperature sensitive, rather than 
mechnical in origin. In a piece of equip-
ment containing general power de-
vices !or vacuum tubes), we can often 
heat up the circuits just by placing a 
box, towel, or blanket over the unit. 
This method is particularly useful for 
thermal faults that occur only in the 
cabinet. The thermal fault will continue 
for a few minutes after the box, towel, 
or blanket is removed, allowing time 
for troubleshooting. 

Although area heating will give you 
the time needed to troubleshoot a 
fault, it won't help you find a specific 
thermally sensitive component. For 
this chore we must use local area heat-
ing. Several methods are available. A 
small high-intensity lamp, for example, 
will allow heating of a small area on a 
PCB. A soldering iron or gun will con-
centrate heat on an even smaller area 
almost to the exact component. (Be 
careful, — the hot tip of the soldering 
tool can damage some components, 
especially polyethylene capacitors.) 

Another method used for heating in-
dividual components is shown in fig. 
1. In this approach, the heat source is 
a 6 or 12-volt incandescent lamp. A 
No. 47 or No. 1891, for example. A 
small cylinder made of some material 
such as insulated sleeving ("spa-
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ghetti") is designed to fit over compo-
nents such as transistors and some 
integrated circuits. The heat source is 
placed in the open end, thereby con-
centrating the heat only on the com-
ponent under suspicion. The tale will 
be told in about 30 seconds. 

The indication that the component 
being tested is bad will be obvious. 
There will be a sudden change of oper-
ation, or a sudden increase in the noise 
produced by the circuit — the change 
is only rarely subtle. 

when the problem Is cold 

"Cold" can mean anything from 
room temperature to arctic tempera-
tures. When equipment fails to oper-
ate in this range, area cooling is in 
order. 

Area cooling is more difficult, in 
some cases, than area heating. Try 
putting small devices (up to, say, the 
size of a mobile transceiver) in the 
refrigerator for about an hour. I still 
fondly recall the looks on the faces of 
shocked boat radio customers when I 
placed their "won't work on cold 
days" VHF-FM transceivers in the 
shop refrigerator. (Many of those rigs 
are merely overpriced variants of 

2-meter FM ham rigs, by the way). In 
most cases, 30 to 60 minutes in the 
refrigerator yields 5 to 10 minutes of 
troubleshooting time. 

Local cooling is necessary for isolat-
ing components. Use a can of freon 
"freeze spray" as shown in fig. 2. 
(Electronic supply stores sell this prod-
uct under several different brand 
names. The stores most likely to carry 
freeze spray are those whose clientele 
includes radio/TV/audio repair shops.) 

Be careful not to spray too wide an 

area. Freeze spray is expensive and 
general area cooling won't help you 
find the bad components anyway. Use 
the spray only on individual compo-
nents or small groups of components. 

You can verify identification of the 
bad component by reheating it with 
soldering iron or the gizmo shown in 
fig. 1-

If the problem repeatedly appears 
and disappears on heating/cooling 
cycles, then you've found the source 
of the problem. Even if the problem 
isn't consistently repeatahle, however, 
we can "work the odds" and replace 
the component "on speculation." 

Our final method for fixing intermit-
tents is another shotgun approach. In 

this case, however, we replace com-
ponents on a "scattergun" basis. (/ 
can hear the howls from here I / admit 
it's not very elegant, and provides no 
balm at all to salve the ego of the tech-
nical genius. After all, any dumb grunt 
can unsolder a half dozen components 
and replace them. . . . But let's con-
sider some facts of life.) 

I once worked in a hospital electron-
ics laboratory that repaired clinical 
equipment. The emphasis was on low-
cost, rapid repairs. One famous brand-
name patient monitor used vintage cir-
cuitry. The ECG preamplifier and the 
DC power supply regulator used liter-
ally dozens of 2N3393, 2N3906, and 
2N3904 plastic small-signal transistors. 
These transistors were typically con-
nected six to eight at a time in circuits 
with multiple feedback and signal 
paths, all direct coupled. (Trouble-
shooting in circuits like this is a dog.) 
At that time, those transistors cost us 
$25 per hundred in bulk-packed bags. 
It takes 15 minutes to replace eight 
small transistors that cost $2 total. A 
total of 30 minutes put the equipment 
back on line. 

The situation is only a little different 
for you. The biggest difference is that 
you buy transistors in overpriced blister 
packs rather than lots of a hundred; 
that's the price paid for buying onesie-
twosies. Nevertheless, when the 
troubleshooting problem seems intrac-
table, shotgunning components is a 
practical alternative! 

You can be almost as efficient by 
removing components one at a time 
and testing each one as you go. If you 
find the faulty components, then it's 
a reasonable bet that the job is done. 
Unfortunately, the nature of intermit-
tents — and Murphy's law — means 
that this form of troubleshooting fre-
quently fails. 

have a question for Joe Carr? 
Send your question to Joe Carr, ham radio, 

Greenville, New Hampshire 03048. While not ev-
ery letter can be answered personally, he will try 
to answer as many as possible In this column. 
— E d . 

ham radio 
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VHF/UHF WORLD 
Old Wives' tales 
and trivia 
It's hard to believe that two years have 
passed since my first column appeared 
in ham radio. 

Before I accepted K2RR's invitation, 
I spent much time trying to determine 
what kind of information would be 
required and how it should be organ-
ized. I knew that the material would 
have to be interesting, informative, 
easily understood, technically correct, 
and presented in proper sequence. 

The selection of general topics was 
easier. After all, I knew that antennas, 
receivers, transmitters, propagation, 
and test equipment were invariably 
favorite subjects of conversation 
whenever Amateurs got together. So 
I narrowed these general topics down 
to a list of specific technical subjects 
I thought most VHF/UHFers and 
HFers would find useful and then tried 
to arrange them — in building block 
fashion — in such a manner that all the 
basics would eventually fall into place. 
This may explain why I didn't jump into 
highly technical subjects — such as 
microwaves — right away. 

Finally, I drew on my vast file of let-
ters, both those answered and those 
I hadn't had time to answer. These 
clearly identified both the subjects of 
greatest interest and those subjects 
that Amateurs find most confusing. 
This immediately flagged specific items 
within the more general list of topics 
that needed special attention. Some 
letter writers, of course, asked for arti-
cles about microwaves. They had to 
wait, since microwaves wouldn't be 
easy to discuss without a base to draw 
on. 

Finally, the list of actual column 

topics and their tentative scheduling 
was complete. You've seen the result; 
in future columns, I'll try to cover new 
subjects, expand on subjects already 
covered, and explore further up into 
the microwave spectrum. 

In the meantime, if you're following 
this series and can spare a few min-
utes, I need a favor: please drop me 
a note telling me what you liked and 
disliked about this column so far. Be 
frank. If I did a botch job on any sub-
ject, left you hanging on some item or 
left out a major point, let me know so 
I can try to correct the situation in a 
future column. I'll draw heavily on the 
letters for future topics. 

Of course, as I've stated before, I 
can't possibly cover everything, nor 
can I answer all letters received. Just 
like you, I have only 24 hours in a day 
and a family that needs at least some 
of my time. After all, this is supposed 
to be a hobby! 

So let's take a break from the usual 
format and see how sharp you are. 
This will be your final exam on the first 
23 installments and associated refer-
ences listed therein. With the help of 
some of my V H F / U H F friends and lots 
of letters to draw from, I've put to-
gether some trivia, some facts, some 
fallacies, and a few old wives tales. I 
hope they'll be fun to discuss and at 
the same time provide informative 
answers. 

antennas 
Let's start with everyone's favorite 

subject — antennas — and see what 
kind of old wives tales, etc., we hear. 
Keep score, and no open books!. 

1. "If your antenna stayed up last 
winter it wasn't big enough." This 

is an original quote from one of the 
greatest VHF /UHFers ever, Sam 
Harris, ex W1FZJ, W1BU, KP4DJN, 
etc. 

This statement is obviously not true. 
Maybe you live in Southern California. 
Or maybe you had a mild winter. Even 
better yet, maybe you built a big 
antenna but engineered the mechanics 
properly. It's nearly impossible to 
anticipate everything. How can any 
antenna survive a hurricane with winds 
exceeding 100 mph (161 kmph)? And 
how can you prevent your neighbor's 
tree from falling on and snapping your 
guy wires? 

Tom, K 8 M M M , put it quite humor-
ously in a recent letter: "If an outland-
ishly super-huge spectacle of an 
antenna doesn't stay up through any-
thing nature has to afford for a partic-
ular area, it was too big, amateurishly 
conceived, and when down, due to all 
of the above — its owner is one of the 
least-heard-from and weakest things 
on the face of the earth I" 

All things being equal, you can 
design a good antenna system with 
adequate gain if you follow the rules 
given in references 1, 2, and 3. Refer-
ence 4 discusses mechanical consider-
ations and tubing strengths. Do build 
your antennas large enough, but not 
too large, and do so only with ade-
quate mechanical strength! 

2. "Always put your antenna as 
high as possible to get the best 
D X . " This statement is basically true. 
However, there is a law of diminishing 
returns. First, if you're fortunate 
enough to be situated on a hilltop and 
have no obstructions, there's little to 
be gained by going up over 3 to 5 
wavelengths. There's a problem if your 
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takeoff angle gets too low, especially 
when using F2, aurora, and sporadic-
E propagation. A t five wavelengths' 
height the takeoff angle will be about 
3 degrees. Both EI2W and VE1ASJ 
found that often the optimum F2 sig-
nals come in with the antenna tilted 
upward several degrees! Ten wave-
lengths high is a real waste of time. If 
you do put up a large antenna on a 
high tower, it just may be large enough 
to meet the requirements spelled out 
by K8MMM. 

Furthermore, especially on the UHF 
and microwave bands, the feedline 
loss can be horrendous.5 Depending 
on frequency, going up an additional 
50 feet (15 meters) may increase the 
effective gain by 1 dB while incurring 
another 2 dB feedline loss, an overall 
net loss of 2dB in station perfor-
mance.6 For VHF/UHF'ers I offer the 
following rule: go high enough to clear 
local obstructions and STAY THERE. 
This is probably high enough! 

3. "Col l inears are preferred over 
Yagis because they have broader 
b a n d w i d t h and larger capture 
area." This is truly a fallacy. While the 
bandwidth of a collinear antenna may 
be greater than a Yagi's, the match-
ing method is often the limiting factor.1 

Also, what good is bandwidth when 
most VHF/UHFers never stray more 
than 50-100 kHz from the calling fre-
quencies?6 

As for capture area, this is a fre-
quently misunderstood concept that 
was discussed in depth in reference 3. 
Capture area is directly related to gain 
regardless of the physical configura-
tion of the antenna. Note that the cap-
ture area of a Yagi is usually much 
greater than its width and height, while 
with a parabolic dish it's the reverse, 
typically only 55 to 60 percent of the 
area of the dish.3 

As discussed in reference 1, the 
choice of a collinear is primarily one of 
cost versus physical area. The collinear 
is usually a low-cost antenna, but 
takes up lots of area. The Yagi, while 
more critical to design, has less physi-
cal area and allows multiple antennas 
even on different bands on the same 

mast. The bandwidth doesn't usually 
enter into the final decision at all. 

4. " A l w a y s s tack Yagis two- th i rds 
of the boomleng th apa r t . " Under 
certain conditions, typically with inter-
mediate (2 to 3 wavelengths) Yagis, 
this may be true. However, for the vast 
majority of designs in use, and partic-
ularly the long Yagis, this would be a 
gross error. 

This two-thirds boomlength rule 
was a common misconception when 
the effects of capture area were poorly 
understood. Stacking antennas too 
closely results in low gain, while stack-
ing too far apart (especially with 
Yagis), gives high sidelobes and a 
beamwidth so narrow as to make aim-
ing the antenna3 properly very difficult. 
Check the beamwidth.2 Then consult 
the charts in reference 3 and stack 
those antennas accordingly. 

5. "The best Yagi designs are the 
ones produced by N B S . " The NBS 
Yagis were a great stride forward. For 
once we had a cookbook with meas-
ured results. However, only six of the 
original NBS designs were provided in 
NBS Technical Note 688.7 That repre-
sents only a small percentage of Yagi 
designs available to date. 

The noteworthy item about the NBS 
Yagi antennas is that if they are 
properly duplicated, they will work to 
specification. However, if one of the 
six designs doesn't fill your require-
ments, or if you need a longer boom-
length, there are no other NBS designs 
available. 

Today there are literally an infinite 
number of other designs that will fit 
any length of boom desired.89 Fur-
thermore, using computer optimiza-
tion techniques, up to 0.5 dB gain 
improvement is possible using existing 
Yagi designs such as the NBS 4.2 
wavelength design.10 We've just 
begun to open up a whole new area 
for improved Yagi antennas. 

6. " T matches should be used on 
h igh per formance Yagi antennas 
since Gamma matches don ' t w o r k 
very w e l l . " This fallacy has been 
around for some time. It was fueled 

when all the new high-performance 
Yagi antennas, using balanced feeds 
and T matches, started springing up in 
the late 1970s. The Gamma match is 
capable of good performance. But it 
tends to inject a small imbalance into 
the design, which can cause a slight 
pattern skewing. The latter effect can 
be obviated by unbalancing the length 
of the driven element.11 

Establishing a good ground for the 
Gamma return path is difficult. Hence, 
at UHF frequencies, the transmission 
line often gets hot and the VSWR and 
radiation pattern of the antenna 
changes as the feedline is moved to 
different positions. Furthermore, the 
size of the gamma rod can get out of 
proportion at the higher frequencies. 

Therefore, a good T match with a 
built-in balun is hard to beat, especially 
when antennas are to be stacked. It 
takes more hardware, however, than 
a Gamma match and can be lossy if 
the balun design is not properly 
handled. 

7. "Every t ime the size of an an-
tenna array is doubled, the gain in-
creases by 3 d B . " This is true only in 
theory. Most antennas don't have a 
perfectly rectangular capture area or a 
clean pattern free of sidelobes.3 As a 
result, antennas usually have to be 
stacked more closely than desired, 
with a resulting loss of gain.3 

Stacking harness loss — which can 
approach 0.5 dB! — cannot be ig-
nored. This is why the backplane feed 
system is recommended at the higher 
frequencies and where long transmis-
sion lines are used.4 

Failure to provide sufficient mechan-
ical strength not only in the individual 
antenna to be stacked but in the stack-
ing frame can also cause gain to be 
lower than expected. Therefore, an 
array of long Yagis with a few feedlines 
is recommended over an array of 
smaller Yagis with more feedlines.1 

Plan on a 2.5 dB increase for each 
doubling of the array size. 

8. "Sidelobes rob power and lower 
antenna gain." This is not necessarily 
true. The relationship of gain to side-
lobe ratios was discussed in reference 
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2. It was shown in reference 3 that if 
the sidelobes are down 15 to 18 dB in 
the antenna to be stacked, the grating 
lobes in the final array should be down 
13 dB for optimum gain. However, if 
the antennas to be stacked have side-
lobes 13 or less dB down before stack-
ing, they can't be optimally stacked. 
Each case must be studied separately, 
using references 2 and 3. 

9. "A good antenna requires a 
balun." Not true. As stated above, a 
Gamma match can be effective. A well 
designed balun can do a great job of 
eliminating any radiation from a trans-
mission line.12 But an improperly 
designed balun, or one that uses a 
lossy transmission line, can actually 
lower the gain of the antenna! Proceed 
with caution and keep all balun losses 
as low as possible. 

10. "Front-to-side and front-to-
back ratios are important antenna 
design parameters." This statement 
is only partially true. The lobes at 90 
degrees off boresight on a properly 
designed and built Yagi antenna are 
virtually at infinity in the E plane.2 

A good front-to-back ratio may 
seem desirable for eliminating an inter-
fering signal off the back of an an-
tenna, but ratios exceeding 20 dB are 
not going to measurably improve gain 
or noise temperature. Furthermore, 
the angle subtended by the rear lobe 
is typically narrow so it is of dubious 
value. In a contest, it may be to your 
advantage to have some rear lobe radi-
ation so you don't miss a new station 
or multiplier off the back of your 
antenna. 

11. "The more elements in a Yagi 
antenna, the higher the gain." This 
is definitely false. Note that the NBS 
4.2 wavelength Yagi has 15 elements, 
or two fewer elements than the 3.2 
wavelength design. Yet it has more 
gain.7 

What's more important in a Yagi 
antenna design is where the elements 
are placed with respect to each other 
(proper inter-element spacing) and the 
respective lengths of each director. 
There is a minimum number of ele-

ments to optimize the gain for each 
boom length. However, while extra 
elements may not be required, they 
can frequently be used to improve pat-
tern and bandwidth of the design.89 

12. "Stacking improves gain and 
performance." Properly executed, 
the gain of an array is improved if it's 
properly stacked.3 Unfortunately, the 
operational performance may be de-
graded. For instance, if the beamwidth 
is too narrow in the horizontal plane, 
the array may not be optimum for 
meteor scatter operation, where the 
signals frequently arrive off the path.13 

Also, auroral propagation may be 
degraded by vertical stacking. The 
proper stacking, be it vertical or hori-
zontal, is a function of the type of 
propagation desired.6 

operating 
1. "The best place to operate is 
right on the calling frequencies 
since that's where the action is." 
Unfortunately, there's plenty of truth 
to this statement, especially when 
good propagation conditions are oc-
curring, such as during meteor show-
er and sporadic-E openings. This has 
been a real problem ever since the con-
cept of VHF/UHF "calling frequen-
cies" was instituted in the U.S.A. in 
1978.® It's really sad, since it usually 
deprives all but the largest stations 
from sharing in the DX. 

If the calling frequency concept is 
properly used, stations will call CQ or 
an appropriate station and immediately 
QSY to a different frequency so that 
others can then use the calling fre-
quency. Always remember to QSY at 
least 10 kHz away from the calling fre-
quency. QSYing only 5 kHz away very 
often causes QRM to other stations 
listening on the calling frequency, 
especially if adjacent stations are 
strong or if there is any splatter. 

2. "146.52 MHz is a good frequency 
for VHF contest operation since 
there are so many stations that 
operate there." This freqency has 
been controversial for some time. In 
the early days of FM operation, most 
rigs were crystal-controlled and 146.52 

MHz was often the only simplex crys-
tal provided when the rigs were pur-
chased. Hence it became a common 
meeting frequency for those who use 
simplex channelized FM. But as time 
went by, this frequency became very 
congested. What's more, it became a 
calling frequency for FM'ers as well as 
a frequency for passing emergency 
traffic. So it became a real sore point 
when contesting invaded 146.52 FM. 

For the present, it's rather a moot 
question since contests — at least 
those run by ARRL — are no longer 
permitted on this frequency. Suffice it 
to say that this frequency should be 
used only as a calling frequency and 
for passing emergency traffic. Once 
contact is established, a quick QSY to 
one of the adjacent FM channels is 
suggested. 

3. "Scheduling stations during a 
contest, especially those stations 
out of your area, helps to improve 
your score." This is probably not true 
unless you're a big contest station and 
desperately need every possible multi-
plier. Schedules do attempt to bring 
together people who normally may 
have difficulty casually running into 
each other. But schedules frequently 
take up valuable contest time. If too 
much time is used on schedules, 
there's a possibility that you may miss 
contacts by not working random sta-
tions that stay around for only a short 
time. Scoring must be carefully evalu-
ated to see where your strengths and 
weaknesses lie. 

4. "Everyone should develop his or 
her own style of operating proce-
dures." This is an individual prefer-
ence. It's always interesting when 
someone develops a new procedure 
that increases or improves communi-
cations. Such cases that quickly come 
to mind are meteor scatter and EME 
QSO procedures. But Amateurs who 
try to invent new procedures should be 
prepared to have lots of failures unless 
others know what they're up to! Con-
fusion may follow when new routines 
or procedures are adapted. Signals on 
VHF/UHF are often weak, and any 
changes in operating procedures from 
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those normally used could cause con-
fusion and incomplete QSOs. 

propagation 
1. "Operation on EME requires an 
investment of thousands of dol-
lars." This is no longer true, especially 
if you're resourceful and are willing to 
build much, or even all, of your own 
gear. The most costly items associated 
with EME operaton are usually the 
antenna system and the power ampli-
fier. There are now more than enough 
antenna designs available to enable 
you to "roll your own" EME antenna 
for any band where EME operation is 
presently conducted. Their perfor-
mance can equal or exceed that of any 
commercially available antenna. 

Likewise, there are plenty of designs 
available for power amplifiers.14'5 

There's no need to run expensive 
tubes unless you want to go to the 
legal limit. Many active EME'ers (in-
cluding yours truly) have never run 
over 750 watts of output power and 
have been quite successful. You can 
also purchase or trade amplifiers. 

Full legal power can definitely 
increase success ratios. Power helps 
when conditions are poor or if one of 
the EME stations is only marginal. (For 
further information, see references 16 
and 17. The bibliographies at the end 
of these references provide more than 
enough information to help you keep 
costs down.) The best advice / can 
give on keeping costs low is to try 
tested and proven designs. Avoid in-
venting new designs that may be more 
costly — especially if they're not 
successful! 

2. "The Perseids meteor shower 
always peaks on the morning of 
August 11." This is a myth. There are 
times every few years when this 
meteor shower does peak on this date 
and time. But you have to remember 
that the showers occur at the same 
time each year unless they're deflected 
by a planetary encounter. Since our 
year is 365.25 days long (that's why we 
have a leap year every four years), the 
shower, in Earth time, will occur 
approximately 6 hours later each year! 

Even though the shower may peak 
at a specific time, that may not be the 
best time for a schedule, since the 
radiant* of the shower may not be in 
the proper location for communication 
in the direction desired. For example, 
it won't be very productive to operate 
when the radiant of the shower is on 
the other side of the earth, even if it 
is during the peak of the shower! (See 
references 13 and 18 for further infor-
mation on this and other questions 
about meteor scatter communica-
tions.) At the end of each month's 
VHF/UHF World column I list the 
latest updated information on the 
predicted peak of the major showers; 
please note that this information does 
not include the location of the radiant.) 

3. "Circular polarization is the 
only way you can operate on 
OSCAR." This has been proven false 
many times by those who regularly 
operate the satellites. It's true that cir-
cular polarization can yield up to 3 dB 
improvement on transmitting and 
receiving the satellites. 

However, due to the geometry in-
volved, the "sense" of circular polar-
ization may actually reverse. As a 
result, you'd be significantly weaker on 
circular polarization during these times 
than if you used linear polarization if 
the sense reverses. 

The bottom line is that you can use 
linear polarization on OSCAR with the 
possibility of a greater fading rate. Cir-
cular polarized antenna systems are 
recommended, but only if they provide 
the capability for switching sense from 
clockwise to counterclockwise as 
required. 

4. "Good openings always occur 
with a high barometer." This is par-
ticularly true for tropospheric propaga-
tion, but is not true for aurora, F2, 
sporadic E, etc. In North America, the 
best tropo openings seem to occur 
during the spring near the Gulf of Mex-
ico, during the summer on the Cali-
fornia-to-Hawaii path, and during the 
summer and fall in the more northern 
latitudes.619 

*Radiant — the point in the sky from which meteors 
appear to emanate. 

Furthermore, the best tropo open-
ings usually occur when a slow-mov-
ing high pressure (30.3 inches or 1025 
millibars) area is present and mixed 
with warm moisture from the south. 
(For further information, see refer-
ences 6 and 19.) 

5. "The VHF/UHF bands are always 
open. It's just a case of no activ-
ity." This is a definite fallacy. I fre-
quently hear this statement right after 
a VHF contest when the propagation 
conditions were good and there were 
lots of mountain-top stations. The 
dates of the ARRL June and Septem-
ber VHF QSO parties were purposely 
chosen to coincide with periods that 
have proven, over the years, to offer 
a high probability of extended open-
ings. The August UHF and the spring 
Sprint contests are usually popular 
even though extended openings are 
few because of poorer propagation 
conditions at that time of year. 

High locations do give some DX ex-
tension by virtue of the fact that they 
see a more distant horizon than a low-
altitude station. Most mountain-top-
pers have shorter feedline and fewer 
obstructions to limit propagation. 
Although there are admittedly more 
mountain-top operations during the 
contests, there are fortunate persons 
who own mountain-top QTH's and are 
on the air year 'round. They can testify 
to the inaccuracy of the falsehood 
above. 

Many good openings go undetected 
or are caught by only a few avid or 
lucky operators. Openings are missed 
mainly because of low, uncoordinated 
activity. We all know the frustration of 
calling a CQ with a highly directive an-
tenna, only to find out later that a DX 
station was heard in our area, but that 
he had his antenna pointed in a differ-
ent direction at the time of our CQ. 

The best way to catch openings is 
to watch weather maps, be vigilant 
during the most likely seasons for 
openings6'9 monitor the calling fre-
quencies, take advantage of propaga-
tion beacons, and adhere to nightly 
schedules as well as uniform activity 
nights and hours.6 
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6. " I t takes a hurricane to get a 
good tropo opening." I have long 
observed that the good openings at 
higher latitudes often occur when hur-
ricanes occur south of the path (refer-
ences 6 and 9). But there are excep-
tions — for example, the Gulf of 
Mexico opening in the spring, and 
openings in the fall in the more north-
ern latitudes. 

What 's required for an opening is 
explained in item 4 above. Yet the 
coincidence of longer DX openings 
occurring when hurricanes are present 
cannot be denied. Hurricanes cause 
low pressure areas to develop. These 
low-pressure areas affect high pressure 
areas, causing them to build up and 
move slowly — this slow movement, 
combined with the warm moisture 
drawn from the low pressure area, 
results in extended openings.6 

receivers 
1. "You need a G a A s FET preamp 
to work D X on the V H F / U H F 
bands." This is definitely false. How 
do you explain all the DX before solid-
state devices were available in the 
1960s? There are plenty of good 
JFETs, MOSFETs , and bipolars that 
yield low noise figures (1 to 2 dB), 
which is more than sufficient for non-
EME modes where local noises are fre-
quently the limiting factor in com-
munications. 

There's no denying that GaAs FETs 
are becoming very popular.20 In many 
cases, they've improved receiver sen-
sitivity. But the fallacy that they're the 
only devices that work well has prob-
ably been irrevocably spread since 
antenna-mounted preamplifiers are 
now quite popular and most use GaAs 
FETs. 

2. " A low noise figure receiver will 
always outperform one with a high 
noise figure." You can't deny that 
receiver sensitivity is a great factor in 
communications. After all, " If you 
can't hear them, you can't work 
them." But noise figure is only one 
part of the equation. High dynamic 
range is also extremely important, 
especially if other strong stations are 
present. Low-noise preamplifiers often 

have poor dynamic range.20 High gain 
ahead of a mixer, especially a poor 
one, can cause blocking and IMD as 
well as other annoying phenomena.21 

Many modern receivers, and in par-
ticular the synthesized HF transceivers, 
have very poor phase noise and are 
easily overloaded.22 Therefore, in order 
to hear the weak ones, attention must 
be paid to the dynamic range as well 
as the noise figure of the receiver. 

3. "28 M H z is a good IF for a 
V H F / U H F converter." Generally 
speaking, this is true. Attention must 
be paid to dynamic range, as just dis-
cussed. However, when you go up in-
to the UHF frequencies, image rejec-
tion becomes a real problem.23 It's not 
a trivial problem to filter out an image 
only 56 MHz away from a 1296 MHz 
converter without incurring some un-
desirable filter loss.24 Image rejection 
or image recovery mixers are recom-
mended.23 For simplicity, 2-meter 
(144-144.5 MHz) IFs are an acceptable 
alternative and are becoming very 
popular. 

4. " A 1 M H z crystal calibrator 
makes an accurate V H F / U H F fre-
quency calibrator." This is definitely 
false. Crystals below 3 MHz (because 
of their "cut" ) are usually much less 
stable than those between 3 and 10 
MHz.26 Furthermore, 3 and 4 MHz 
markers are very convenient because 
they can place loud, easy-to-find 
calibration points in most receivers on 
144 MHz and above. 

The calibrator discussed in reference 
25 is highly recommended and should 
be an essential part of every well-
equipped VHF/UHF station regardless 
of the equipment used. Your success 
rate drops dramatically when you don't 
know your frequency within at least 1 
kHz, especially on EME and meteor 
scatter communications.131617 

5. "You need a Hewlett Packard 
8970A noise figure meter to accu-
rately tweak a preamplifier to its 
lowest possible noise figure." This 
is definitely false. There were plenty of 
optimized low-noise preamplifiers long 
before the HP 8970A arrived on the 

scene a few years ago. The older A IL 
models 74 and 75 as well as the HP 340 
series gave good results. 

The principal reason for the popular-
ity of the HP 8970A is that it's quick 
and easy to use, measures both noise 
figure and gain simultaneously, and 
has a digital readout with 0.01 dB pre-
cision. It's been shown, however, even 
by the manufacturer, that the results 
are probably only accurate to +0.5 
dB. It's also been shown more recently 
that preamplifiers with poor input 
V S W R (such as most GaAs FETs) can 
cause large measurement errors (up to 
0.5 dB) if you don't use a noise tube 
with at least 10 dB of extra internal 
attenuation (such as the newer HP 
346A type).20 

Don't be fooled by digital readouts 
and extravagant claims. What ' s really 
important is whether your preamplifier 
is optimized to the minimum noise fig-
ure it can deliver (this can be done with 
either the older or newer instruments) 
and how it stacks up with other de-
signs (comparison at noise figure 
measurement parties). 

6. " A 1N21 or back biased transis-
tor makes a good noise figure gen-
erator." This is usually untrue. Many 
of the older 1N21 type of noise gener-
ators had terrible V S W R that caused 
the preamplifier under alignment to be 
optimized to the noise generator impe-
dance rather than to 50 ohms. This can 
also be true with transistors. Always 
use at least 10 dB of attenuation, pre-
ferably an attenuator " p ad " with low 
(1.2:1 maximum) V S W R , between 
your noise generator and the device-
under-test. (See item 5 above.) 

7. " A Dow-Key relay won ' t have 
sufficient isolation at V H F / U H F 
frequencies." This can be misleading 
unless the specific type of relay is 
stated. Some of the Dow-Key relays 
have an extra isolation feature. Other 
manufacturers also have isolation 
problems. 

It has been pointed out that for safe-
ty's sake, the power entering a low-
noise preamplifier should not exceed 
10 milliwatts and 100 milliwatts at 
worst case.16 It was also shown in 
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reference 16 that for optimum results 
and safety, a two-relay system is 
recommended. The second relay 
should return the preamplifier to 50 
ohms during transmit to prevent amp-
lifier oscillation and possible destruc-
tion during transmission periods. 

It was further pointed out in refer-
ences 16 and 26 that the length of 
transmission line between the two 
relays is important if the increased iso-
lation is to be obtained. Suffice it to 
say that much more attention should 
be paid to the relay types used and at 
least 50 dB of transmit-to-receive iso-
lation is highly recommended, espe-
cially when high power is used. 

8. " I built it just like the article and 
it didn't work." Oh, how often 
authors hear this statement! For this 
very reason I've often spent hours 
carefully writing and then rewriting my 
column to make sure that everything 
is perfectly clear. Proof copies are 
carefully scrutinized several times 
through the various stages of produc-
tion. However, bugs do occasionally 
creep in! 

Suffice it to say that all circuits 
should be duplicated exactly as shown 
(providing that an error hasn't crept 
into the schematic!) unless you have 
enough test equipment and experience 
to outwit the author. I must admit that 
I will sometimes not publish new de-
signs for fear that they may be too 
complicated or will be likely to cause 
a rash of angry letters. If you alter an 
author's circuit, however slightly, or 
substitute a different part than speci-
fied, don't blame the author or ask him 
for help if you experience a problem! 

transmission lines 
1. "Open-wire transmission line 
has less loss than coax." This is 
probably true if the V S WR on the open 
wire line is low, or if there's no con-
tamination or moisture on the insula-
tors.4 However, open wire lines must 
be relatively straight and be kept away 
from other lines and antennas. A s a 
result, coaxial cable, even though it 
may have slightly higher loss, may be 
more desirable, especially when multi-

ple antennas and feedlines are present 
on the same mast, (For further infor-
mation on this subject, see references 
4 and 5.) 

2. "A lways cut phasing lines in 
multiples of one-half wavelength." 
This theory was debunked in reference 
4, where it was pointed out that for 
proper power distribution, odd num-
bers of quarter-wavelength feedlines 
are preferred. (Refer to reference 4 and 
its references for further information 
on this subject.) 

3. "The way to improve EME an-
tennas is to replace all coax with 
open wire lines." This subject was 
discussed in detail in references 4 and 
5. For many of the reasons mentioned 
above, coaxial cable, properly chosen 
and used, may be preferable to open 
wire line. 

4. "You need a Bird wattmeter to 
accurately measure transmitter 
output power and V S W R . " This is 
also not true. There are other suppliers 
of good accurate power/VSWR 
meters. Most power meters have their 
own limitations. For instance, the 
accuracy of the power indicated is 
usually only ± 5 percent of full scale. 
This means that a 5-watt error is pos-
sible on the 100-watt scale. This can 
really affect the power measurement 
at a 25-watt power level on the same 
scale! 

V S W R measurement accuracy is af-
fected by the directivity or ability of the 
instrument to be able to distinguish be-
tween a true and a poor V S W R . Typi-
cally 20 to 30 dB is the limit, meaning 
that V S W R readings below 1.2:1 may 
be inaccurate. 

Accurate readings of V S W R can be 
accomplished at low levels using the 
techniques and inexpensive coupler or 
V S W R bridge described in reference 
27. If you build a hybrid coupler simi-
lar to the one in reference 27, you can 
build your own power meter and cali-
brate it against a borrowed meter. Un-
less you're measuring power near the 
legal limit or are trying to measure the 
efficiency of a high-power amplifier, an 
expensive power/VSWR meter is not 

required. But once you use one, you'll 
be hard pressed to do without it. 

5. " A 1.5:1 V S W R is good enough." 
This is true. But where is the V S W R 
measured, and how accurate is the 
V S W R meter? Reference 5 pointed out 
that the length and loss of the trans-
mission line between the antenna un-
der test is extremely important on VHF 
and higher frequencies. For instance, 
a line loss of 7 dB (not uncommon on 
some of the higher bands where long 
runs are needed) transforms an open 
or short circuit (infinite VSWR!) at the 
far end into 1.5:1 V S W R at the near 
end.27 

It can't be stressed enough that for 
optimum performance on the VHF and 
the higher bands, the quality of the 
V S W R meter as well as the feedline 
loss® must be taken into account when 
testing for VSWR! 

6. "RG-58 can be used on 432 
MHz. " True — but the results may be 
disastrous! This type of line normally 
has a loss of over 10 dB per 100 feet 
(30.5 meters) and can handle only 
about 75 watts safely at 432 MHz.5 So 
RG-58 coax cable should be used 
only sparingly in places where the line 
loss is not critical. 

7. "PL259s are OK at 432 MHz." 
True. But this is so only if the PL259 
is properly integrated with the coaxial 
cable. It must be stressed that the 
PL259 is not watertight, doesn't have 
a guaranteed VSWR, and probably 
can't handle much power on the UHF 
frequencies. Therefore, it should be 
avoided if at all possible. 

8. "Heliax™ and hardline transmis-
sion lines are too expensive for 
Amateurs." This is a common mis-
conception.5 The cost of generating 
high power at VHF/UHF frequencies 
and high transmission line losses are 
usually the limiting factors in success-
ful communications. Placing preamp-
lifiers at the top of a tower helps the 
receive path, but transmitters (espe-
cially the high power tube type) are not 
readily mounted at the top of a mast. 

Good quality feedline such as Heliax 
and hardline, with their low insertion 
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loss, will not only deliver the most 
"bang for the buck," but will also fre-
quently outlast lower cost transmission 
lines by a 2 to 5:1 ratio. If remote re-
lays are used, they can do double or 
even better duty by servicing multiple 
antennas. A s a result, the high initial 
cost is quickly amortized over the years 
and the performance is top notch to 
boot. Couple this with the favorable 
prices often found at flea markets and 
you have a super bargain! 

9. "The G-line is a nickname for the 
chorus line at a burlesque house." 
I ask this question to see if you're still 
awake. "G-line" was mentioned in my 
October, 1985, VHF/UHF World Col-
umn.6 It's basically a single wire trans-
mission line similar to a toy "string 
telephone." It has many exciting possi-
bilities for low loss and inexpensive in-
stallations. See the October article for 
further information. 

transmitters 
1. "VHF/UHF amplifiers typically 
have 20 dB of gain." This theory, 
which has been around for some time 
now, invariably causes grief when 
someone discovers that you can't run 
1500 watts of output with a 10-watt 
driver.14 Typically speaking, the gain of 
most VHF amplifiers is 15 to 20 dB and 
10 to 16 dB at UHF. This is only if the 
amplifier is operated in linear service. 
Class C has lower gain and is not rec-
ommended for reasons mentioned in 
reference 14. 

The more modern grounded grid tri-
odes frequently have 3 dB lower gain 
than this although they are usually 
more stable than the older neutralized 
designs. When you buy or build an 
amplifier, check the specifications be-
forehand and see what the drive re-
quirements will be. You may need an 
additional driver to get the output 
power expected from your amplifier.28 

2. "You can run a single 4CX250B 
at 500 to 600 watts output." True, 
but your tube won't last very long\ 
Amateurs seem to have a thing about 
running devices past manufacturers' 
ratings! They frequently provide insuf-
ficient cooling to boot. Better read 

references 14 and 15 and drop your 
power, too. Both you and the tube will 
be friends for a longer time! 

3. "You can't operate 2-meter EME 
without an 8877 amplifier." If there 
ever was a misconception, this is it. 
Hundreds of Amateurs operate EME 
without running the legal limit or using 
a high power tube like the 8877. 

Other tubes that will deliver the 
same power1415 are available. Tubes 
can also be run in parallel. You can 
operate EME with as low as 500 watts 
of output power if you're patient, have 
sufficient antenna gain, and "have 
your act together."1617 

4. "Speech processing extends 
your S S B transmitting range and 
prevents you from splattering." 
This statement is true as long as you 
use the speech processing properly 
and don't overdrive your transmitter. 
All too often, Amateurs not only run 
their amplifiers in a highly non-linear 
fashion but also run improperly ad-
justed speech processors. If you run 
speech processing, the duty cycle on 
the power amplifier will increase. If you 
don't increase cooling to the final 
stage, you could experience premature 
failure. 

5. "If your maximum output power 
level is 100 watts you should occa-
sionally see that power level regis-
ter on S S B peaks on your output 
power meter." Boy, here's another 
big lie. Ever since reasonably priced 
power meters became available, 
they've been used to do the wrong 
things. For starters, most power 
meters have a highly damped meter 
movement. As a result, they respond 
slowly. The truth of the matter is that 
under normal circumstances, the 
power meter should be indicating no 
more than about 25 to 30 percent of 
the actual power level of the amplifier 
in a key-down position.29 It's for this 
very reason that solid-state ampli-
fier/drivers have gotten such a bad 
reputation. 

6. "You can run a pair of 4CX250B's 
at 1 kW output on S S B . " This is 
true. However, you won't have many 

friends. The 4CX250B is rated on S S B 
operation at 500 watts input for 300 
watts PEP output per tube with an 
IMD of only 25 dB.14 IMD of 30 dB is 
considered Amateur standard. So 
don't argue with fellow Amateurs 
when they say you're splattering and 
you are only running 600 watts PEP 
output from a pair of 4CX250Bs! 

7. " I M D isn't a real problem on the 
VHF/UHF bands since there are so 
few stations and they're all geo-
graphically separated." Amateurs 
on VHF/UHF used to say that they 
didn't have to worry about dirty signals 
on VHF/UHF since there were so few 
people and so much spectrum avail-
able. But that's all changing now, with 
many stations coming on and often 
operating in close proximity to the call-
ing frequencies. Line of sight, higher 
gain antennas, and sensitive receivers 
that often lack high dynamic range are 
compounding the problem.2122 Better 
start watching your signal quality as 
closely as you do on the DC bands. 

summary 
This month's column, sort of a 

mixed bag, was intended to put to rest 
several of the most popular old wives' 
tales. Most of the statements made 
were addressed in the past 23 columns 
and the other references cited. I hope 
you'll be sufficiently interested in the 
subjects discussed to research the ref-
erenced material independently. At the 
same time, I hope you've enjoyed this 
departure from my usual format and 
will continue to follow this column as 
faithfully as you have. Don't forget to 
drop me a line with any suggestions or 
advice. 

acknowledgements 
I'd like to thank all the unnamed 

Amateurs who brought the statements 
for this month's column to mind. Un-
fortunately, I can't name you all, but 
some of you would rather not be iden-
tified anyhow! I do want to extend 
special thanks to Lewis Collins, 
W1GXT, and Gary Madison, WA2NKL, 
for helping me assemble many of the 
statements used as the basis for this 
month 's column. 
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ANTENNA SALE 
HYGAIN TOWERS 
HG37SS C 
HG52SS A 
HG54HD L 
HG70HD L 

CUSHCRAFT 
A3 2 0 5 . 0 0 
A4 275.00 
R3 255.00 
40-CD2 275.00 
AV5 96.00 
32-19 89.00 
215WB 75.00 
ARX2B 35.00 
A144-11 46.00 
A144-20T 69.00 
424B 75.00 
AOP-1 137.00 

KLM 
KT34A 329.00 
KT34XA 475.00 
432-20LBX 64.00 
432-30LBX 90.00 
435-18C 109.00 
435-40C 149.00 
2M-13LBA 77.00 
2M-14C 85.00 
2M-16LBX 89.00 
2M-22C 115.00 

HYGAIN 
TH3JR 
TH7. 
EX 14 C 
14AVQ A 
18AVT L 
V2 L 

V3 
V4 

HUSTLER 
25% OFF ALL MOBILE 
6BTV 125.00 

AEA 
144SR 42.00 

BUTTERNUT 
HF6V 110.00 

HF2V 110.00 

RG213U $.26/foot 

ROTATORS 
CD45 139.00 
HAM IV 228.00 
T2X 275.00 
AVANTI 2M 29.95 
Hl-Q BALUN 9.95 

K E N P R O . „ „ „ 
KR400 119.00 
KR500 149.00 
KR600 199.00 
KR5400 249.00 
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impor tant VHF/UHF events 

December 2: 

December 11: 
December 13: 

December 21: 

December 21: 

January 3: 

January 8: 
January 11-12: 

7 to 11 PM local SWOT 

2-meter QSO party Iinforma-

tion from KSIS) 

EME Perigee 

Peak of the Geminids Meteor 

Shower predicted at 0650 

UTC 

Peak of the Ursids Meteor 

Shower predicted at 2200 

UTC 

+ 1 month, winter peak of 

sporadic-E propagation 

Peak of the Quadrantids 

Meteor Shower predicted at 

2300 UTC 

EME perigee 

ARRL VHF Sweepstakes 

contest 

ham radio 

Have a name — but need the Call Sign? 
Traveling — and want to meet local Hams? 

NEW 
JUST RELEASED 

1985 1986 Amateur Rado 

NAME INDEX 
By Name and Call 583 pages 

1985-1986 Amateur Radio 

GEOGRAPHICAL INDEX 
By Stale, City. Slreel No and Call 653 pages 

No frills directories of over 462,000 U.S. 
Radio Amateurs. 8V2XI1, easy to read 
format. 

• NAME INDEX—$25.00 

• GEOGRAPHICAL INDEX—$25.00 

Add $3.50 shipping to all orders. 

ham„-
F i M f O ™ . -

B00KST0RE 
Greenville, NH 03048 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MISSOURI 64150 

816-741-8118 

CALL TOLL FREE 
1-800-821-7323 

.-.[>: S A . [ ' [ ) • - AT L l . O W f 
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D X FORECASTER 
Garth stonehocker, KORYW 

MUF Forecasting 
Recent studies of variations in max-
imum usable frequency (MUF) and its 
controlling factor, foF2 (the maximum 
ion density of the ionosphere), show 
how to do MUF forecasting (a day or 
two ahead) during the next year of 
DXing. In previous columns, methods 
for obtaining a mid-latitude noontime 
foF2 or MUF baseline (average) value 
using the average solar flux value for 
the same month were provided.1 

The daily percentage change in 
MUF can be obtained by using a fac-
tor related to the daily change in solar 
flux or geomagnetic A index. The fac-
tor given in 1984 was percentage 
change in MUF equals 30 per cent of 
the solar flux change (1 per cent for 
every 3 flux units). This was when the 
solar flux numbers were in the 150s, 
with large daily excursions of 10 to 20 
units and a 2 to 3-day delay for the 
ionosphere's foF2 to catch up. This 
approach to forecasting really works! 

Now that we're near minimum sun-
spot number, does the same factor still 
apply? No. Since the ionosphere is a 
geophysical system in equilibrium (i.e., 
balanced), expect compensating con-
ditions to occur even though MUFs are 
lower. The large and fast variations no 
longer occur but are slower-changing 
— 10 to 20 units in value over a period 
of several days. 

One study shows that the iono-
sphere is now more sensitive to solar 
flux changes. The new factor has each 
flux unit equal to 1.2 the percentage 
foF2 change. In addition, the 2 to 3-
day delay is no longer experienced 
because solar flux variations occur 
slowly enough for the ionosphere to 
"keep in step." 

The study also indicated that the 

influence of geomagnetic field varia-
tions on the ionosphere is greater now 
than when solar flux levels were 
higher. For example, at higher fluxes, 
an A of 16 to 30 decreased the foF2 
by approximately 4 to 7 per cent and 
an A of over 100 resulted in a 15 per 
cent decrease from the median value 
of the month. At the current flux level, 
an A of 11 to 70 causes an 8 to 25 per 
cent decrease in foF2. There appears 
to be quite a difference. However, the 
foF2 median value at the higher value 
of flux was 9 MHz; currently it is 5.5 
MHz. Take 15 per cent of 9 MHz and 
25 per cent of 5.5 MHz. Notice that 
these values are very close to 1.25 
MHz — the actual foF2 reduction — 
in either case. 

The ionosphere has a way of equal-
izing effects between sunspot ex-
tremes. These foF2, solar flux, and A 
index relationships were further con-
firmed by a study conducted at the 
Insti tute of Telecommunicat ion 
Sciences (ITS) in Boulder, Colorado. 
The study examined the distribution of 
MUF values about the median (value) 
for the month over a 6-hour period 
during each day during the various 
seasons and over three sunspot num-
ber ranges. They found little difference 
(only 2 per cent) between mid-latitude 
MUF variation and sunspot levels. 
(More on this study next month). 

In summary, the current solar flux 
increases, though small, cause the 
mid-latitude MUF to increase (1 per 
cent for each flux unit). During dis-
turbed geomagnetic field conditions, 
the reduction in mid-latitude MUF 
(which occurs a few hours after the 
onset of a storm! can be found from 
this relationship: percentage change in 
MUF = 0.375A +3.75. Values of solar 
flux and geomagnetic field indices are 

broadcast by WWV at 18 minutes after 
the hour. These new factors should 
help you more accurately forecast DX 
conditions during the next few years 
of low sunspot numbers. 

last minute forecast 
The higher HF bands (10 through 30 

meters) are expected to be best during 
the first and second weeks of Decem-
ber as well as part of the last week of 
the month. A solar flux peak on 
December 5 and another on January 
1 are expected to occur, enhancing DX 
conditions. Lower solar flux values will 
mean lower MUFs during the third and 
fourth weeks of December. However, 
lower flux means greater daytime sig-
nal strengths on the lower HF bands 
since there'll be less absorption during 
these times. Lower absorption nor-
mally occurs during the winter months 
as well as during the 27-day solar cycle 
minimums. The geomagnetic field will 
probably be disturbed during the third 
week of the month. These distur-
bances result in a reduced MUF on 
east-west and northern paths and an 
enhanced MUF on transequatorial 
paths. 

The Geminids meteor shower, 
which will peak on December 13-14, 
will provide the richest and most relia-
ble display of the year, with rates of 
60 to 70 per hour. Because optical 
observations may be difficult or impos-
sible during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
observed on December 22. 

Lunar perigee and a full moon will 
occur on December 11 and 27, respec-
tively. Winter solstice occurs on the 
21st at 2208 UT. 
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NEMAL ELECTRONICS INTL., INC 
NOW AUTHORIZED BELDEN DISTRIBUTOR 

i your one stop coax supplier! 

SATELLITE CONTROL CABLt 
5 TYPES AVAILABLE! 

Designed (or easy, 
one-sleo installation 
D'0vic!i"9 '"e 
required cables tor 
most earth slaiion 
equipment 
all in ad'rei.t 

TYPE 3 TYPE 4 TYPES llfttH'-ili 1 RGb/U 18Gauge ? RC6/U 18 Gauge 96 7 HC59/U 961. i,wpr< Sftield Lorn* Sfeifl Copper 8rji(i 2 <3 I ? Gauge 2 9 12 Gauge 2<a i.Hiauiw \<a 18 Gauge 3® 18 Gauge b<3 18(.;ju*f }<9 Gauje Shielded plus 
Shielded plus linnet) Copper Shielded plus Tinned Coppei [ira in Wire liiwd Copper Drain Wire 3 ffl Gauge Shielded OO'iiWiiP ,i<9?2 Gauge Shielded plus TmnedCopper 
plus Iinned Cnpppr [liiin Wire 
Drain Wire 

95C 79C 89C 
FT FT FT 

Call for 1000 FT pricing 

Only Nemai o '̂ers tie qualify consfruclion RG59'U canoe' sf"<?'cJing made 'O 
t t>u'iai poiyeihyiene idoet 

Wily '"B" Id' U'ltria (TIC yuaniy .̂U'l̂ rrU'. Iton l y j j ' u c 
12-gauge conductors tinned copper drain wires, ano a true dif 

HARDLINE 
Two styles, two sizes lor all installation needs 

• Aluminum Outer Conductor with Polyethylene Jacket 
1/2 inch loss .48 dB/100 It ®> 30 MHz 

3 68 D6/100 It. @ 1000 MHz $1 25/lt. 
7/8 inch loss .28 dB/100 It & 30 MHz 

2.54 dB/100 It t> 1000 MHz $3 25/ft 

• Corrugated Copper Outer Conductor with Polyethylene 
Jacket 
1/2 inch loss .38 dB/100 ft. ® 30 MHz 
(FLC12-50J) 2.78 dB/100 It ® 1000 MHz $1.59/1t. 
7/8 inch loss .13 dB/100 It m 30 MHz 
(FLCIJ-78J) 1.3 dB/100 II ® 1000 MHz $3.92/11. 

COMPARE RG 213 1.25 dB/100 @ 30 MHz 
8 5 dB/100 @ 1000 MHz ' 

HARDLINE CONNECTORS 
1/2 inch aluminum UHF M/F $19.00 Type N M/F $22.00 
7/8 inch aluminum UHF M/F $49.00 Type N M/F $49.00 
1/2 inch copper UHF M/F $22.00 Type N M/F $22.00 
7/8 inch copper UHF M/F $49.00 Type N M/F $49.00 

shipping 
Cable - $6.00 per 100 It. 
Connectors — $3.00 per order. 
Orders under $20 add $2 additional plus shipping. 
Charge card — orders over $30 only. 
COO add $2.00. Florida Residents add 5%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE, COLUMBIA, KINGS 

BLONDER-TONGUE, TYTON, B&K 

• COAXIAL CABLE • SMATV PRODUCTS 
• MULTIC0N0UCT0R CABLE • COAX-SEAL 
• CONNECTORS-ADAPTERS • COMPUTER CABLE 
• HARDLINE • CRIMP TOOLS 
• CABLE TIES • FIELD STRENGTH METER 

COAXIAL CABLE SALE 
POLYETHYLENE DIELECTRIC 

RG-8/U 98% shield Mil Spec ($29.00/100) or 31«/ft. 
RG11U 96% shield 75 ohm mil spec 25«/1l. 
RG-55B/U double shield (RG-58 size) 50 ohm 45'/ll. 
RG58U mil spec 96% shield ($10 00/100) or 11'/ll. 
RG62A/U 96% shield mil spec 93 ohm 12'/ll. 
RG174/U min. 50 S! mil spec 10'/ft. 
RG213 noncontaminating 96% shield mil spec ,.36«/ft. 
RG214/U double silver shield 50 ohm $1.65/lt. 
RG214/U tinned copper 65'/l! 
RG217/U douDle shield 5011 5/8" OD 85-/1I. 

LOW LOSS FOAM DIELECTRIC 
RG-8X (Mini 8) 95% shield ($15.00/100) or 17'/1t 
RG8U 80% shield ($19 00/100) or 22'/ft. 
RG-8/U 97% shield 11 gu (eq. Belden 8214) 31'/tl. 
RG58U 80% shield 07'/ft 
RG58U 95% shield lO'/fl. 
RG59/U 100% foil shield TV type lO'/ft. 
RG59/U 70% copper shield 09*/ft. 
HEAVY DUTY ROTOR CABLE 2-16 ga 6-20 ga 36«/f(. 
Rolor cable 2-18 ga 6-22 ga Poly burial Jkt 19'flt. 
Complete line of multiconductor cables available 

CONNECTORS MADE IN USA 
Amphenol PL 259 89' 
PL-259 and/or SO 239 65' ea. or 10/$5.99 
Double Male Connector $179 
Pl-258 Double female Conneclor . .98' 
PL-259 Silver-Teflon Kings $1.59 ea. 
Reducer UG-175 or 176 22' or 10/S2 00 
UG-255 (PL 259 to BNC) $2 95 
Elbow (M359) UHF Elbow $1.79 
F59A (TV type) 24' or 10/$2.00 
UG 21 D/U Type H Male lor RG8. Amphenot $3.00 
UG 88C/U BNC Male lor RG 58, Amphenol $1.25 
UG 273 BNC-PL259 Amphenol $3.00 
3/16 inch Mike Plug lor Collins etc. (cutofl) $1 25 
shipping 
Cable — $3.00 per 100 ft. 
Connectors — add 10%, $3.00 minimum. 
Orders under $ZO add $2 additional plus shipping. 
Charge card — orders over $30 only. 
COD add $2.00. Florida Residents add S'/t. 

12240 N.E. 14th Ave. 
No. Miami, FL 33161 

Telephone: (305) 893-3924 

IN STOCK 
- O V E R 5 0 0 I T E M S -

COMPLETE L I N E S 
^ 159 

ALL BAND TRAP 
"SLOPER"ANTENNAS! 

FULL COVERAGE! ALL BANDS I AUTOMA-
TIC SELECTION tvftft PROVEN Weatherproof 
sealed Trap* - 18 Ga Copperweld Wlrel 
GROUND MOUNT SLOPERS - No Radial* 
needed! Ground te rod or home «y*ter faucati 
Connect Top to Trees,buildings, Pole*, etc at 
ANY angle from Stratghtup to 60 degree* for 
excellent "SLOPER" DX Antenna Gain or 
bend it anywhere you need tol 2000 Watt 
PEP Input, max. Permanent or portable U*e 
Install* In lO minute*. SMALL . NEAT -
ALMOST INVISABLE • No one wfll know you 

have • Hi-Power DX Antenna. Ideal For COND'O* APART-
MENTS- RESTRICTED AREAS - Pn-tunvd for 2-t or le*a 
SWB nv«r ALL bands (•*«•»« fi0-160-300ke) No •d|u«t-

entt needed . EVER. COMPLETELY ASSEMBLED, wHH 
50 ft RG-58U Coax feedlln* and PL259 connector- Built 
tn lighting arrester - ready to hookup) FULL INSTRUC-
TIONS! 
No. 1080S - 80-40-20-15-10 — 1 trap 49 ft. 949.95 
No. 1040S — 40-20*15-10— 1 trap 26 ft. $48.95 
No. 1020S' 20-15-10 t trap 13 ft. $47.95 
No. 1016 S-160-60-40-20-15*10 - 2 trap* 83 ft. - ST9.95 
SEND FULL PRICE FOR PP DEL IN USA (Canada la $5.00 
extra for postage ate) or order using VISA, MASCARD • 
AMER EXP. Give Number Ex Date- Ph 1-308-236-5333 
weekday*. Wo ihfp in 2 -3 days (Par Cks 14 days) Guaranteed 
1 yr . 10 day money back trial. 

WESTERN ELECTRONICS 
Oept. AR-12 Kesrney, Nebraska 68847 

DX EDGE 

$ 1 6 . 9 5 
GRAYLINE AND LONG PATH 

PREDICTOR 

Great Circle Overlays 
20°, 30°, & 40° Latitude (NSS) 
$5 each 
$3 Whan purchased with tilde rule DX Edge 
Please enclose $3 50 shipping and handling 

Ham Radio's Bookstore 
Greenville, NH 03048 

band-by-band summary 
Ten and twelve meters, the highest 
day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 7 to 
10-hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 4000 km (2400 miles) 
in single-hop length, and on occasion 
double that during evening trans-
equatorial openings. 

Fifteen meters, a day-only DX band 
open most of each day, has lower sig-
nal strengths and greater multipath 
variability than 10 and 12 meters. It will 
be best when the MUF is just resting 
above this band, until it drops below 
it — a transition period that occurs 
right after sunrise and just before sun-
set. Transequatorial openings will 
occur, with distances similar to 10 and 
12 meters. 

Twenty, thirty, and forty meters are 
both day and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions dur-
ing daytime. In combination with 30 
meters, it provides nighttime paths for 
the day-only bands. Forty meters 
becomes the main over-the-pole DX 
daytime band, with some hours 
covered by 30 meters. This path may 
be affected by anomalous absorption 
during a few days of the month. 

Eighty and one sixty meters, the night-
only DX bands, exhibit short-skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 
follow the darkness path, opening to 
the east just before local sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. On 
some nights, 80 meters, with its high 
signal strengths, will be the best band 
to use. One-sixty is also expected to 
provide good conditions. Please 
remember the DX windows of 3790 to 
3800, 1825 to 1830, and 1850 to 1855 
kHz. 

re fe rences 
1. Garth Stonehocker, K0RYW, "DX Forecaster," ham 
radio, January, 1984, page 83, and February, 1984, 
page 79. 
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ham radio 
cumulative index 

1981-1985 

antennas and Aligning Yagi beam elements (HN) 
WA2SON p. 92, May 81 

Log-Yagis simplified 
W3EB p. 78 May 83 

transmission lines Applied Vagi antenna design, part 6: 
the model and a special leaching tool 

Making verticals quieter (Tech forum) 
WA6RYZ p. 98. Jun 83 

WB3BGU p 89, Oct 84 Matching dipofes (letter) 

general Bobtail curtain and inverted ground plane: part 1 W5XW p. 8, Aug 85 general W6BCX p. 82, Feb 83 Mobile high-frequency antenna, refinements to general 
Short circuit p 92, Nov 83 W3NZ p. 34, Jun 8 t 

Antenna geometry for optimum performance Comments, WA7BPO p 12, Jut 83 Mobile vertical, 20-meter 
N4HI p. 60, May 82 Short circuit p. 92, Nov 83 K9CZB p. 26, May 83 

Antenna insulators, PTFE VHF Bobtail curtain and inverted ground plane: pan 2 Modified Bobtail (HN) 
p. 26, May 83 

WSJTL p. 98, Oct 85 W6BCX p 28, Mar 83 W0MBP p. 87, Sep 84 
Antenna parameters, equations for determining Short circuit p. 16, May 83 Multiband 8JK, an end-fed 

p. 87, Sep 84 

KG6B p. 40, Mar 82 Comments, WA7BPO p. 12, Jul 83 G3SBA p. 81, May 84 
Antenna restrictions (tetter) Butterfly beam Phased arrays, feeding: an alternate method 

K3SR0 p. 6, Nov 81 W1XU p. 30, May 81 KB8I p. 58, May 85 
Antenna support (HN) Capacilively loaded dipole, high-performance Short circuit p. 74, Jul 85 

W6XM p. 64. Jun 84 W6VX p 33, May 84 Phased vertical arrays, pattern calculations tor 
Applied Yagi antenna design part 2: Debunking myths (letter) WB5HGR p. 40, May 81 

220 MHz and ihe Greenblum design data WB9VWA p. 8, Mar 83 Quad owner switches 
WB3BGU p. 33, Jun 84 Delta loop, the reduced-size, full-performance, N6NB, W6AQ p. 12, May 82 

Galun chop suey comer-fed Comments, W6BOO p. 8, Oec 82 
K4KJ p. 113, May 85 G3TKN p. 67, Jan 85 Rhombics, controlled vertical radiation. 

Beam antenna mast lock Dipole antenna over sloping ground pari 1: designing for high performance 
W4KV p. 68, Jun 81 N4HI p. 18, May 82 N4UH p. 100, Mar 85 

Best way to get an antenna into a tree (HN) Clipole antenna, trimming the (HN) Rhombics, controlled vertical radiation, 
WA5VLX p 84, Mar 81 W5NPD p. 69, Jul 81 part 2: antenna erection and performance 

Bulkhead connector (HN) End-fed BJK: switchable vertical array N4UH p. 99, Apr 85 
K9C2B p. 78, Apr 85 W I J F p. 53, May 85 SEED antenna: a short, efficient 
Short Circuit p. 74, Jul 85 Four-vertical collinear element 20-mefer array end-fed dipole 

Dipole antenna length reference chart (HN) WA8DXB p. 57, May 83 W4JAZ p. 103, Sep 84 
W6XM p 75, Oct 81 Grounded monopole with elevated feed Short antennas, efficiency of 

Direction-finding tool, the fox box VE2CV p. 87, May 83 W1GV/4 p. 18. Sep 82 
K1ZJH p. 25, Oct 85 Half-delta loop Short vertical antennas for low bands: part 1 

Ground rod resistance VE2CV p. 37, May 82 W7DHD p. 36. May 83 
K4MT p. 95, Jul 84 Half-square antenna, the Short vertical antennas for low bands: part 2 
Comments p. 8, Sep 84 N M N p 48, Dec 81 W7DHD p. 17, Jun 83 

Ground systems, installing effective Short circuit p. 79. Oct 82 Six-elemenl wide-beam (or 10 (ham radio techniques) 
KR7L p, 67, Sep 83 Half-wave vertical W6SAI p. 30, Dec 81 

Ham radio techniques VE2CV p, 36, Sep 81 Stagger-tuned dipoles increase bandwidth 
W6SAI p. 75, Nov 84 Ham radio techniques K4MT p. 22, May 83 

Ham radio techniques W6SAI p 65, Jan 84 Suspended long Yagi (ham radio techniques) 
W6SAI p, 67, Oec 84 Comments, WA20RL p 8, Sep 84 W6SAI p. 34, Nov 81 

Leydon's magic jar: the derivation of Ham radio techniques Tapered vertical, calculating the 
the Hertzian and Marconi antennas W6SA1 p 63, Feb 84 input impedance of 
KR6A p. 24, Oct 84 Comments, K4KYV p. 12, May 84 K 3 0 0 F p 24, Aug 85 

Light-bulb dummy loads (HN) Comments, WD6DUD p 8. Sep 84 Short circuit p. 78, Oct 85 
W6HPH p. 74, Oct 81 Comments, AD1G p. 8. Dec 84 Terminated vee beam, sloping 

Neglected antenna for 40 and 80 meters Ham radio techniques Ross, Robert p. 71, May 85 
w e w i p. 44, Jan 82 W6SAI p 53, Mar 84 The K2GNC Giza beam 
Comments, W0WL p 8, May 82 Ham radio techniques K2GNC p. 52, May 81 

Rain static resolved (Tech forum) W6SAI p. 76, Apr 84 Top-loaded vertical, a high-efficiency 
W1FYX p, 83, Sep 83 Ham radio techniques, fifty years ago W6US p. 65, Oct 84 

Static mystery (Tech. forum) W6SAI p. 58, Jun 84 Transmission line antenna, 160-meter 
H89FU p. 85. Jul 83 Ham radio techniques, 160 redux N9NB p. 87, May 85 

The Zepp (tetter) W6SAI p. 89. Jul 84 Trap antenna, design your own 
W2RHO p. 63, Aug 82 Ham radio techniques W4MB p. 37, Oct 84 

Vertical antenna, folded umbrella, top-loaded W6SAI p. 96, Aug 84 Trapped antenna, trapping the mysteries ot 
VE2CV p. 12, Sep 82 Ham radio techniques N3GO p. 10, Oct 81 

Vertieal-vee. converting (letter) W6SAI p. 106, Oct 84 Comments, K9CZB p 8, Feb 82 
KA5KWV p. 8, Sep 82 Ham radio techniques Triband Yagi beam (ham radio techniques) 

VHF/UHF world W6SAI p 32, Sep 81 W6SAI p- 68. Jan 81 
W1JR p. 110. May 84 Ham radio techniques Two delta loops ted in phase 

Wire plow, build a simple W6SAI p 55, Dec 85 W8HXR p. 60, Aug 81 
W7IV p. 107, May 84 HF antenna (HN) Vertical phased arrays: part 1 

Yagis, stacking is a science W2GQK p. 22, Jul 83 K2BT p. 18, May 83 
K1FO p. 18, May 85 Inverted " L " , limited space (HN) 

W8FH p- 63, Jun 84 
Comments, W90AM 

Vertical phased arrays: part 2 
p fO, Mar 84 

high-frequency antennas JR vari-lobe antenna, control your take-off angle 
W1JF p 46, May 85 

K2BT 
Comments, W90AM 

p. 25, Jun 83 
p 10, Mar 84 

Junk-box portable antenna Vertical phased arrays: part 3 
Active antenna, 0.5-30 MHz W3SMT p. 24, Oct 81 K2BT p. 26, Jul 83 

K1ZJH p. 37, May 85 K7CW quad Short circuit p. 70, Oct 83 
Comments. Hansen, R.C. p. 10, Jul 85 K7CW p. 36, Sep 62 Comments, W90AM p. 10, Mar 84 
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Vertical phased arrays: part 4 
K2BT 
Short circuit 
Comments. W90AM 

Vertical phased arrays: part 5 
K2BT 
Comments, W90AM 

Vertical phased arrays: part 6 
K2BT 

Verticals over REAL ground 
WB9VWA 

W8JK anlenna, a new look at 
OD5CG 

Yagi beam elements, aligning (HN) 
WA2SON 

Yagis, designing with the Commodore 64 
WA3EKL p. 59, Jun 83 

Yagis, stacking is a science 
K1FO p. 18, May 85 

3-element Yagi design, key to 
K30QF p. 48, Mar 84 

40, 80, and 160-meter vertical, remote controlled 
W7LH p. 38, May 84 

80-meter halt-wave sloper uses reflector (HN) 
K01F p. 48, Oct 84 
Short circuit p. 8. Feb 85 

p. 34, Oct 83 
p. 11, Dec 83 
p. 10, Mar 84 

p. 59, Dec 83 
p. 10, Mar 84 

p. 45. May 84 

p. 35, Jan 84 

p. 60, Jul 81 

p. 79, Jan 81 

p. 58, Jan 81 
p. 70, Feb 82 

p. 67, May 84 

p. 94, May 83 

vhf antennas 
Antenna insulators, PTFE VHF 

W5JTL p 98, OCI 85 
Applied Yagi antenna design part t 

a 2-meter classic revisited 
WB3BGU p. 14, May 84 

Applied Yagi antenna design part 2: 
220 MHz and the Greenblum design data 
WB36GU p. 33, Jun 84 

Applied Yagi antenna design part 3: 
432 MHz with Knadle and Tilton 
WB3BGU p. 73. Jul 84 

Applied Yagi antenna design part 4. 
a 50-MHz Tilton/Greenblum design 
WB3BGU p. 103, Aug 84 

Applied Yagi antenna design part 5: 
additional optimization techniques 
WB3BGU p. 93, Sep 84 

Dual quad array for two meters 
W7SLO p. 30, May 80 

Efficient matching (Tech. forum) 
VE7BS p. 83. Sep 83 

Fastening TYrgon reflectors to VHF antennas (HN) 
W5JTL p. 88, Sep 84 

Ham radio techniques 
W6SAI p 32, Sep 81 

Handi-antennas 
AA6PZ p. 42, May 83 

Helical antenna matching (Tech forum) 
Belliveau, John p. 73, May 83 

Inexpensive five-eighths wave groundplane (HN) 
W7CD p 84. Mar 81 

Matching 432-MHz helical antenna (Tech. forum) 
W8NWU p. 44. Mar 83 

Microwave antenna, homebrew 
WB0VGI, Johnson p. 68, Sep 82 

Re-entrant cavity antenna for the VHF bands 
W4FXE p. 12. May 81 

Repeater antenna beam tilting 
K7NM p. 29. May 83 
Short circuit p. 80. Jul 83 

Using a 2-meter quarter-wave whip on 450 MHz (HN) 
K12JH p. 92, May 81 

VHF antenna null, achieving the perfect 
K3ED P 48, May 83 

VHF/UHF World 
W1JR p 110. May 84 

VHF/UHF World: slacking antennas, part 1 
W1JR p. 129, Apr 85 

VHF/UHF World, stacking antennas, part 2 
W1JR p. 95. May 85 

VHF/UHF world 
W1JR p 85, Oec 85 

Yagis, stacking is a science 
K1FO p 18, May 85 

2-meter J-pole antenna, all-metal 
KD8JB p. 42. Jul 84 
Comments, K2WWT, KDSJB p. 8. Feb 85 
Comments, DJ0TR/OE8AK p. 8. Nov 85 

2-meter V-antenna (Weekender) 
AD1B p 86. Jan 84 

matching and tuning 
A coreless balun 

WA2SON 
Antenna bridge calculations 

K6GK 
Short circuit 

p. 62. May 81 

p. 85, Mar 81 
p. 84. Nov 81 

Antenna match, quick and simple 
Anderson, Leonard H. 
Short circuit 

Antenna matching, easy 
WB4GCS 

Antenna luner (HN) 
W6XM 

Antenna tuners (ham radio techniques) 
W6SAI p. 30, Jul 81 

Balun design, another 
W6HPH p. 54. May 82 

Capacitively coupled hybrids 
WA2EWT p 70, Mar 83 

Efficient matching (Tech, forum) 
VE7BS p. 83, Sep 83 

Gamma matching, basic 
WB0KN p. 29. Jan 85 

Ham radio techniques 
W6SAI p. 42, Oct 81 

Ham radio techniques 
W6SAI p. 65, Jan 84 
Comments, WA2DRL p 8, Sep 84 

Ham radio techniques 
W6SAI p. 63, Feb 84 
Comments, K4KYV p. 12, May 84 
Comments, WD6DUD p. 8, Sep 84 
Comments. AD1G p 8, Dec 84 

Helical antenna matching (Tech. forum) 
Belliveau. John p. 73, May 83 

HF hybrid descriptions 
W5TRS p. 80. Oct 83 

High-frequency mobile antenna matcher, simple 
W6BC* p 28. Jun 81 

Hybrid ring 
WA2EWT p. 50, Aug 83 

Impedance matching (Tech. forum) 
WB2NTQ p. 85, Jul 83 
Comment, KSCQ p. 95, Nov 83 

L-matching network, appreciating the 
WA2EWT p. 27, Sep 80 

Lowpass antenna matching unii, inductance-tuned 
WVYBF p. 24, May 82 

Low swr, how important? 
W1GV/4 p. 33. Aug 81 
Comments K1KSY, W1GV/4 p 6, Dec 81 

Matching dipole antennas 
WlOLP p 129. May 84 
Comments. W5XW p. 12. Apr 85 

Matching sections 
KL7HIT p. 68. Mar 82 

Matching 432-MHz helical antenna (Tech. forum) 
W8NWU p. 44, Mar 83 

Phased arrays, feeding: an alternative method 
KB8I p. 58, May 85 
Short circuit p. 74, Jul 85 

Swr meter, how accurate? (HN) 
WB9TQG p. 78, Jan 8f 

Swr meter for the high-frequency bands 
WB6AFT p. 62, Oct 81 

Tandem pi networks 
W6MUR p. 32. Jul 82 

Testing baluns 
K4KJ p. 30, Aug 83 

towers and rotators 
Antenna carriage and track pole mount 

KB3K p. 46, Aug 83 
Antenna hinge 

N4LI p. 70, Aug 83 
Antenna tower, fixed, tilt-over conversion 

PABSE p. 125. May 85 
Armstrong beam rotator 

KP4DM p 68, Feb 82 
CDE tailtwister rolor, pulse-position control ol 

WB4EXW p 30, Jan 81 
KLM antenna rotor, computer control for (HN) 

W8MQW p. 66. Feb 81 
Match your antenna to your tower 

WMOGF p.14, Jun 84 
Tower installation: make it sturdy, make it safe 

WB5IIR p. 22. Jun 84 
Keep your tower up 

KB9IW p 26. Jun 84 
UHF antenna tower, low-cost 

KA6GVY p. 30, Oct 84 

transmission lines 
Antiflex coaxial cable connection (HN) 

W4KV p. 42. May 82 
Bridge measurements, the half-wave 

transmission line in (HN) 
K4KI p. 108, Nov 84 

Cheapie coax (letter) 
WB4AHZ p. 8. May 82 

Coax, measuring with an RCL bridge (HN) 
WB9TQG p. 78. Oct 82 

Ham radio techniques, fifty years ago 
W6SAI p. 58. Jun 84 

Hardline connectors, inexpensive 
WB4GCS p 62, May 83 
Comments, KM1H p 8, Nov 83 

Hardline, matching 75 to 50-ohm 
W4VRV p. 43, Oct 82 

Hybrid coupler 
WIOOP p. 36. Jun 82 

Measuring coax cable loss with an swr meter 
WB9TQG p 35, May 81 
Comments, WD4KMP, WB9TQG p. 6, Sep 81 
Comments, W4PPB p 8, Feb 82 

Pi, pi-L, and tandem quarter-wave line matching 
networks, response of 
W6MUR p 12. Feb 82 

Plumber's delight coax connector (weekender) 
N4LI p. 50. May 81 

PL-259 connectors, attaching to RG-58/U cable (HN) 
W5BVF p 81. Jan 82 

Rf power divider (HN) 
W5TRS p 80, Feb 82 

RF transmission cable, microwave applications 
K3HW p. 106. May 85 

T coupler, the (HN) 
K3NXU p. 68, Nov 80 

Time domain reflectometer 
VE3EFC P 49, Nov 83 

Transmission-line design. Pt. 2: distributed resonant 
circuits in vhf/uhf lines 
W6GGV P 62, Jan 81 

Transmission-line design, Pt. 3: distributed resonant 
circuits in vhf/uhf lines 
W6GGV P- 56, Feb 81 

Transmission-line design, Pt. 4: distributed resonant 
circuits in vhf/uhf lines 
W6GGV p. 64. Mar 81 

Transmission-line design. Pt. 5: 50 MHz and above 
W6GGV p. 72. Apr 81 

VHF/UHF World-transmission lines 
W1JR p. 83. Ocl 85 

VHF/UHF World 
W1JR p. 85, Dec 85 

audio 
Add-on selectivity for communications receivers 

G4GMQ p. 41, Nov 81 
Audio filter building blocks 

KBCCY p. 74, Jul 83 
Audio Filler design, computer-aided 

KE2J p 15, Oct 85 
Audio filter destgn, elliptic lowpass 

W3NON p. 20, Feb 84 
Audio oscillator to pulse generator conversion (HN) 

W0OLQ P 50, Oct 84 
Audio response, tailoring (HN) 

N 1 F 8 p 42, May 82 
"Audio to microwave" amplifier, build your own 

Gruchalla, Michael p 12, Mar 84 
Atuomatic gain control, an audio 

K7NM P- 24. Sep 84 
Better audio for mobile operation 

K6GCO P 48, Feb 81 
CW acoustical filter (Tech. forum) 

W7BI p 22, Jan 83 
CW and RTTY, digital audio filter for 

WtOER p 60, Aug 83 
Short circuit p. 199, Aug 84 

Handheld transceiver, audio amplifier for 
N1RM p. 38, Jul 81 

Heath HW-2036 mods (letter) 
Mosher, E.A. p. 8, Jun 81 

Passive audio filter design, part 2: 
highpass and bandpass filters 
Niewiadomski, S p 41, Oct 85 
Comments. W3NON p. 8. Nov 85 

Phone patches, building and using 
N6ARE p. 34. Oct 85 

Repeaters, speech synthesis for 
N9EE p 79, Mar 84 

Simulated carbon microphones, using with Amateur 
transmitters 
W9MKV p 18, Oct 81 

Telephone ring indicator, visual (HN) 
W20LI P 62, Apr 84 

TR-2400, external microphone for (HN) 
WB2IFV P 64, Mar 82 

Understanding telephones 
N6ARE P 39, Sep 85 
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commercial equipment computer-aided design 
Argonaut 509 conversion for 30 meters (HN) 

AA4LL p. 49, Oct B4 
Atlas 210 transceiver, sidetone (HN) 

ZL2RP p. 67. Mar 82 
Short circuit p. 79. Oct 62 

Atlas 350 AGC circuit, modifications (HN) 
K0RL p. 42. May B2 

CDE taillwister rotor, pulse-position control of 
WB4EXW p. 30, Jan 81 

Collins KWM-2 KWM-2A, owners' reports 
WB1CHQ p. 22. Mar 81 

Collins S-line, owners' reports 
WB1CHQ p. 12, Apr 8! 

Collins 75S-3 alignment (HN! 
N1FB p 79, Jan 81 

Collins 516F-2 low-voltage and bias modification 
(HN) 
N1FB p. 68, Jul 81 

Collins 516F-2 power supply, transient protection for 
W6AD p. 31, Apr 81 

DenTron 160XV transverter, stabilizing the 
(weekender) 
WB2QLL p. 46, Jun 81 

Drake R-4C receiver audio improvements (HN) 
W3CVS p. 79, Jan 81 

Drake TR 7 transceiver, Woodpecker noise blanker 
for (HN) 
K1KSY p. 67, Feb 81 

FT-101E. 10-meter preamp tor 
K1NYK p. 26, Jul 81 

Ham radio techniques 
W6SAI p. 63, May 84 

Ham radio techniques, fifty years ago 
W6SAI p. 58. Jun 84 

Heath Model 10-4530 oscilloscope, modifications 
Bailey p. 20, Aug 82 

Heath HW-B. improved keying for (HN) 
W3HVK p. 60. Aug 82 

Heath HX1681 (Tech. forum) 
W2UWO p. 83. Sep 83 

Heath SB-400/SB-401, simple speech amplifier for 
(HN) 
W8LMH p. 72, Jun 81 

Heathkit SB-104A, improved receiver performance for 
N2EO p. 78. Apr 81 

Heath's new all-band transceiver, the SS-9000 
W9JUV p. 12, Nov 82 

ICOM IC-2A(T), odd splits 
N7AAD p. 65, Jul 82 

ICOM 701 owners' report 
WB1CHQ p. 56. Oct 81 

IC2AT, carrying case for (HN) 
W6XM p. 62, Aug 83 

Kenwood TR-7400A, scanner for (the Kenscan 74) 
WB7QYB p. 50, Jan 8t 

Kenwood TS-520-SE transceiver, counter mixer for 
W5NPD p. 60. Sep 80 

KLM antenna rotor, computer control for (HN) 
W8MQW p. 66, Feb 81 

KWM2, RIT for the (HN) 
KH6JF p. 109, Jul 84 

Owners ' survey, T R 7 
WBtCHO p. 66, Nov B1 

Owners' survey: 2-meter handhelds 
KA1ZM p. 35, Jul 82 

Practically speaking: now that the 
warranty has expired 
K4IPV p. 67, Sep 85 
Comments, W5QJM p. 8, Nov B5 

R-1000 mod (HN) 
W6XM p 60, Aug 82 

S-line, QSK noise (HN) 
N1FB p. 66. Mar 82 

SB-303 receiver, noise reduction (HN) 
Suzuki p 70, Jun 82 

Sony ICF-2001, eight-channel memory scanner tor 
W3CSW p. 54, Aug 82 

Ten-Tec Corsair modification (HN) 
N3BEK p 62. Apr 84 

Triton IV, 30-meter operation (HN) 
AA4LL p. 68, Jun 83 

TR-2500/2600 2-channel programming (HN) 
K9MLD p. 128, Oct 85 

TS-430S IF filter mod (HN) 
KB«CY p. 125, May 84 

TS-930S headset audio, increased undistorted (HN) 
W6FR p. 128, Oct 85 

3-500Z tube failure (HN) 
AG6K p 78. Oct 82 

5CX1500A power pentode (HN) 
K9XI p. 77, Oct 82 

Bandpass filler design, interdigital. computer-aided 
N6JH, Monemzadeh p. 12, Jan 85 
Short circuit p. 117, Jun 85 

Yagis, designing with the Commodore 64 
WA3EKL p. 59, Jun 85 

construction 
techniques 
Air-wound coils, constructing 

W7BKE p. 37, Aug 84 
Antenna carriage and track pole mount 

KB3K p. 46, Aug 83 
Antenna hinge 

N4LI p. 70, Aug 83 
AN/UPX-6 cavities, converting surplus 

W6NBI p. 12, Mar 81 
Audio filter building blocks 

KBCCY p. 74. Jul 83 
Short circuit p. 92, Nov 83 

Battery charger, NiCad, constant current, a pulsed 
K2MWU p. 67, Aug 85 

Build a better box 
Gruchalla, Michael p 45, Aug 84 

Bulkhead connector (HN) 
K 9 C Z B p. 78. Apr 85 
Short circuit p. 74, Jul 85 

Cheap dots (HN) 
W6XM p. 77, Sep 82 

Cooling semiconductors part 1: 
designing and using heatsinks 
Martin, Vaughn D. p. 33, Jul 84 

Cooling semiconductors part 2: 
blowers and tans 
Martin, Vaughn 0 p. 52, Aug 84 

Custom resistors, nomogram design 
WA5EKA p. 68. Jun 83 

Dummy load, DC (weekender) 
W4MLE p. 91, Apr 85 

Dust buildup, decreasing (HN) 
K4KI p. 77. Sep 82 

Elevation indicator, inexpensive (weekender) 
W5JTL p. 67. Jun 85 

Fan, speed control (HN) 
K4KI p. 77, Sep 82 

G.O.E.S. reception: a simple approach 
WA4WDL p. 46, Jan 84 

Heatsink cooling fan (HN) 
W6XM p. 22, Jul 83 
Comments, W2GH p. 8, Oct 83 
Comments, DJ4BZ p. 12, May 84 

High-frequency dummy load (HN) 
W1KWE p. 64, Jun 84 

IC2AT, carrying case for (HN) 
W6XM p. 62, Aug 83 

Inductance equation, a different approach (HN) 
K4KU p. 116, Dec 84 

Junk-box ingenuity; how to buy, use, 
and recycle surplus electronic parts 
WB4EMS P- 32. Aug 84 

Metal cleaning with dip-type cleaners (HN) 
W5XW p. 82, Jan 82 
Comment, K6YPD p. 8, Jun 82 

Micros! rip impedance program 
K8UR p. 84, Dec 84 

Passive audio filter design, pan 1: 
development and analysis 
Niewiadomski. S p. 17. Sep 85 
Polymer film transforms mechanical 
energy to electrical energy 
WA4KFZ p. 55, Dec 84 

Power FETs: trend tor VHF amplifiers 
Peters, Daniel and W7PUA p. 12, Jan 84 

Printed circuit layout and drilling template 
WA4WDL p 73, Jul 82 

Quick fix for soldering irons (HN) 
W2YW p. 62. Apr 84 

Reflected power kmiter (Weekender) 
K4KI p. 63, Jul 84 

Set screws, taming (HN) 
W5PGG p. 64, Mar 82 

Silk screen techniques, make your 
own board using 
W3QOM p. 83, Nov 84 

Silverplating, safe, sensible 
K9EYY p. 29, Feb 85 

Solar power for your ham station 
NH6KI p. 14, Dec 84 

Superhet coilset, design with 
a microcomputer 
Sterrenburg, F A S. p. 113, Nov 84 

Turns par inch from wire size (HN) 
K8UR p. 97. Dec 83 

digital techniques 
AMTOR, AX.25, and HERMES: a performance analysis 

of three systems 
W9J0 p. 63, Dec 85 

Applied Yagi antenna design part 1: 
a 2-meter classic revisited 
WB3BGU p. 14, May 84 

Applied Yagi antenna design part 6: 
the model and a special teaching tool 
WB3BGU p. 89, Oct 84 

Audio filter design, computer-aided 
KE2J p. 15, Oct 85 

Commodore 64, $100 printer (HN) 
W2QLI p. 86, Aug 85 

Digital clock, build a fail-safe 
K1MC p. 54, Oct 85 

Digital-circuit problems, avoiding built-in, pan one 
W1BG p. 43, Sep 81 
Comments VE2QO D. 6, Dec 81 

Digital-circuit problems, avoiding built-in, part two 
W1BG p. 50, Oct 81 
Comments VE2QO p. 6, Dec 81 

Digital frequency readout using the Commodore 64 
W3NNL p. 83, Nov 85 

Digital HF radio: a sampling of techniques 
KA2WEU, DJ2LR p. 19, Apr 85 
Short circuit p. 121, May 85 

Digital techniques: inside a phase-frequency 
detector 
Anderson. Leonard H. p. 28. Sep 82 

Digital techniques: shocking truths about 
semiconductors 
Anderson, Leonard H. p. 36, Oct 82 

DTMF controller for repeaters 
WB4FXD p. 47, Sep 85 

HP-IL serial loop 
Martin, Vaughn D p 101, Apr 84 

Making waves 
WfiHOM p. 44, Mar 82 

Packet radio: part 1 
KV7D, KV7B p. 14. Jul 83 

Packet radio: part 2 
KV7D, KV7B, WA7GXD p. 18. Aug 83 

Packet radio and area networking 
WB3JZO p. 38. Dec 84 

Packet radio, automatic frequency and deviation 

WB20SZ p. 41, Dec 85 
Packet radio primer 

WA1FHB p. 30, Dec 85 
Packet radio: the software approach 

W4UCH p. 63, Sep 84 
PL tone generator, a programmable 

WB0VSZ p. 51, Apr 84 
Short circuit p. 125, May 84 

RTTY reader, interrupt-driven 
KN4L p. 72, Sep 84 

Run RTTY on your Time* 
NU4V p. 110, Apr 85 

Run RTTY on your V1C-20 
W5TRS p 120, Apr 85 

Satellite tracker, digitally-controlled 
KA80BL P 102, Sep 85 

Smith Chart impedance matching 
on your Commodore 64 
WA9GFR P 120, Oct 84 

Software piracy (letter) 
Forsyth, Mike p 8, Sep 84 

Spread spectrum and digital communication 
techniques: a primer 
N9NB p. 13, Dec 85 

Synthesizers, VHF and UHF, design of digital 
components 
G4CLF p. 26, Jul 82 

The Guerri report — computer technology 
W6MGI p. 54, Nov 84 
Short circuit p. 8, Dec 84 

The Guerri report: signal processing 
W6MGI p. 156, Dec 84 

VIC-20 printer (HN) 
W2QLI p. 88, Sep 84 
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features and fiction IC-255A switching circuit (HN) 
WB6IOV p. 70, Jan 83 

Microcomputer-based contest keyer 
K9CW p. 36, Jan 81 

Comments, WA4MZZ p 8. Jun 83 Microprocessor repeater controller 
p. 36, Jan 81 

DXer's Diary Linear translators KB5F p. 56, Apr 83 
W9KNI p. 18, Mar 81 WB6JNN p. 14, Sep 83 Micros and VHF beacons 

DXer's Diary Microprocessor based repeater controller transmit messages automatically 
W9KNI p. 26, Apr 81 K6«CY p. 12, Mar 82 K9EI p 51, Jul 85 
Comments p. 6, Sep 81 Microprocessor repeater controller 

p. 12, Mar 82 
Morse Code tutor 

DXer's Diary KB5F p. 56, Apr 83 N3SE p. 45, Jun 85 
W9KNI p, 22, Jun 81 Repeater antenna beam tilting Morse keyboard, an easier approach 

DXer's Diary K7NM p. 29, May 83 to mastering the 
W9KNI p. 60, Aug 81 Short circuit p. 80, Jul 83 W1KZ p. 80. Apr 84 

DXer's Diary Repealer etiquette (letter) Morse time synthesis 
W9KNI p. 70, Dec 81 W 1 0 L P p. 8, Oct 83 N3SE p. 17, Apr 83 

Electromagnetic jargon generator, state-of-the-art Repeater, high-tech: designing and Remote control hf operation 
N6TK p, 75, Apr 85 building an FM translator K5QY p. 32, Apr 83 

From Amateur to professional WA6CAY p. 82, Feb 85 Short circuit p. 97, Aug 83 
KI2U p, 54, Aug 81 Repeaters, speech synthesis for Sending CW 

Ham radio techniques: tnband Yagi beam tor 20, 15, N9EE p. 79, Mar 84 KA40VK p. 75, Jun 83 
and 10 meters Repeaters, three circuits for (HN) Solid-state CW T-R system 
W6SAI p. 68, Jan 81 N9EE p. 91. Jan 84 W4RNL p. 62, Mar 83 
Short circuit p. 84, Nov 81 Speech processor for fm transmitters Ten-Tec 645 ultramatic keyer mods (HN) 

Ham radio techniques: earth-moon-earth G4CLF, G3RZP p 76, Mar 82 K4JST p. 70, Dec 82 
W6SAI p 40, Feb 81 Squelch, smart Testing baluns 

p. 70, Dec 82 

Ham radio techniques: more about moonbounce W6NRW p. 37. Jun 83 K4KJ p. 30, Aug 83 
W6SAI p. 34, Mar 81 State-of-the-art auto dialer WPM readout for deluxe memory keyer (weekender) 

Ham radio techniques: ten-meter band K2MWU p. 21, Dec 83 WA10EH p 50, Apr 82 
W6SAI p. 38, Apr 81 Short circuit p. 10, Feb 84 

Ham radio techniques: 160-meter band Short circuit p. 10, Mar 84 
W6SAI p. 46, May 81 Tone decoder, ultimate 

p. 10, Mar 84 

Ham radio techniques: amateur radio, 1933 
W6SAI p. 4 1 . J u n 8 1 

WD9EIA 
Comments. WD9EIA 

p. 33, Sep 82 
p. 8, Feb 83 measurements and 

Ham radio techniques: antenna tuners 
W6SAI p. 30, Jul 81 

Touch-tone autodiaier, portable 
K2MWU p. 12, Aug 82 test equipment 

Ham radio techniques: amateur radio 1941 Comments, K2MWU p. 8, Feb 83 
test equipment 

W6SAI p. 30, Aug 81 Touch-tone decoder Battery charger sensor 
Ham radio techniques KC9C p. 27, Apr 83 W3BYM p 54, Dec 82 

W6SAI p 32. Sep 81 Touch-tone decoder, third generation BC221, unusual (Tech. forum) 
Ham radio techniques WA7DPX p. 36, Feb 80 VK2ZH p. 22, Jan 83 

W6SAI p. 42, Oct 81 Short circuit p. 67, Sep 80 Bridge measurements, the half-wave 
Ham radio techniques: radio-frequency Interference 

p. 67, Sep 80 
transmission line in (HN) 

W6SAI p. 34, Nov 81 K4KI p. 108, Nov 84 
Ham radio techniques: radio-frequency interference 

W6SAI p. 30, Dec 81 hazards Capacitive-reactance meter multiplier (HN) 
K4KI p. 89, Apr 83 

Ham radio techniques Continuity tester, simple (weekender) 
W6SAI p. 66, Jan 83 Electric shock, the effects and treatment of WD6GMB p. 130, Sep 85 

Ham radio techniques NY6U p. 85, Mar 84 Detailed look at probes 
W6SAI p. 77, Feb 83 Lightning and electrical transient protection Martin, and Davis p. 75, Sep 85 

Ham radio techniques KR7L p. 73, Dec 83 Detector, logarithmic, wideband 
W6SAI p. 47, Mar 83 When hazardous waste comes home: PAOCX/DJ0SA p. 75, Jul 85 

Ham radio techniques PCBs in the ham shack Diode tester (HN) 
W6SAI p. 52, Apr 83 Leeds, Dorothy p. 42, Dec 83 W20LU p. 90, Apr 83 
Comments, W6DKZ p. 8, Dec 83 

Leeds, Dorothy 
Dip meters, a new look at 

Ham radio techniques W6GXN p. 25, Aug 81 
W6SAI 

Ham radio techniques 
p. 52, May 83 integrated circuits Dual wattmeter, 50-500 MHz (weekender) 

WB4EHS p. 67, Jul 85 
W6SAI p. 46, Jun 83 Electrical calibration standards 

Ham radio techniques Binary coded decimal addition (HN) Martin. Vaughn p. 10, Ocl 83 
W6SAI p. 42, Jul 83 WA9HUV p. 66, Apr 62 EME/RFI shielding: new techniques part 1 

Ham radio techniques Comment. Schiffler, Jeffrey L. p. 8, Dec 82 Martin, Vaughn D. p. 72, Jan 84 
W6SAI p. 40, Aug 83 FSK tone generator using an IC tone dialer (HN) EMI/RFI shielding: new techniques part 2 

Ham radio techniques Nagel, David p. 88, Apr 83 Martin, Vaughn D. p 85, Feb 84 
W6SAI p. 41, Sep 83 low-pass filter, integrated circuit Field-strength meter for the high-frequency Amateur 

Ham radio techniques WB2KTG p. 59, Jan 85 bands 
W6SAI p. 64, Oct 83 Static electricity and modern WB6AFT p. 42, Jul 81 

Interview with Dr. Kenneth Davies integrated circuits Field strength meter, sensitive 
K2RR p. 28, Jan 83 K4KEF p. 33, Mar 84 K4KI p. 51, Jan 85 

Jim, a tug at your memory The Guerri Report: superchips come of ai j o Filter tester, simple (HN) 
W4VT p. 28, May 81 W6MGI p. 126, Feb 85 W6XM p. 116, Dec 84 

Observation and opinion Touch Tone decoder, an improved Frequency counter, "smar t " 
W9KNI p. 6, Jul 81 N6JH p. 24, Dec 82 WA5VQK p. 41, Oct 84 

Q signals (letter) TTL ICs. simple tests for Short circuit p 126, Apr 85 
W4MB p. 8, Feb 83 W6ALF p. 37, Mar 82 Ground rod resistance 

Reinartz, John L., father of shortwave radio 2716 EPROM programmer 
p. 37, Mar 82 

K4MT p. 95, Jul 84 
WA6CBQ p. 10, Aug 81 N3CA p. 32, Apr 82 Comments p. 8. Sep 84 

Shopping for parts by mail High-frequency receiver performance 
W8FX p 16. Jul 81 G 4 0 8 U p. 33, Feb 84 
Comments K1THP 

Tune in on the world 
p. 8, Dec 81 keying and control HP-IB greatly simplified 

Martin, Vaughn D. p. 65, Mar 84 
WA4PYQ p. 12, Jun 81 IF sweep generator, compact 

Call sign identifier: programmable (weekender) PA6CX/DJ8SA p. 35, Jun 65 
WB3CEH p. 33, Feb 85 Impedance matching (Tech. forum) 

fm and repeaters Cathode key with the Heath HD-1410 (HN) 
K9XM, N9MX p. 80. Jan 82 

WB2NTQ 
Inductance meter, easy-to-build 

p. 85, Jul 83 fm and repeaters 
CW memory modification (HN) W6XM p. 76, Apr 82 

Add fm to your receiver (weekender) W6DLO p. 93, May 81 Comments, WB2LAO p 8, Sep 82 
K3NXU p. 74, Mar 81 Ham radio techniques Short circuit p. 79, Oct 82 

Autopatch, simplex W6SAI p. 106, Oct 84 K4EEU frequency standard, battery backup for (HN) 
WB6GTM p. 42, Jan 83 Koyer, simple, compact QRP (weekender) N4BA p. 68, Jul 81 

DTMF controller for repeaters W5FG p 82, Oct 84 L and C measurements 
WB4FXD p. 47, Sep 85 Keyer, single-chip, for QRP (weekender) WB6ZLN p. 117, Oct 84 

FM advantage W3HVK p. 70, Oct B2 Light-bulb dummy loads (HN) 
WA9GOZ/6 p 38, Sep 84 Latching relay control (HN) W6HPH p. 74, Oct 81 

FM repeater separation — 20 kHz, Yes, 15 kHz, No K6HTM p. 94. May 83 Logic mate 
WD5IBS, WONK p. 12, Aug 85 Low-power keyer and interface N9CZK p. 57, Jan 83 

Forget memory, Ni-Cd discussion K1HOP p 68, Feb 83 Logic probe (HN) 
KBOV p. 62, Jan 83 Short circuit p. 97, Aug 83 Rozenthal, J. p. 91, Apr 83 
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Logic probe, digital Calculator or computer — which to buy? Ham radio techniques 
N6UE p 38, Aug 80 W4MB p. 86, Nov 82 W6SAI p. 90, Aug 85 

Measuring inductances (Tech. forum) Computer rfi (letter) Ham radio techniques: I have seen 
p. 90, Aug 85 

K6HIK p. 85, Jul 83 KA5HJI p. 8, Jun 81 the future and it works 
Measuring noise figure Data retrieval program using the APPLE II computer W6SAI p. 91, Sep 85 

K2BLA p. 26, Jan 84 (HN) Ham radio techniques 
p. 91, Sep 85 

Measuring small values (Tech. forum) WB6YMS p. 75, Oct 81 W6SAI p. 75, Oct 85 
W6S0M p. 74, Aug 83 Frequency counters, CMOS timing circuit for (HN) Ham radio techniques 

Microphone calibration Bevel, David H. p. 72, Jul 82 W6SAI p. 67, Nov 85 
NY6U p. 73, Jun 84 Ham gear controller: part 1 Harmonic product detector tor QRP transceivers 

Noise bridge, precision N3CA p, 12. Oct 82 W5FG p. 44, Jun 83 
K2BT p. 51. Mar 83 Ham gear controller: part 2 Hyperbolic navigation (letter) 
Comments p. 8, Jun 83 N3CA p. 25, Nov 82 Burhans, Ralph W. p. 8, Feb 81 
Short circuit p. 97, Aug 83 Microcomputer-based contest keyer Impedance matching: a brief review 

Noise-figure meter, automatic, for preamplifiers and K9CW p. 36, Jan 81 WD4C p. 49, Jun 84 
converters 

p. 12, Feb 81 
Microprocessor repeater controller Instant balun (letter) 

K9IMM p. 12, Feb 81 KB5F p. 56, Apr 83 W8MQW p. 6, Aug 81 
Ohmmeter, wide-range KWM 380 external control circuit (HN) 

Bailey, John T. p. 53, Jan 84 WA2RUD p. 96, Dec 83 
Panoramic adaptor/spectrum analyzer design notes 

WA6NCX/1 p. 12, Sep 83 miscellaneous Linear amplifier, 3CX800A7 
K8RA p. 17, Aug 84 

Comments, K2CBY 
Short circuit 

p. 12, Sep 83 
p. 70, Oct 83 technical Low cost linear design and construction 

W4MB p. 12. Dec 82 
PEP output power measurement Low-pass filter, integrated circuit 

VK3AFQ p. 10, Jun 83 Ac-line switching precautions (HN) WB2KTG p. 59, Jan 85 
Comments, K4KYV p. 12. Sep 83 W5PGG p. 69, Jul 81 Multiplexing, the how and why of 

Practically speaking ALC circuits, improving amplifier part 1 KH6N p. 60, Sep 81 
K4IPV p. 79, Dec 85 WA8AJN p. 40, Aug 84 Mysterious spur on 160 (Tech. forum) 

QRP wattmeter (HN) ALC circuits, improving amplifier: part 2 N3BEK p. 73. May 83 
W6XM p. 110, Jul 84 WA8AJN p. 38, Sep 84 Comments, KtiKL, N3BEJ p. 95, Nov 83 

Receiver sweep alignment system Amplifier lor 220 MHz, slripline kilowatt Neutralizing 572B final at 1500 watts output (HN) 
WB6BIH p. 124, Nov 84 W2GN p. 12, Apr 82 W2YW p. 63, Jun 84 

Reflected power limiter (weekender) Analog-to-digital display converter for the visually Noise cancellation circuit (weekender) 
K4KI p. 63, Jul 84 handicapped K1RGO p. 75, Mar 84 

Required dynamic range and design guides KB7JW p. 44, Jan 61 Operation upgrade: part 1 
for EMI/RFI test receivers "Audio to microwave" amplifier, W6BNB p. 12, Sep 81 
DJ2LR p. 70, Nov 83 build your own Operation upgrade: part 2 

Rf power meter, part 1: instrument description and Gruchalla. Michael p. 12, Mar 84 W6BNB p. 28. Oct 81 
construction Bicycle-powered station Peaked lowpass: a look at 
N6YC p. 70. May 81 W1BG p. 25, Dec 84 the ultraspherical filter 

Rf power meter, part 2: measurements and Branch-line hybrid: part 1 W7ZOI p. 96, Jun 84 
measurement accessories WA2EWT p. 107, Apr 84 Phase modulator, PLL (HN) 
N6YC p. 55, Jun 81 Branch-line hybrid: part 2 VE3FHM p. 117, Jun 85 
Comments W3NQN p. 6, Oct 81 WA2EWT p. 93, May 84 Photovoltaic cells: a progress report 

Solid-state replacements (Tech. forum) CATVI (letter) WD8AHO p. 52, Dec 83 
AK7N p. 46, Apr 83 WB4NMA p. 10, Aug 83 Comments, K6KVX, Sample 

Standing wave indicator (Tech. forum) Computer for the blind (HN) Martin, WD8AHO, WB4APT p. 10, Feb 84 
GW8FKB p. 97, Nov 83 W8MQW p. 69, Jun 82 Polymer film transforms mechanical 

Sweep generator, stable wideband 
p. 18, Jun 81 

CW identifier, versatile, an improved memory for energy to electrical energy 
W7BAR p. 18, Jun 81 WB2BWJ p. 24, Feb 82 WA4KFZ p. 55. Dec 84 
Short circuit p. 84, Nov 81 CW station, updating (HN) Power FETs: trend for VHF amplifiers 

Swr meter for the high-frequency bands KM5T p. 77, Oct 82 Peters, Daniel, and W7PUA p. 12, Jan 84 
WB6AFT p. 62, Oct 81 Data bandwidths compared Practically speaking: repairing flood damage 
Comments, WA4UPN, WB6AFT p. 36, Mar 82 W9JD/2 p. 50, Dec 82 K4IPV p. 95, Oct 85 

The Guerri report: signal processing Comments, W6JTH p. 8, Jun 83 Practically speaking: intermittents, pt. 1 
W6MGI p. 156, Dec 84 Decibel, defining the K4/PV p. 75. Nov 85 

Time and frequency standards: part 1 Gruchalla. M. p. 51, Feb 85 Practically speaking: intermittents, pt. 2 
Martin, Vaughn D. p. 36, Nov 83 Electrolytic capacitors (letter) K4IPV p. 79. Dec 85 

Time and frequency standards: part 2 WB8MKU p. 6, Jun 81 Prerecorded messages help the 
Martin, Vaughn D. p. 31, Dec 83 Electromagnetic interference hearing impaired (HN) 

Transmitter tuning aid: buffer your and the digital era W20LI p. 87, Sep 84 
toad with this resistive network (weekender) K3PUR p. 114, Sep 84 Relay, inexpensive automatic send/receive 
K4KI p. 52, Feb 84 EMI/RFI shielding: new techniques part 1 WGPBV p. 40, May 82 

Tune-up method, low duty-cycle 
p. 52, Feb 84 

Martin, Vaughn D. p. 72, Jan 84 Resonant circuits 
tor transmitters (HN) EMI/RFI shielding: new techniques part 2 WD4C p. 12, Apr 84 
K4KI p. 62, Aug 83 Martin, Vaughn D p. 84, Feb 84 Rf power distributor, the 
Comments, W5XW p. 11, Dec 83 Filters (letter) W3BYM p. 46, Dec 81 
Comments, K4KI p. 11, Jan 84 W6XM p. 8. Feb 83 Rfi cures: avoiding side effects 

Tuneup, safe, silent (weekender) 
p. 11, Jan 84 

Comments, W3NOW p. 8, Apr 83 WB9TQG p. 52, Sep 81 
K4KI p. 123, Dec 84 Filters, bridged Comments WB7SYB, WB9TOG, 

Two-tone generator W6MUR p. 51, Oct 82 VE200 p. 6, Dec 81 
N1RM p. 32, Jun 82 Filter design, graphic RFI, solving the problems of 

Two-tone signal generator (HN) W6NRW p. 37, Apr 84 W2YW p. 124, Sep 84 
K4KI p. 77, Sep 82 Short circuit p. 13. Jul 84 Russian Woodpecker, the: 

Using the Astro 103 as a frequency counter (HN) Ham radio techniques: radio-frequency interference a continuing nuisance 
W4ATE p. 89, Jun 83 W6SAI p. 34, Nov 81 KR7L p. 37, Nov 84 

VHF/UHF world 
p. 89, Jun 83 

Ham radio techniques: radio-frequency interference Solar power for your ham station 
W1JR p, 55, Oct 84 W6SAI p. 30, Dec 81 NH6N p. 14, Dec 84 

Video monitor, inexpensive 
p, 55, Oct 84 

Ham radio techniques Short circuit p. 145, Mar 85 
K8CG p. 12, Apr 83 W6SAI p. 63, May 84 Sorting and inventory of standard resistor values, 
Comments, K9TA p. 10, Aug 83 Ham radio techniques, fifty years ago computer program for 

Weather radar, 10-GHz 
p. 10, Aug 83 

W6SAI p. 58, Jun 84 WA6SWR p. 66, Jun 81 
K4TWJ p .61, Sep 83 Ham radio techniques Super beep circuit for repeaters 

Wide range inductance meter (Tech. forum) W6SAI p. 106, Oct 84 KP4AOI p. 48, Jul 81 
K9EBA p. 52, Feb 83 

d 
Ham radio techniques The Guerri report — computer technology 

Wien Bridge oscillators, voltage-controJIei 
p. 52, Feb 83 

d W6SAI p. 75, Jan 85 W6MGI p. 54, Nov 84 
Zener diode test circuit (Tech. forum) Ham radio techniques Short circuit p. 8, Dec 84 

W3PHK p. 52, Feb 83 W6SAI 
Ham radio techniques 

p. 59, Feb 85 The Guerri report 
W6MGI p. 124, Jan 85 

W6SAI p 83. Mar 85 The Guerri report: superchips come of age 
» Ham radio techniaues: electron-hole theory W6MGI p. 126, Feb 85 microprocessors 

computers and 
calculators 

» exposed as fraud 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 

p. 67, Apr 85 

p. 66, May 85 

The Guerri report 
W6MGI p. 158, Mar 85 

The Guerri report 
W6MGI p. 157, Apr 85 

The Guerri report: a busy signal from space 
W6SAI p. 51, Jun 85 W6MGI p. 165. May 85 

An RS-232 to TTL interface Ham radio techniques The Guerri report — predicting equipment failure 
WD4KGI p. 70, Nov 82 W6SA1 p. 59, Jul 85 W6MGI p. 125, Jun 85 
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The Guerri report Ham radio techniques Ten-meter beacons (letter) 
W6MGI p. 124. Jul 85 W6SAI p. 60, Feb 82 KA1YE p. 13. Sep 83 

The Guerri report Ham radio techniques Comments, KA lYE p. 11, Jan 84 
W6MGI p. 124, Aug 85 W6SAI p. 26, Mar 82 Ten-second call swaps (letter) 

The Guerri report: RF power supplies 
p. 124, Aug 85 

Ham radio techniques WB1FJE p. 6, Aug 81 
achieve high efficiency W6SAI p 26, Apr 82 TOM remembered (letter) 
W6MGI p. 157, Sep 85 Ham radio techniques: the crystal ball W1ESN p. 11, Jan 84 

The Guerri report: RF effects — the good and the bad W6SAI p. 68, May 82 Transceiver tuning (letter) 
W6MGI p, 142, Oct 85 Ham radio techniques N6TO p. 8, Jun 82 

The Guerri report 
p, 142, Oct 85 

W6SAI p. 76, Jun 82 Tune-up method, low duty-cycle for transmitters (HN) 
W6MGI p. 140, Nov 85 Ham radio techniques K4KI p. 62. Aug 83 

Timer, electronic (HN) W6SAI p. 42, Jul 82 Commenls, W5XW p. 11, Dec 83 
W9EBT p. 65, Mar 82 Ham radio techniques Comments. K4KI p. 11, Jan 84 

Varactor tuning tips (HN) W6SAI p. 42. Aug 82 Volunteer examiners: keep standards high (letter) 
N3GN p. 67, Feb 81 Ham radio lechniques K6WX p. 12, May 84 

VHF/UHF world: the VHF/UHF primer W6SAI p. 40, Sep 82 Wearing cans (letter) 
an introduction to filters Ham radio lechniques WB9FRV p. 8, Jul 81 
W1JR p. 112, Aug 84 W6SAI p. 20, Ocl 82 Who pays the jammer (letter) 

VMOS on 1750 meters 
p. 112, Aug 84 

Ham radio techniques W3MEO p. 8, Oct 82 
K1RGO p, 71. Oct 83 W6SAI p. 46, Nov 82 Working W5LFL from space 

Wilkinson hybrids 
p, 71. Oct 83 

Ham radio lechniques K6DUE p. 81, Sep 83 
WA2EWT p. 12. Jan 82 W6SAI p. 58, Dec 82 2 meters outlawed (letter) p. 12. Jan 82 

Ham radio techniques 
W6SAI p. 66, Jan 83 

AA6C 
160-meter band (ham radio techniques) 

p. 8, Aug 82 

novice reading Ham radio lechniques 
W6SAI 

Ham radio techniques 
p. 65, Nov 83 

W6SAI p. 46, May 81 

Morse code computer tutor 
N3SE p. 45. Jun 85 

W6SAI 
Ham radio lechniques 

p. 81. Dec 83 oscillators 
New band privileges for Novice operators i (letter) W6SAI p. 58, Sep 84 

KA800E p. 15, Sep 85 Hamvention slide show (letter) Audio oscillator to pulse 
Novice playground (letter) N8ADA p. 8, Jan 82 generator conversion (HN) 

WA5MUF p. 8, Jan 82 Homebrew linears: treat or trap? (HN) W0DLQ p. 50, Ocl 84 
Novice privileges (letter) VK4LR p. 77. Nov 82 Crystal oscillator, low-frequency (HN) 

WB9IVR p. 9, Oct 85 IC-255A switching circuit (HN) W6XM p. 66, Mar 82 
Novice roundup (letter) 

p. 9, Oct 85 
WB6IQV p 70. Jan 83 Short circuit p. 79, Oct 82 

KA9A2Y p. 8, Jun 81 Comments, WA4MZZ p. 8. Jun 83 CW BFO crystal tor the 75S-3 (HN) 
Operation upgrade: part 1 Intruder watch (letter) N1FB p. 80, Feb 82 

W6BNB p. 12, Sep 81 ZL6IW/ZL1 BAD p. 6. Aug 81 Frequency synthesis by 
Operation upgrade: part 2 Is it stolen? VXO harmonic selection 

W6BNB p. 28, Oct 81 W8AP p 84, Dec 82 W3MT p. 12, Feb 84 
Practically speaking 

p. 28, Oct 81 
Lifeline SAR (letter) High-stability BFO for receiver applications 

K4IPV p. 79, Dec 85 WB9PFZ p. 8, Apr 82 K tZJH p. 28, Jun 85 
Used equipment for new hams (letter) Listening in on 10 fm Local oscillators, high stability for 

K8YUW p. 15, Sep 85 W8FX p. 62, Jan 82 microwave receivers and other applications p. 15, Sep 85 
Mysterious spur on 160 (Tech. forum) 

N3BEK p. 73, May 83 
WB3JZO 

Oscillator, voltage controlled, 
p. 29, Nov 85 

operating No-code license (letters) 
WB4SKP, W9ZMR, W2LX, 
W2JTP, W1BL, K4JW p. 8, Jan 83 

uses ceramic resonators 
K2BLA 
Short Circuit 

p. 18, Jun 85 
p. 27, Aug 85 

Amateur radio, 1933 (ham radio techniques) No code (letter) Phantom-coil VXO 
W6SAI p. 41, Jun 81 W6SN p. 10, Aug 83 W3MT p. 66, Jan 82 

Amateur radio, 1941 (ham radio techniques) On-air lune-up (tetter) Comments, W3MT p. 8, Jul 82 
W6SAI p. 30, Aug 81 K3EO p. 36, Mar 82 PL tone generator, a programmable 

Battlefield, the (letter) Operating etiquette (letter) WB0VSZ p. 51, Apr 84 
W«WL p. 8, Jun 83 W9MKV p. 12, Jul 84 Short circuit p. 125, May 84 

Best best regards regards (letter) Operation upgrade: part 3 RF synthesizers for hf communications. part 1 
W6BQD p. 8, Jan 82 W6BNB p. 30, Jan 82 WA60AA p. 12, Aug 83 
Comments, N4AGS p, 8, Apr 82 Operation upgrade: part 4 Short circuit p. 125, May 84 
Comments, KA6NFD p 8. May 82 W6BN8 p. 32, Feb 82 RF synthesizers for hf communications, pari 2 
Comments, KA2AGZ p. 8, Sep 82 Operation upgrade: part 5 WA60AA p. 48, Sep 83 

Blind ham (letter) W6BNB p. 56. Mar 82 Short circuit p. 125, May 84 
Gerrey, Bill p. 8, Sep 82 Operation upgrade: part 6 RF synthesizers for hf communications. part 3 

Burglar alarm RFI (letter) W6BNB p. 56, Apr 82 WA60AA p. 17, Oct 83 
WB2YVY p. 8, Mar 82 Operation upgrade: part 7 Short circuit p. 125, May 64 

Card from Frenchy (letter) W6BNB p. 54, Jun 82 VCO, 1800-2600 MH2 
W2LPV p. 8. Apr 82 Operation upgrade: part 8 W0DTV p. 21, Jul 85 

Carrier-operated CW reception limiter W6BNB p 56, Jul 82 VFOs tuned by cylinder and disc 
W6NRW p. 1t3, Sep 85 Operation upgrade: part 9 W0YBF p. 58, Feb 83 

CATVI (letter) 
p. 1 t3, Sep 85 

W6BNB p. 58, Sep 82 Wideband VCO design 
WB4NMA p. 10, Aug 83 Operation upgrade: part 10 WA4MGX p. 49, Jul 84 

County awards (letter) 
p. 10, Aug 83 

W6BNB p. 60, Oct 82 10 GHz oscillator, ultra stable 
KB7SB p. 8, Jul 81 Operation upgrade: part 11 K8UR p. 57, Jun 83 

CW anyone? W6BNB p 58. Nov 82 
W7JWJ p. 44, Mar 81 Other guy (letter) 

CW nets (letter) 
N4EVS p. 8, Jun 82 

KA2GXS 
Pacemakers and rti (Tech. forum) 

p. 8, May 82 power supplies 
CW zero-beat indicator tor transceivers (weekender) K4CN p. 98, Jun 83 

power supplies 
W6KVD p. 88, Mar 83 Comments, K1RGO p. 76, Oct 83 AC converter, DC to 400-Hz (HN) 

DX and ORP (fetter) 
p. 88, Mar 83 

Comments, K4CN p. 77, Oct 83 WB2YVY p. 58, Mar 83 
W6GJI p 8, Oct 82 Pacemakers and RFI: safety first (Tech forum) Battery charger, NiCad, constant current, a pulsed 

DXer's diary K3EAS, K3FOW p. 76, Oct 83 K2MWU p 67. Aug 85 
W9KNI p. 18, Mar 81 Propagation of radio waves Diesel generator repair (Tech. forum) 

DXer's diary 
p. 18, Mar 81 

W1GV/4 p. 26, Aug 82 Richardson, Wayne p. 46, Apr 83 
W9KNI p. 26, Apr 81 Protecting amateur radio (letter) Drake R-4C receiver improved power supply 
Comments p. 6, Sep 81 K2JIY p. 8. Jul 81 W3RJ p. 28. Feb 82 

DXer's diary 
p. 6, Sep 81 

ORP (letter) Dual voltage power supply 
W9KNI p. 22, Jun 81 W5QJM p. 8, Nov 82 WD4SKH p. 32, Mar 83 

DX Forecaster 
p. 22, Jun 81 

Repeater etiquette (letter) Comments, WB2UAO p. 12. Jul 83 
Kfl f iYW p. 76, Nov 81 W I O L P p 8, Oct 83 Short circuil p. 80. Jul 83 

DX Forecaster 
p. 76, Nov 81 

RST (letter) Dual voltage surge-protection for high-voltage power 
KBRYW p. 78, Dec 81 WCUCK p 6. Feb 81 supplies (weekender) 

EME, 70-CM, requirements and recommendations Service — not hobby (letter) K8VIR p. 42, Aug 81 
W1JR p. 12, Jun 82 WSVSR p. 8. Aug. 85 Electrolytic capacitors (letter) 
Short circuit p 79, Oct 82 Ten-meter band (ham radio techniques) WB8MKU p. 6. Jun 81 

h a m radio techniques W6SAI p. 38, Apr 81 Forget memory (Ni-Cd discussion) 
W6SAI p 53. Jan 82 Ten-meter beacon (Tech. forum) 

WA1 I06 p. 46. Apr 83 
KIOV p. 62. Jan 83 
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Low-voltage power supplies, designing 
W4MLE p. 46, Mar 85 
Short Circuit p, 121. May 85 

Power supply, amplifier 
p, 121. May 85 

WA2GFP p 32, Sep 83 
Power supply tor the big amplifier 

W6YUY p. 64, Jun 82 
Power supply, six-output 

Martin, Vaughn D, p. 12, Oct 84 
Power supply, switching high-voltage 

W5FG p. 48, Apr 84 
Protection for your solid-state devices 

W100P p. Mar 81 
Regulator problem solved (HN) 

p. Mar 81 

W6XM p. 97, Dec 83 
Safe power for your low-noise GaAs FET amplifier 

WA9HUV p. 18, Nov 82 
Squirrel-cage motors make field-day 

power supplies (HN) 
K6DZY p. 74, Aug 81 

Temperature control, automatic 
WB5IRI p. 75, Jun 85 

The Guerri report: RF power supplies 
achieve high efficiency 
W6MGI p. 157, Sep 86 

Transformers, wind your own — inexpensively 
W4GDW p. 96, Jun 85 

Trans-global power supply (HN) 
W9CGI p, 76, Nov 82 

Two-way power for the IC2AT 2-meter handheld 
WB3JJF p. 57, Feb 82 
Comments WB4MNW, WB3JJF p. 8, Jul 82 

Vacuum tube substitution 
p. 8, Jul 82 

W2YE p. 58, Oct 83 

propagation 
Digital lonosondes 

K2RR p. 14, Dec 83 
DX forecaster 

KflRYW p, 76, Jan 81 
DX forecaster 

KflRYW p. 92, Feb 81 
DX forecaster 

KflRYW p. 78, Mar 81 
DX forecaster 

KflRYW p, 52, Apr 81 
DX forecaster 

KflRYW p. 76, May 81 
DX forecaster 

KCRYW p. 52, Jun 81 
DX forecaster 

KflRYW p. 56, Jul 81 
DX forecaster 

KflRYW p. 46, Aug 81 
OX forecaster 

KflRYW p. 48, Sep 81 
DX forecaster 

KflRYW p. 46, Oct 81 
DX forecaster 

KflRYW p. 76, Nov 81 
DX forecaster 

KflRYW p. 78, Dec 81 
DX forecaster 

KflRYW p. 74, Jan 82 
DX forecaster 

KflRYW p. 74, Feb 82 
DX forecaster 

KflRYW p. 82, Mar 82 
DX forecaster 

KflRYW p. 70, Apr 82 
OX forecaster 

KflRYW p. 50, May 82 
DX forecaster 

KflRYW p. 42, Jun 82 
DX forecaster 

KflRYW p 78, Jul 82 
DX forecaster 

KflRYW p. 80, Aug 82 
DX forecaster 

KflRYW p. 82, Sep 82 
DX forecaster 

KflRYW p. 82, Oct 82 
DX forecaster 

KflRYW p. 84, Nov 82 
DX forecaster 

KflRYW p. 80, Dec 82 
DX forecaster 

KflRYW p. 74, Jan 83 
DX forecaster 

KflRYW p. 56, Feb 83 
DX forecaster 

KflRYW p. 84, Mar 83 
DX forecaster 

KflRYW p. 94, Apr 83 

DX forecaster 
KflRYW p. 74, May 83 receivers and 

DX forecaster 
KflRYW p. 65, Jun 83 converters 

DX forecaster 
KflRYW 

DX forecaster 
p. 82, Jul 83 general 

KflRYW p. 66. Aug 83 
DX forecaster Active mixers, performance capability: part 1 

KflRYW p. 84, Sep 83 DJ2LR p. 30, Mar 82 
DX forecaster 

p. 84, Sep 83 
Active mixers, performance capability: part 2 

KflRYW p 87. Oct 83 DJ2LR p 38, Apr 82 
DX forecaster Automatic repeater/receiver sensitivity (HN) 

KflRYW p 90, Nov 83 VE7ABK p. 81. Jan 82 
DX forecaster Bragg-cell receiver 

KflRYW p. 92, Dec 83 WB3JZO p. 42, Feb 83 
DX forecaster 

p. 92, Dec 83 
Cascaded stages. IMD and intercept points of 

KflRYW p. 83, Jan 84 W3IMG p 28, Nov 84 
DX forecaster CB to 10-meter conversions, scanner 

KflRYW p. 79, Feb 84 W2FMY, KB2GA p. 98, Nov 85 
DX forecaster Communications receiver 

KflRYW p. 93, Mar 84 K2BLA p. 12, Jul 82 
DX forecaster Compact 75-meter monoband transceiver 

KflflYW p. 93, Apr 84 K1BQT p. 13, Nov 85 
DX forecaster 

p. 93, Apr 84 
Crystal ladder filters, systematic design of 

KflRYW p. 119, May 84 N7WD p. 40, Feb 82 
DX forecaster 

p. 119, May 84 
CW filter, high performance 

KflRYW p. 109, Jun 84 W3NQN p. 18, Apr 81 
DX forecaster Comments W3NQN p. 6, Nov 81 

KflRYW p. 103, Jul 84 Digital frequency readout using the Commodore 64 
DX forecaster W3NNL p 83, Nov 85 

KflRYW p. 63, Aug 84 External product detector improves 
DX forecaster receiver performance 

KflRYW p. 79, Sep 84 W6GB p. 107. Nov 85 
DX forecaster 

p. 79, Sep 84 
High-stability BFO for receiver applications 

KflRYW p. 100, Oct 84 K1ZJH p 28, Jun 85 
DX forecaster 

p. 100, Oct 84 
LF converter, fixed-tuned 

KflRYW p. 92, Nov 84 K1RGO p. 19, Jan 83 
DX forecaster 

p. 92, Nov 84 
Low-noise preamplifiers with good impedance match 

KflRYW p. 63, Dec 84 WIOOP p. 36, Nov 82 
DX forecaster Measuring receiver dynamic range: an addendum 

KflRYW p 94, Jan 85 (HN) 
DX forecaster WB6CTW p. 86. Apr 81 

KflRYW p. 75, Feb 85 Mixer frequencies, graphical selection 
Short circuit p 117, Jun 85 W2HVN p. 41. Jun 85 

DX forecaster Noise discriminator, a pulsewidth 
KflflYW p. 120, Mar 85 W6NRW p. 23, Nov 64 

DX forecaster 
p. 120, Mar 85 

Panoramic adaptor/spectrum analyzer 
KflRYW p. 84, Apr 85 design notes 

DX forecaster 
p. 84, Apr 85 

WA6NCX/1 p. 26, Feb 83 
KflRYW p. 79, May 85 Comments, K2CBY p. 12, Sep 83 

DX forecaster 
p. 79, May 85 

Short circuit P 70, Oct 83 
KflRYW p. 102, Jun 85 Preamp at work, Quiet! 

DX forecaster N6TX p. 14, Nov 84 
KflRYW p. 100, Jul 85 Receiver dynamic range 

DX forecaster W3JZO p. 77. Dec 82 
KflRYW p. 100, Aug 85 Receiver input temperature (letter) 

DX forecaster 
p. 100, Aug 85 

WA6JTD p. 13, Apr 85 
KflRYW p. 122, Sep 85 Receiver, 10 through 80-meter homebrew 

DX forecaster 
p. 122, Sep 85 

N1BFV p. 40, Nov 85 
KflRYW p 105, Oct 85 Remote-site receivers and repeater operation 

DX forecaster 
p 105, Oct 85 

K9EID p. 36, Jan 83 
KflRYW p. 92, Nov 85 Rotary dial and encoder for digital tuning 

Dxing by computer N3CA p. 30, Dec 82 
NS6N and Buchanan, Walter p. 81, Aug 84 Spectrum analyzer, a handheld optical 

Grayline propagation, fundamentals of 
p. 81, Aug 84 

WA4WDL p. 23. Apr 84 
KR7L p 77, Aug 84 TS-930S headset audio, increased undistorted (HN) 

Moon coordinates, determining basic 
p 77, Aug 84 

W6FR p. 128. Oct 85 
W2WD p. 38, Jan 85 VHF/UHF world — high dynamic range receivers 

Moon-tracking by computer W1JR p. 97. Nov 84 
K6WX p. 38, Mar 84 Short circuit p 103, Jan 85 

New band propagation 
KK2XJM (W4MB) p. 12, Jan 83 

Radio astronomy and the search 
for extra terrestrial intelligence 
WB3JZO p. 10, Mar 85 high-frequency receivers 

Radio signals, radiation of 
high-frequency receivers 

W1GV/4 p. 26, Jun 82 Blanking the Woodpecker: pan i 
Russian Woodpecker, the: VK1DN p. 20, Jan 82 

a continuing nuisance Blanking the Woodpecker, part 2: 
KR7L p. 37, Nov 84 a practical circuit 

Solar outages, predicting VK1DN p. 18, Feb 82 
VE7ABK p. 75, Mar 85 Comments, NP4B p. 8, Jul 82 

VHF meteor scatter communications Blanking the Woodpecker, part 3: 
AI7J p. 69, Feb 84 an audio blanker 

VHF/UHF world: improving meteor VK1DN p. 22, Mar 82 
scatter communications CB to 10 fm transceiver conversion 
W1JR p. 82. Jun 84 VE3FIT, VE3AQN p. 16, Feb 83 

VHF/UHF world: the VHF/UHF Primer, Communications receivers for the year 2000, part 1: 
an introduction to propagation DJ2LR p. 12, Nov 81 
W1JR p. 14, Jul 84 Communications receivers for the year 2000, part 2: 

VHF/UHF world DJ2LR p. 36, Dec 81 
W1JR p. 45, Sep 84 Compact SSB receiver 

VHF/UHF World: propagation update K1BOT p. 10, Nov 83 
W1JR p. 86, Jul 85 Comments KACGPE p. 10, Mar 84 

VHF/UHF World Designing a modern receiver 
W1JR p. 85, Dec 85 WB3JZO p. 23, Nov 83 
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Digital HF radio: a sampling of techniques 
KA2WEU/DJ2LR p. 19, Apr 85 
Short circuit p. 121, May 85 

High-frequency receiver performance 
G40BU p. 33, Feb 84 

Improved stability and dial calibration 
for me Heathkit HW-8 (HN) 
W3HVK p. 103, Nov 83 

Inexpensive CW filter (HN) 
WB1AFO p. 80, Jan 82 

Radio interference to shortwave receivers (HN) 
W6XM p. 68. Jul 81 

Receiver sweep alignment system 
WB6BIH p. 124, Nov 84 

Shortwave converter, portable 
PY2PE1C p. 64, Apr 81 

Shortwave receiver, portable 
PY2PE1C p. 67, Apr 84 

Simple shortwave broadcast receiver (weekender) 
W6XM p. 83. Nov 83 

Superhet coilset, design with 
a microcomputer 
Sterrenburg. F A S. p. 113, Nov 84 

SW receiver, a double conversion portable 
PY2PE1C p. 48, Nov 84 

Transceivers, quasi-bilateral IF for 
K1ZJH p. 75, Dec 84 

Two-band receiver, extending the modular 
WA3TFS p. 57, Nov 84 

Two-band receiver, modular 
WA3TFS p 53. Jul 83 
Comments WA3TFS p. 8, Sep 84 

Understanding performance data of high-frequency 
receivers 
K6FM p. 30, Nov 81 
Comments KL7HT, K6FM p. 8, Aug 82 

Up-conversion receiver for the high-frequency bands: 
part 1 
W2VJN p. 54, Nov 81 

Up-conversion receiver for the high-frequency bands: 
part 2 
W2VJN p. 20, Dec 81 

15-meter sideband transceiver 
WA4ZXF p. 12, Mar 83 
Short circuit p 80, Jul 83 

80-meter receiver for the experimenter 
W6XM p 24. Feb 81 
Comments p. 6. Jun 81 

vhf receivers 
and converters 
Communications receivers for the year 2000: part 1 

DJ2LR p. 12, Nov 81 
Communications receivers for the year 2000: pari 2 

DJ2LR p. 36, Dec 81 
Interesting preamplifier for 144 MHz (HN) 

WA2GFP 
K9LHA 2-meter synthesizer, extending 

the range of (HN) 

p. 50, Nov 81 

K9LHA P 52, Dec 81 
Optical 1m receiver 

Poon and Pieper p 53, Nov 83 
Short circuit P 85, Jan 84 
Comment, W60AL P- 13, Jun 84 

VHF/UHF worid: VHF/UHF receivers 
W1Jfi P- 42. Mar 84 

RTTY 
Baudot, a vote for (letter) 

W6NRM 
CW and RTTY digital audio filter 

W10ER 
New MSO for RTTY (letter) 

N2EO 
RTTY and A ta r i™ computer 

K5VUV 
Short circuit 

RTTY oscilloscope input 
using line transformers (HN) 

p. 8. Mar 82 

p 60, Aug 83 

p. 12. Jul 84 

p. 36, Jul 83 
p. 10, Feb 84 

W6XM p. 87, Sep 84 
RTTY tuning indicator, a free (HN) 

N1AW p, 74, Oct 81 
RTTY zero-beat indicator (HN) 

W20LI p. 78, Oct 83 
Run RTTY on your Timex 

NU4V p. 110, Apr 85 
Run RTTY on your VIC-20 

W5TRS p. 120, Apr 85 
Slow ASCII 

W3FVC P «, Jun 81 

SSB transmitters, FSK adapler for 
WA3PLC p. 12, Jul 81 
Comments N1AL, WA3PLC p 8, Mar 82 
Comments WB5DPZ, N1AL p, 8. Oct 82 

Timex/Sinclarr newsletter (letter) 
AD1B p. 12, Jul 84 

TRS-80 color computer for RTTY 
WlOER p. 62, Jun 83 

VIC-20 printer (HN) 
W20LI p. 88. Sep 84 
Short circuit p. 145, Mar 85 

satellites 
Demodulator, telemetry, PSK, for OSCAR 10 

G3RUH p. 50, Apr 85 
Elevation indicator, inexpensive (weekender) 

W5JTL p. 67, Jun 85 
First HT-to-HT QSO via OSCAR 10 

WA2LQQ p 32. Sep 84 
Geostationary satellite bearings with the TI-58/59 

programmable calculator (HN) 
WA6BKC p. 87, Apr 81 

Geostationary satellites, locating 
W2TQK p, 66, Oct 81 
Comments W1DHX p. 8, Jan 82 
Comments W2TI p, 8, Feb 82 
Short circuits p 89, Jan 82 

G.O.E.S. reception: a simple approach 
WA4WDL p 46, Jan 84 

Graphic azimuth and elevation calculator 
WB0VGI p 25, Jan 83 

Locate orbiting satellites 
w a z w w p. 72, Sep 83 

Moon-tracking by computer 
K6WX p. 38. Mar 84 

Satellite tracker, digitally-controlled 
KA80BL p. 102, Sep 85 

Signals from space, receiving 
K8UR p. 67, Nov 84 

Tracking satellites in elliptical orbits 
WA8VJR p. 46, Mar 81 

Work OSCAR 10 with your HT 
WA2LOQ p 29. Sep 84 

semiconductors 
Amplifiers, biasing Class-A bipolar transistor 

KQ7B p. 32, Aug 82 
Cooling semiconductors part 1: 

designing and using heatsinks 
Martin. Vaughn D. p. 33, Jul 84 

Cooling semiconductors part 2: 
blowers and fans 
Martin. Vaughn D p. 52, Aug 84 

GaAs FET performance and 
preamplifier application 
K8UR P 38, Mar 83 
Comments, KC«W p. 12, Jul 83 

Solid-state replacements (Tech forum) 
AK7N p 46. Apr 83 

Transistor biasing, back to basics 
WD4C P 91. Dec 84 

single sideband 
Adjusting SSB amplifiers 

AG6K p 33. Sep 85 
Better sounding SSB 

AG6K p 58, Feb 84 
Comments W20ZH p 13, Jun 84 

Development of Amateur SSB: 
a brief history 
K4KJ P 12, Sep 84 
Comments, AG4R p. 8, Dec 84 

Early single-sideband transmitter (ham radio 
techniques) 
W6SAI p. 30, Dec 81 

Ham radio techniques 
W6SAI p. 106, Oct 84 

Linear amplilier, modular, tor the high-frequency 
Amateur bands 
K8RA p. 12. Jan 81 
Comments K1THP p 6, Mar 81 

Linear amplifier, HF solid-state kilowatt, mobile 
WA7SPR p 67, Feb 85 

Weaver modulation, 2-meter transmitter 
N1COX P 12, Jul 85 

software 
TI58/TI59 (HN) 

K3VGX p. 65, Mar 82 

television 
CRT character enhancer 

W9CGI p 66, Aug 82 
Medium-scan television 

W9NTP p. 54, Dec 81 
SSTV. applying microcomputers to 

G3ZCZ/4X p. 20, Jun 82 

transmitters and 
power amplifiers 
general 
Adjusting SSB amplifiers 

AG6K p. 33, Sep 85 
Amttm converter for facsimile transmission, an 

SM6FJB p. 12, Dec 81 
Lowpass filters, elliptic, for transistor amplifiers 

W3NQN p. 20, Jan 81 
MC1496, improved carier suppression (HN) 

K1ZJH p. 78, Apr 85 
Short circuit p. 74, Jul 85 

RF switching, high power with pin diodes 
KN8Z p. 82, Jan 85 

Single-conversion transceivers, digital frequency 
display for 
K6YHK p. 28. Mar 81 

VMOS on 1750 meters 
K1RGO p. 71, Oct 83 

6-meter amplifier 
W2GN p. 72. Apr 83 
Short circuit p. 97, Aug 83 

40-meter transmitter-receiver 
W6XM p. 43, Dec 82 

5CX1500 screen protection (HN) 
VE3AIA p. 58, Mar 83 

high-frequency 
transmitters 
ALC circuits, an analysis of 

K4JW p. 19. Aug 81 
Amplilier, 3CX1200A7 10 to 80 meter 

K8RA p 75, Aug 85 
CB to 10 fm transceiver conversion 

VE3FIT, VE3AQN p. 16. Feb 83 
Compact 75-meter monoband transceiver 

K1BQT p. 13, Nov 85 
Improved stability and dial calibration 

for the Heathkit HW-8 (HN) 
W3HVK p. 103, Nov 83 

Linear amplifier, HF, solid-slate kilowatt, mobile 
WA7SPR p. 67, Feb 85 

Linear amplifier, modular, for the high-frequency 
Amateur bands 
K8RA p. 12, Jan 81 
Comments K1THP p, 6. Mar 81 

Lowpass filters, elliptic, for transistor amplifiers 
W3NON 

Remote control ht operation 
K5QY 
Short circuit 

Vacuum tube amplifier, design a 
toroidal tank circuit for 
W6YUY 

15-meter sideband transceiver 
WA4ZXF 
Short circuit 

p. 20, Jan 81 

p. 32, Apr 83 
p, 97, Aug 83 

p. 29, Aug 85 

p. 12, Mar 83 
p. 80, Jul 83 

vhf and uhf transmitters 
troubleshooting 
GLA-1OOC amplifier, stop blowing finals 

G4CFY, G3ROG p. 59, Aug 85 
TVI problem, solving a difficult (HN) 

W2YW p. 152, Sep 85 
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vhf and microwave 
general 
ATV power ampli f ier, fast-scan 

WBCZJP p. 67, Mar 85 
" A u d i o to m ic rowave" amplif ier, bui ld your own 

Gruchalla, Michael p. 12, Mar 84 
Bandpass filter design, interdigital, computer-aided 

N6JH, Monemzadeh p. 12, Jan 85 
Short circuit p. 117, Jun 85 

Battery-voltage monitor for HTs (weekender) 
K2MWU p. 78, Sep 82 

Diplexer mods (HN) 
K5PFE p. 89, Apr 83 

Dual wattmeter, 50-500 Hz (weekender) 
W B 4 6 H S p. 67, Ju l 85 

Duplexer, six cavity, home-brewed 
K9EYY p. 12, Feb 85 

Earth-moon-earth (ham radio techniques) 
W6SAI p. 40. Feb 81 

Efficient match ing (Tech, forum) 
VE7BS P 83, Sep 83 

Elevation indicator, inexpensive (weekender) 
W5JTL p. 67, Jun 85 

Get on 6 meters — the inexpensive way 
KB1KJ p. 91, Mar 85 

G O E S, reception: a simple approach 
W A 4 W D I p. 46, Jan 84 

Handheld transceiver mount (a 2-way ashtray tor 
your car) (weekender) 
KB2XM p. 64. Ju l 81 

Helical antenna match ing (Tech. forum) 
Bell iveau, John p. 73, May 83 

Instant balun (letter) 
W8MQW p. 6, Aug 81 

K9LHA 2-meter synthesizer, extending 
the range of (HN) 
K9LHA P. 52, Dec 81 

Local oscil lators, high stabil ity for micro-
wave receivers and other appl icat ions 
WB3JZO p. 29, Nov 85 

Measur ing noise f igure 
K2BLA p. 26. Jan 84 

Micros and VHF beacons 
transmit messages automatically 
K9EI p. 51, Ju l 85 

Microstrip impedance program 
K8UR p. 84, Dec 84 

Microwave network for mul t imode communicat ions 
K4TWJ p. 36, Aug 82 

Moon coordinates, determining basic 
W 2 W D p. 38, Jan 85 

Moon-tracking by computer 
K6WX p. 38, Mar 84 

More about moonbounce (ham radio techniques) 
W6SAI p. 34, Mar 81 

Mult ipurpose uhf oscil lator, s impl i fy ing the 
WA9HYV p. 26, Sep 81 

Power dividers, ex tended/expanded 
W5JTL p. 73, Oct 84 

Power FETs: t rend for VHF amplif iers 
Peters, Daniel, W7PUA p. 12, Jan 84 

Power supply, amplifier 
WA2GFP p. 32, Sep 83 

Preamp at work, Quiet! 
N6TX p. 14. Nov 84 

Radio telescope antenna requirement (Tech. forum) 
Landecker, Tom p. 44, Mar 83 

RF transmission cable, microwave appl icat ions 
K3HW p. 106, May 85 

Repeater security 
WA5FRF p. 52. Feb 81 

Silverplating, safe, sensible 
K9EYY p. 29, Feb 85 

Super beep circuit for repeaters 
KP4AQI p 48. Jul 81 

Synthesized t ime identif ier for your repeater 
WA4GUA p. 42, Nov 82 

The Guerri report: s ignal processing 
W6MGI p. 156, Oec 84 

Tone decoder, the ult imate 
WD9EIA, W B 9 H G Z p. 33, Sep 82 
Comment . WD9EIA p. 8, Feb 83 

Touchtone auto-dialer, portable 
K2MWU p. 12, Aug 82 
Comments, K 2 M W U p. 8, Feb 83 

Trade off power for antenna gain at VHF? 
WA9GFR, Hennel p. 32, Ju l 85 

U H F antenna tower, low-cost 
KA6GVY p. 30, Oct 84 

VHF amplif iers, carr ier-operated relay 
WB3JCC, KD8K2 p. 45. Apr 85 

VHF meteor scatter communicat ions 
AI7J p. 69, Feb 84 

VHF signal generat ion, harmonic mixer (weekender) 
K1ZJH p. 40, Mar 85 
Short circuit p 121. May 85 

VHF/UHF world: the VHF/UHF chal lenge 
W1JR p. 42, Jan 84 

VHF/UHF world: improving meteor 
scatter communicat ions 
W1JR p. 82, Jun 84 

VHF/UHF world: the VHF/UHF pr imer, 
an introduct ion to propagat ion 
W1JR p. 14, Jul 84 

VHF/UHF world the VHF/UHF Primer, 
an introduction to filters 
W1JR p. 112, Aug 84 

VHF/UHF wor ld 
W1JR p. 45, Sep 84 

VHF/UHF world 
W1JR p. 55, Oct 84 

VHF/UHF world — low-noise GaAs FET technology 
W1JR p. 99, Dec 84 

VHF/UHF world: h igh power amplif iers: pi. 1 
W1JR p 97, Jan 85 

VHF/UHF world: h igh power amplif iers: pt. 2 
W1JR p. 38. Feb 85 

VHF/UHF world: keeping VHF/UHFers up-to-date 
W1JR p. 126, Mar 85 

VHF/UHF world: protect ing equipment 
W1JR p. 83. Jun 85 

VHF/UHF world: propagat ion update 
W1JR p. 86, Ju l 85 

VHF/UHF world: des ign ing and bui lding loop Yagis 
W1JR p. 56, Sep 85 

VHF/UHF world — transmission lines 
W1JR p. 83. Oct 85 

VHF/UHF wor ld 
W1JR p. 54, Nov 85 

VHF/UHF wor ld 
W1JR p. 85, Dec 85 

Weather radar, 10-GHz 
K4TWJ p. 61. Sep 83 

Wireless 220-MHz to 2-meter converter (weekender) 
W3RW p. 36, Jan 82 

X-band calibrator 
W A 6 E J O p. 44, Apr 81 

X-band mixer, low noise (Tech. lorum) 
N5AX p 22, Jan 83 

10-GHz oscil lator, ultra stable 
K8UR p 57, Jun 83 

40-meter transmitter-receiver 
W 6 X M p. 43, Dec 82 

vhf and microwave 
antennas 
Antenna insulators, PTFE VHF 

W 5 J T L p. 98, Oct 85 
Cyl indrical teedhorns, second-generat ion 

W A 9 H U V p. 31, May 82 
Direct ion-f inding tool, the fox box 

K1ZJH p. 25, Oct 85 
Fresnel-zone plate for 10.4 GHz 

WB6YVK p. 44, May 82 
Comments, K B 9 0 , WB6YVK p. 8, Nov 82 

Inexpensive f ive-eighth wave groundplane (HN) 
W7CSD p. 84, Mar 81 

Match ing 432 MHz helical antennas 
(Tech. forum) 
W 8 N W U p. 44, Mar 83 

Re-entrant cavity antenna for the vhf bands 
W4FXE p 12, May 81 

Using a 2-meter quarter-wave whip on 450 MHz (HN) 
K1ZJH p 92, May 81 

VHF/UHF world. VHF/UHF antennas and 
antenna systems 
W1JR p 46, Feb 84 

VHF/UHF world: s tacking antennas, part 1 
W1JR p. 129, Apr 85 

VHF/UHF world: s tacking antennas, part 2 
W1JR p. 95, May 85 

VHF/UHF wor ld 
W1JR P 85, Dec 85 

Weather ing the elements at 10.4 GHz 
WB6YVK p. 74, Aug 82 

2-meter beam, portable 
KB5QJ p 113, Oct 85 

vhf and microwave 
receivers and converters 
A d d fm to your receiver (weekender) 

K3NXU p. 74, Mar 81 
GaAs FET performance and 

preampli f ier application 
K8UR P 38, Mar 83 
Comments, KC8W p. 12, Ju l 83 

Kenscan 74 
W B 7 0 Y B p. 50, Jan 81 
Short circuit p. 89. Jan 82 

Local oscil lators, h igh stabil ity for micro-
wave receivers and other appl icat ions 
W B 3 J Z O P 29, Nov 85 

Modif icat ion of K9LHA 2-meter synthesizer tor 
144-148 MHz coverage (HN) 
K9LHA p. 93, May 81 

Preamplif ier design, UHF, computer-a ided 
KBSO P 28, Oct 82 

Synthesizer, genesis of a 
VE3FIT p. 38, Mar 81 

TR-2500/2600 2-channel programming (HN) 
K9MLD p. 128, Oct 85 

VHF/UHF world: VHF/UHF receivers 
W1JR P 42, Mar 84 

VHF/UHF world — low-noise GaAs FET technology 
W1JR p. 99, Dec 84 

VHF/UHF world 
W1JR p 54, Nov 85 

Yaesu 's latest VHF/UHF receiver, 
add general coverage 
W6MG1 p. 67, Oct 85 

2-meter synthesizer, frequency modulator for 
K9LHA p. 68, Apr 81 

2-meter transverter 
W 6 H P H p. 24, Jan 82 

2-meter weather converter (weekender) 
WA3EEC p 87, Dec 83 

10-60 MHz preamp, low-noise, low-cost 
WA2GFP p. 55, May 81 

2304-MHz preampli f ier, low-noise 
WA2GFP p. 12, Feb 83 

vhf and microwave 
transmitters 
Amplif ier, 2 meter, 40 watt 

WB4GCS p. 50, Oct 83 
Amplif ier, 432-MHz, 1500-watt 

W2GN P- 40, Jul 85 
AN/UPX-6 cavities, convert ing surplus 

W6NBI p. 12, Mar 81 
Modif icat ion of K9LHA 2-meter synthesizer for 

144-148 MHz coverage (HN) 
K9LHA p. 93, May 81 

Solid-state power tor 1296 MHz 
N6JH p. 30, Feb 81 

Synthesizer, genesis of a 
VE3FIT P- 38. Mar 81 

Temperature control, automatic 
WB5IRI P 75, Jun 85 

TR-2500/2600 2-channel programming (HN) 
K9MLD p. 128. Oct 85 

VCO, 1800-2600 MHz 
WODTV p. 21, Jul 85 

VHF/UHF world: medium power ampl i f iers 
W1JR p. 39, Aug 85 

VHF/UHF world: VHF/UHF exciters 
W1JR p. 84, Apr 84 
Short circuit p. 60, Oct 84 

Weaver modulat ion, 2-meter transmitter 
N1COX p. 12, Jul 85 

2-meler synthesizer, f requency modulator for 
K9LHA p. 88, Apr 81 

6-meter amplif ier 
W2GN p. 72, Apr 83 
Short c i rcui l p. 97, Aug 83 
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product 

REVIEW 
Alpha Delta's multi-band 
twin sloper antenna 

Slopers have enjoyed considerable popularity 
over the past few years. Recently a number of 
different manufacturers have been producing 
several models of multi-band slopers that are fairly 
convenient to install and apply and give a pretty 
good accounting of themselves on the air. 

The newest sloper is the DX-A from Alpha 
Delta, designed to cover 160, 80, and 40 meters. 
Alpha Delta is well known for its MACC power 
supply switch and transient protector and its 
Transi-trap antenna lightning protector. Don 
Tyrell. W8AD. president ol Alpha Delta, was 
looking for a way to improve his low band sig-
rialsand came upon the March, 1981, QSTani-
cte by Doug DeMaw, W1FB, "More Thoughts 
on The Confounded Sloper." Don researched 
the sloper further and decided that the design 
could give him the kind of performance he was 
looking for. 

Because he wanted a multi-band antenna, he 
had to make a few modifications. The first was 
to modify the basic design to configure it more 
like an inverted dipole rather than a single wire 
antenna (as described in the QST article and 
produced by other manufacturers.) This was 
done to broaden the bandwidth and improve the 
radiation efficiency of the antenna. As first 
designed, the antenna had one element that 
covered 160 and 80, while the other tuned 40 
meters. However, after a number of these units 
were produced and oul in the field, Don found 
that the antenna's performance could be 
improved if the 160-meter resonator was placed 
on the end of the 40-meter wire (see fig. 1). 

Since I had the original DX-A antenna, I had 
to make a number of minor modifications before 
this review could begin. 

Alpha Delta uses an aluminum tower bracket 
drilled to fit a Rohn tower bolt and has an 
SO-238, female UHF connector to simplify 
attaching the antenna feed line. The two 
antennas are fed from this-common point and 
extend away from the tower just as a dipole 
would. If there's any question of a good ground 
connection, such as wilh a crank-up or older and 
possibly corroded tower, it will be necessary to 
run a grounding wire to ensure proper operation. 

Alpha Delta recommends that the DX-A be 
placed between 25 and 40 feet up — 30 is sug-
gested as optimum. The elements should be run 
as closely to 180 degrees apart as possible. (The 
test antenna was installed at 32 feet on a 56 foot 

• 0 « i : ; >' • 'v '— ' 

HOOP ! •" • r 

fig. 1. Performance was improved by placing 160-meter resonator at the end of 40-meter 
wire. 
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$ 2 < | g 9 5 Suggested 
Amateur Net Price 

The AEA model PK-80 is a wired, 
tested, and calibrated version of the 
famous TAPR TNC-2 and comes with a 
one-year conditional AEA warranty. 

You can interface the PK-80 with 
any ASCII terminal or a personal 
computer and standard terminal 
software. The PK-80 is loaded with all 
the latest AX.25 version 2.0 software 
and advanced packet hardware 
circuitry that makes the TNC-2 the 
newest benchmark for comparison. 

Compare the following as represen-
tative of the advanced new features 
relative to the competition. 

• Hardware H D L C tor full duplex 
• True Data Carrier Detect (DCD) 

for H F operation 
• Operates with 3 0 0 , 1 2 0 0 , 2400 , 

4800 , and 9600 baud terminals 
• Five front-panel status indicators 
• Mult iple connect 
• Connec t check (poll final bit) 

fully implemented 
• Connect A U T O response message 
• Only three c o m m a n d s necessary 

for m a k i n g standard contacts 
• 82 software c o m m a n d s possible for 

the most demanding requirements 

Prices Mild Specifications Subject 10 Change 
Without Notice or Obligation. 
ADVANCED ELECTRONICS APPLICATIONS, INC. 
P.O. Box C-2160, Lynnwood. WA 98036-0918 
TELEX: 6972496 AEA INTL UW 
(206) 775-7373 

EAEAEAEAE 
cAEAEAEAEAEAEAE 

feAEAEAEAEAEAEAIAEAE 
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Inter-Ear-Communication-System 
A space age system that allows you to send and 
receive your message through your ear and leave 
your hands free. 

• Replace your HTs awkward speaker-microphone with 
an n-earmicrophone. 

• Discrete HT communications leaves you with both 
hands free. 

• Allows voice communications in noisy environments. 
• Our rreartalk Interfaces with almost all HTs, which 

have external speaker microphone output jacks. 
• Custom hybrid circuit. 
• Low power consumption. Transmits at 5mA and less 

than 10uA when receiving. 
• One year warranty. j r p Q O A f l 
Dealer inquiries are invited. I £ v w ' f c U U 

$99.95 includes IECS-200 control unit, Ear transducer, 
9V battery, 6-pin output connector and Instruction sheet. 
(Add 6% sales tax for California residents.) 
Custom made interface cable for TEMPO S-15 and all ICOM 
HTs are available at $19.95 
FOR ALL PREPAID ORDERS, SHIPPING AND HANDLING 
CHARGE WILL BE PAID BY N-EAR-TALK. 

m rwLC communications, inc. 

22511 Aspan Street • Lake Forest • Calif. 92630-6321 
(714) 581-4900 Telex 29-7385 ACE UR Fax (714) 768-4410 

k- 193 

VA WARNING 
SAVE YOUR LIFE OR AN INJURY 

' f ' ^ ^ Base p'3188' , ,al r00' moun,s' hinflet| bases' 
1 \ h i n g e d sections, etc.. are not intended 1o s u p p o r t 
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be v e r y I n e x p e n s i v e Insurance. 

Paid for 
By the 
Following: 

ROHN® 
P . O . B o x 2 0 0 0 
P e o r i a , I L 6 1 6 S 6 
AN AMERICAN OWNED COMPANY 

tower.) Other dimensions can be used without 
seriously degrading performance. 

The antenna is a single-wire radiator for 80 
meters and a loaded radiator on 40 and 160. It 
uses a low-Q "iso-resonator" instead of an L-C 
trap to eliminate the problems of capacitor break-
down under high RF loads. This coil is rated at 
1500 watts PEP. Don's new dimensions for the 
antenna are: 

80 meters 67-69 feet 
40 meters 34 feet 
160 meters 18 feet 

Tuning 80, I found that I was able to get an 
acceptable match at 3.6 MHz without too much 
difficulty. However, finding that the suggested 
dimensions for 40 meters were a bit too long, 
I spent a considerable amount of time pruning 
the antenna in an attempt to get the antenna to 
resonate. I was finally able to get the unit to 
cover the whole band when the antenna was 
approximately 32 feet long. Luckily at this point, 
the antenna was just about resonant at where 
I wanted it for 160. One cut and it was at 1.84 
MHz. 

Should you have any problems during instal-
lation or tune up, yau can call Alpha Delta's tech-
nical department at 513-376-4180. Their repre-
sentatives will be able to provide you with sound 
advice. 

Less than 2:1 SWR bandwidth for this instal-
lation is: 

160 meters 50 kHz 1.815-1.865 MHz 
80 meters 200 kHz 3.5-3.7 MHz 
40 meters 300 kHz 7.1-7.3 MHz 

This antenna can also be tuned with open wire 
feeders or coax and a transmatch for greater fre-
quency excursions, As modified, the DX-A will 
also tune the 30 and 17-meter Amateur bands 
with a reasonable SWR. 

It is far too soon to tell how well this antenna 
will perform on long-haul DX contacts. However, 
early results indicate that it will be pretty good 
on 80 and 40 with credible results on 160. 

The multi-band sloper won't give you the per-
formance of full-sized antennas. But, if your 
space is limited or if you need a single antenna 
to get on the air, the DX-A is a perfect candi-
date for you to consider. 

For more information, stop by your local dealer 
or contact Alpha Delta, P.O. Box 571, Center-
ville, Ohio 45459. 

Circlo /301 on Reader Service Card. 
N1ACH 

NEW 
products 

packet goes portable 
GLB Electronics, Inc., has introduced the first 

packet radio controller designed for portable and 
solar powered stations. 

(conlniuud tm page 124I 
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MULTI BAND TRAP ANTENNAS 
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products 
Unique in terms of small size and low current 

drain, the PK1L is designed (or portable use and 
for remote digipeater operation. At a current 
drain of only 25 mA, the PK1L can oven be oper-
ated on a 9-volt transistor radio battery. PK1L 
also has self-contained "watchdog" and power-
down sensing circuits with a l ithium battery 
backup for memory. When power is disconnect-
ed all parameters and modes that have been set 
up are retained and become available again when 
power is restored. For remote digipeater opera-
tion in the event of malfunction due to nearby 
lightning strikes, etc. the watchdog automati-
cally resets the CPU, ensuring continued oper-
ation for anything short of physical damage to 
the unit. The PK1L also provides a "connected" 
signal, plus two spare inputs and outputs that 
can be programmed for custom applications. A 
"remote command lockout" input can be used 
to prevent unauthorized stations from sending 
control commands. 

The PK1L is housed in a rugged, all-metal, 
shielded enclosure measuring only 4.6 x 5.9 x 
1.0 inches. The PK1L is entirely self-contained 
with an onboard CPU, 8K of memory, prepro-
grammed 32K ROM, RS-232 interface and pac-
ket MODEM weighing only 12 ounces. Both 
connectors are DR-25s, chosen for ready 
availability. Pinouts were chosen to preclude 
damage due to improper insertion. One connec-
tor is for transceiver and power supply and the 
other for a computer, a computer terminal, or 
a teletype machine, ejther ASCII or Baudot. The 
CPU is a CMOS Z80A microprocessor operat-
ing at 3.58 MHz. 

For further information, contact GLB Electron-
ics, Inc., 151 Commerce Parkway, Buffalo, New 
York 14224. 

Circle <303 on Roador Service Card. 

ICOM IC-R7000 receiver 
A new continuous-coverage receiver from 

ICOM monitors all Amateur Radio frequencies, 
from 25 MHz through 2000 MHz in FM, AM, and 
SSB modes. ISpecifications guarantee from 25 
m 1300 MH7.) The unit also covers aircraft, 
marine, government, emergency services and 
television bands. 

Nintey-nine memory channels are featured. 
Frequencies are accessed by either keyboard or 
tuning knob. Scanning speed is adjustable. Five 

tuning speeds 10.1 kHz, 1.0 kHz, 5 kHz, 10 kHz, 
12.5 kHz, and 25 kHz) are available. The fluores-
cent display includes a dimmer switch for com-
fortable viewing. 

The compact unit measures 4 3 /8 * 11 1/4 * 
10 7 /8 inches and is priced at $899. Infrared 
remote controller and voice synthesizer are 
optional. 

For details, contact ICOM America, Inc. 2380 
116 Avenue N.E., Bellevue, Washington 
98009-9029. 

Circle 1304 on Reader Service Card. 

AZDEN 2-meter transceiver 
Amateur-Wholesale Electronics has an-

nounced the new AZDEN PCS-5000 2-meter 
microcomputer FM transceiver. 

The PCS-5000 has an unprecedented frequen-
cy range of 140.000-152.995 MHz, allowing the 
unit to be used for CAP and all MARS frequen-
cies. Its small size - only 2 inches high by 5-112 
inches wide by 7-1 /4 inches deep — allows the 
radio to be placed almost anywhere. 

The microcomputer facilitates features not 
previously available, including up to 11 nonstan-
dard splits, 20 channels of memory in which off-
set and PL information can be stored, dual 
memory scan, scan lockout in memory mode, 
two ranges of programmable band scanning, 
wi th selectable scan increments, busy scan and 
delay scan in both the memory and band-scan 
modes, discriminator scan centering (AZDEN ex-
clusive patent), priority memory with alert tone, 
state-of-the-art lithium battery for memory back-
up, repeater reverse, acquisition tone, program-
mable PL generatoi, and direct frequency entry. 

The crisp, easy-to-view backlighted liquid crys-
tal display shows operating functions as well as 
frequency and S/RF bar-graph meter. The key-
board is backlighted for easy viewing even in to-
tal darkness. 

Other features of the PCS-5000 include 
h igh/ low power (25 watts and 5 watts, fully ad-
justable), a superior receiver wi th unprecedent-
ed sensitivity and dynamic range, true frequency 
modulation, 18-key touchtuiie pad. a rugged 
multi-function dynamic microphone, a built-in 
speaker, mobile mounting bracket, remote 
speaker jack, and all cords, plugs and fuses. 

For further information, contact Amateur-
Wholesale Electronics, Inc., 8817 S.W. 129Ter-
race, Miami, Florida 33176. 

C i r c l e #305 o n Reade r S e r v i c e C a r d . 

new Heathkit catalog 
More than 400 kit and assembled electtonic 

products - including a new personal LORAN 
navigational computer suitable for boating or 
backpacking — are showcased in the latest 
Heathkit catalog. 

Many new products are featured; for exam-
ple, Heath's instrument line has been expand-
ed to include the ID-4801 EPROM Programmer. 

ORDER DIRECT fflOM FACTORY.*: mm-. m m US Pimm <> 
yts.y:.:! 1| .T - ; '1 ') i:i- ;; ;.ili-

SPI RO MANUFACTURING, INC. 
Room 103. P.O. Box 1538 
Hondorsonville. NC 2B793 

OfMl /nciinWi In.mi 

ORLANDO HAMCATION 
AND 

COMPUTER SHOW 
MARCH 7, 8, 9,1986 

FLORIDA STATE 
ARRL CONVENTION 

REGISTRATION 
$5.00 ADVANCE • $7.00 AT DOOR 

FOR INFORMATION 
PLEASE SEND 

SELF ADDRESSED STAMPED 
ENVELOPE TO: 

HAMCATION CHAIRMAN 
P.O. BOX 15142 

ORLANDO, FL 32858 
(305) 422-ARRL 

FREE PARKING AVAILABLE FREE PARKING AVAILABLE 
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used to program, duplicate, verify, and simulate 
single-power supply 2500 and 2700-series 
EPROMS. A new version of the H/Z-100 Desk-
top Computer is also available, featuring 8MHz 
operation and equipped with a minimum of 256K 
bytes of RAM. 

Of special interest to readers is an FCC-
registered phone patch that employs a new de-
sign and special speech transmission circuits that 
allow the patch to be directly connected to the 
phone line, thereby eliminating conventional 
hybrid transformers used on four-wire to two-
wire conversions. 

For a free copy of Heathkit's new catalog, 
contact Heath Company, Dep't 150-585, Ben-
ton Harbor, Michigan 49022. 

Circle #306 on Reader Service Card. 

2 - p o s i t i o n c o a x s w i t c h 
The new MFJ-1702 two-position coax switch 

features one pole, two output positions, and low 
insertion loss — less than 0.2 dB. Its maximum 
frequency range os 500 MH2, and it has less 
than 20 milliohms contact resistance SO-239 
connec to rs . 

The MFJ-1702 is designed for high-
performance at a reasonable price. It has a 
VSWR of 1:1.2 and gets better than 60 dB iso-
lation at 300 MHz and better than 50 dB at 450 
MHz. The power rating is 2.5 kw PEP, 1 kw CW. 
Unused terminals are also automatically 
grounded for protection from static, lightning, 
and RF. 

Hams will find that they can rely on this dura-
ble two-position coax swich because MFJ 
includes a one-year unconditional guarantee and 
an additional 30-day money-back guarantee if the 
product is purchased directly from MFJ Enter-
prises. 

For more information, contact MFJ Enter-
prises, P.O. Box 494, Mississippi State, Missis-
sippi 39762. 

Circla <307 on Reader Service Card. 

p l u g - i r i e n c o d e r - d e c o d e r 
Communications Specialists has introduced 

another new direct plug-in encoder-decoder for 
three papular radios. Based on the proven TS-32 
programmable encoder-decoder, the TS-32JRC 
plugs directly into the J.R.C. JHM-45S50, So-
nar FM-2112/FM-2114. and Repco RSM. No 
modifications to the radio are necessary. 

The TS-32JRC allows individual selection of 
all 32 standard EIA CTCSS tones on any of the 
radios' channels. The send and receive tones 
may be the same or different on each of the 16 
channels. The TS-32JRC is available for immedi-
ate delivery from factory stock and sells for 
$62.95. A catalog is available on request. 

For further details, contact Communications 
Specialists, Inc., 426 West Taft Avenue, Orange, 
California 92665-4296. 

Circle #308 on Reader Service Card. 

PK-64 packet system 
The PK-64 form AEA is the first Packet Sys-

tem with both hardware and software optimized 
for the Commodore-64 computer. 

On the hardware side, tho PK 64 includes 
Western Digital 1935 HDLC chip for full-duplex 
operation. The modem is based on the Exar2206 
and 2211 chip set including a 6-pole post detec-
tion filter for improved HF and VHF perfor-
mance. The PK-64 is designed for small size and 
light weight, for convenient use. AEA designed 
the PK 64 to operate from 12 volts DC for max-
imum flexibility in powering the unit. An AC 
Adapter is available for Ihose wishing to use a 
115 volt AC power source. The PK-64 will work 
with virtually any voice transceiver. 

The hardware is only half the story. No Pack-
et Radio Controller is complete without appropri-
ate communications software. Existing terminal 
emulation programs used with present Packet 
Controllers were not designed with Packet Ra-
dio Communication in mind a n d are n o t op t i -

mum. The PK-64 includes its own MBA-TOR'" 
style communications software which has been 
optimized for Packet Radio. 

The PK-64 software allows Split Screen oper-
ation for more efficient Packet Radio commu-
nications. This is a valuable feature since it allows 
receiving and displaying packets while the oper-
ator is typing a message or response to be trans-
mitted. There is a built-in word processor style 
text editor that allows disk or cassette files to 
be created, edited, or deleted. Commodore 64 
text and executable files may be transferred 
error-free with the PK-64. Ten command and 
message buffers are available for traffic, bulle-
tins, or often used connect paths, etc. A soft-
ware clock is included which automatically logs 
the connect and disconnect times and dates. 
PK-64 commands are the same style as the 
TAPR family of commands. 

The price is less than $220. 
For more information, contact Advanced Elec-

tronic Applications, Inc.. PO Box C-2160, Lynn-
wood, Washington 98036. 

Circle #302 on Render Service Card. 
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